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Foreword

The U.S. Geological Survey (USGS) is committed to providing the Nation with credible scientific information that helps to enhance and protect
the overall quality of life and that facilitates effective management of water, biological, energy, and mineral resources (http://www.usgs.gov/).
Information on the Nation's water resources is critical to ensuring long-term availability of water that is safe for drinking and recreation and is
suitable for industry, irrigation, and fish and wildlife. Population growth and increasing demands for water make the availability of that water,
now measured in terms of quantity and quality, even more essential to the long-term sustainability of our communities and ecosystems.

The USGS implemented the National Water-Quality Assessment (NAWQA) Program in 1991 to support national, regional, State, and local
information needs and decisions related to water-quality management and policy (http://water.usgs.gov/nawqa). The NAWQA Program is
designed to answer: What is the condition of our Nation's streams and ground water? How are conditions changing over time? How do natural
features and human activities affect the quality of streams and ground water, and where are those effects most pronounced? By combining
information on water chemistry, physical characteristics, stream habitat, and aquatic life, the NAWQA Program aims to provide science-based
insights for current and emerging water issues and priorities. From 1991-2001, the NAWQA Program completed interdisciplinary assessments
and established a baseline understanding of water-quality conditions in 51 of the Nation’s river basins and aquifers, referred to as Study Units
(http://water.usgs.gov/nawqa/studyu.himl).

In the second decade of the Program (2001-2012), a major focus is on regional assessments of water-quality conditions and trends. These
regional assessments are based on major river basins and principal aquifers, which encompass larger regions of the country than the Study
Units. Regional assessments extend the findings in the Study Units by filling critical gaps in characterizing the quality of surface water and
ground water, and by determining status and trends at sites that have been consistently monitored for more than a decade. In addition, the
regional assessments continue to build an understanding of how natural features and human activities affect water quality. Many of the
regional assessments employ modeling and other scientific tools, developed on the basis of data collected at individual sites, to help extend
knowledge of water quality to unmonitored, yet comparable areas within the regions. The models thereby enhance the value of our existing data
and our understanding of the hydrologic system. In addition, the models are useful in evaluating various resource-management scenarios and in
predicting how our actions, such as reducing or managing nonpoint and point sources of contamination, land conversion, and altering flow and
(or) pumping regimes, are likely to affect water conditions within a region.

Other activities planned during the second decade include continuing national syntheses of information on pesticides, volatile organic
compounds (VOCs), nutrients, selected trace elements, and aquatic ecology; and continuing national topical studies on the fate of agricultural
chemicals, effects of urbanization on stream ecosystems, hioaccumulation of mercury in stream ecosystems, effects of nutrient enrichment on
stream ecosystems, and transport of contaminants to public-supply wells.

The USGS aims to disseminate credible, timely, and relevant science information to address practical and effective water-resource management
and strategies that protect and restore water quality. We hope this NAWQA publication will provide you with insights and information to meet
your needs, and will foster increased citizen awareness and involvement in the protection and restoration of our Nation’s waters.

The USGS recognizes that a national assessment by a single program cannot address all water-resource issues of interest. External coordination
at all levels is critical for cost-effective management, regulation, and conservation of our Nation's water resources. The NAWQA Program,
therefore, depends on advice and information from other agencies—TFederal, State, regional, interstate, Tribal, and local—as well as
nongovernmental organizations, industry, academia, and other stakeholder groups. Your assistance and suggestions are greatly appreciated.

Matthew C. Larsen
Acting Associate Director for Water
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Conversion Factors and Datum

Multiply By To obtain
Length
mile (mi) 1.609 kilometer (km)
Area
acre 43,560 square foot (ft%)
acre 4,047 square meter (m?)
acre 0.001562 square mile (mi?)
Volume
gallon 3.785 liter (L)
Flow rate
gallon per minute (gal/min) 0.06309 liter per second (L/s)
gallon per day (gal/d) 3.785 liter per day
million gallons per day (Mgal/d) 1.121 thousand acre-feet per year
0.001547 thousand cubic feet per second
0.6944 thousand gallons per minute
0.003785 million cubic meters per day
1.3815 million cubic meters per year

Horizontal coordinate information is referenced to the North American Datum of 1927 (NAD 27).



Estimated Withdrawals from Stream-Valley Aquifers
and Refined Estimated Withdrawals from Selected
Aquifers in the United States, 2000

By B. Pierre Sargent, Molly A. Maupin, and Stephen R. Hinkle

Abstract

The U.S. Geological Survey National Water Use
Information Program compiles estimates of fresh ground-
water withdrawals in the United States on a 5-year interval.

In the year-2000 compilation, withdrawals were reported
from principal aquifers and aquifer systems including two
general aquifers—Alluvial and Other aquifers. Withdrawals
from a widespread aquifer group—stream-valley aquifers—
were not specifically identified in the year-2000 compilation,
but they are important sources of ground water. Stream-valley
aquifers are alluvial aquifers located in the valley of major
streams and rivers. Stream-valley aquifers are long but narrow
aquifers that are in direct hydraulic connection with associ-
ated streams and limited in extent compared to most principal
aquifers.

Based in large part on information published in U.S.
Geological Survey reports, preliminary analysis of withdrawal
data and hydrogeologic and surface-water information indi-
cated areas in the United States where possible stream-valley
aquifers were located. Further assessment focused on 24 states
and the Commonwealth of Puerto Rico. Withdrawals reported
from Alluvial aquifers and (or) Other aquifers in 22 states and
the Commonwealth of Puerto Rico were investigated. Two
additional States—Arkansas and New Jersey—were inves-
tigated because withdrawals reported from other principal
aquifers in these two States may have been from stream-valley
aquifers.

Withdrawals from stream-valley aquifers were identified
in 20 States and were 1,560 Mgal/d (million gallons per day),
a rate comparable to withdrawals from the 10th most produc-
tive principal aquifer in the United States. Of the 1,560 Mgal/d
of withdrawals attributed to stream-valley aquifers, 1,240
Mgal/d were disaggregated from Alluvial aquifers, 150 Mgal/d
from glacial sand and gravel aquifers, 116 Mgal/d from
Other aquifers, 28.1 Mgal/d from Pennsylvanian aquifers,
and 24.9 Mgal/d from the Mississippi River Valley alluvial
aquifer. Five States, including Colorado (552 Mgal/d),

Kansas (384 Mgal/d), Oklahoma (126 Mgal/d), Kentucky
(102 Mgal/d), and Ohio (100 Mgal/d), accounted for 81 per-

cent of estimated stream-valley aquifer withdrawals identified
in this report. Of the total withdrawals from stream-valley
aquifers, about 63 percent (984 Mgal/d) were used

for irrigation, 26 percent (400 Mgal/d) for public-supply,

and 11 percent (177 Mgal/d) for self-supplied industrial uses.
The largest estimated water withdrawals were from stream-
valley aquifers associated with the South Platte (404 Mgal/d),
Arkansas (395 Mgal/d), and Ohio (221 Mgal/d) Rivers.

Introduction

The U.S. Geological Survey (USGS) National Water
Use Information Program (NWUIP) compiles estimates of
fresh ground-water withdrawals in the United States on a
5-year interval. Water-use reports that present the compila-
tions are accessible on the World Wide Web (online) at http://
water.usgs.gov/watuse/50years.html, and the compilation data
grouped by county and watershed are accessible at http://
water.usgs.gov/watuse/. In this report, the compilation of inter-
est is for the year 2000 and is referred to as the 2000 compila-
tion. As part of the 2000 compilation, the USGS estimated
ground-water withdrawals for 66 principal aquifers and aquifer
systems and an Other! aquifer group. The Other aquifer group
includes withdrawals from aquifers that were not included
in one of the principal aquifers. The resulting publication,
“Estimated Withdrawals from Principal Aquifers in the United
States, 2000” (Maupin and Barber, 2005), which is acces-
sible online at http://pubs.usgs.gov/circ/2005/1279, includes
estimated freshwater withdrawals for the water-use categories
of irrigation, public supply, and self-supplied industrial. The
three categories of use represented 92 percent of total ground-
water use in the United States in 2000 (Maupin and Barber,
2005).

Most of the principal aquifers and aquifer systems are
equivalent to major aquifers and aquifer systems described

' The specific term Other aquifers, denoted with italics, is used to refer
to withdrawals from various miscellaneous aquifers and water-bearing units
reported as “Other” aquifers by Maupin and Barber (2005).
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by Miller (2000) in the “Ground Water Atlas of the United
States” (hereafter called the atlas) and are depicted on the
map of the “Principal Aquifers of the 48 conterminous United
States, Hawaii, Puerto Rico, and the U.S. Virgin Islands”
(hereafter called the principal aquifer map) (U.S. Geological
Survey, 2003). Although Alluvial? and Other aquifers (Maupin
and Barber, 2005) are not shown on the principal aquifer map,
large withdrawals were assigned to these two general aqui-
fers. Stream-valley aquifers were not specifically identified
by Maupin and Barber (2005); however, the NWUIP recog-
nized the importance of stream-valley aquifer withdrawals.
The aquifer group, Alluvial aquifers, was expected to include
withdrawals from stream-valley aquifers and other alluvial
materials.

Withdrawals from the Alluvial (1,800 Mgal/d [million
gallons per day]) and Other (1,160 Mgal/d) aquifers were the
10th and 11th largest, respectively, within the ranking of total
withdrawals from the 67 aquifers and aquifer systems in the
United States in 2000 (Maupin and Barber, 2005). Further
investigation of withdrawals from Alluvial and Other aquifers
was needed to (1) improve the knowledge of regional water
availability and use, and (2) refine (disaggregate and redis-
tribute) withdrawals assigned to Alluvial and Other aquifers
to determine whether another potentially important aquifer
group—stream-valley aquifers—provides substantial amounts
of freshwater for irrigation, public-supply, and self-supplied
industrial uses.

Background

Identification and compilation of withdrawals from
stream-valley aquifers will provide information useful to water
managers and the USGS water-resources monitoring and
assessment programs. In particular, refined water-withdrawal
data will assist the USGS National Water-Quality Assessment
(NAWQA) Program in addressing its long-term goals: the
description of the status and trends in the quality of a large,
representative part of the Nation’s surface and ground-water
resources, and the identification of the major natural and
human factors that affect the quality of these resources. In
2001, the NAWQA Program began ground-water investiga-
tions that focused on regional assessments based on a frame-
work of principal aquifers that provide the majority of water
used in the United States (Lapham and others, 2005). The
studies included 19 of the principal aquifers (Lapham and oth-
ers, 2005) shown on the principal aquifer map (U.S. Geologi-
cal Survey, 2003). The criteria for selecting the 19 study sites
included the analysis of withdrawals from aquifers described
by the NWUIP, which provided a means to prioritize and rank
principal aquifers and aquifer systems on the basis of total

2 In this report, the general term “alluvial aquifers” refers to unconsolidated
sand and gravel aquifers that typically consist of sediments deposited by
rivers and streams. The term Alluvial aquifers denoted with italics, refers to
withdrawals from alluvial-type deposits that were not represented in any other
aquifer or aquifer system, as reported by Maupin and Barber (2005).

annual withdrawals. Withdrawal estimates from stream-valley
aquifers will improve the knowledge of the nature and loca-
tions of the specific aquifers represented by Alluvial and Other
aquifers in Maupin and Barber (2005), and will further assist
the NAWQA Program in its overall evaluation of ground-
water-quality assessments of aquifers that provide the larg-

est withdrawals nationwide. In 2004, the NAWQA Program
began a study of withdrawals from Alluvial and Other aquifers
described in Maupin and Barber (2005) to determine whether
any withdrawal amount could be reassigned to stream-valley
aquifers or various other relatively less important (local or
regional) aquifers.

Purpose and Scope

This report describes estimated fresh ground-water
withdrawals for irrigation, public-supply, and self-supplied
industrial uses from stream-valley aquifers in the United States
for the year 2000, which were refined from estimated with-
drawals from Alluvial aquifers, selected principal aquifers, and
Other aquifers described by Maupin and Barber (2005). The
report includes a summary of estimated stream-valley aquifer
withdrawals at the state level and a brief national overview of
the results of this investigation. Discussions, maps, and tables,
grouped by states and water-resources regions, provide an
understanding of the distribution of withdrawals from spe-
cific stream-valley aquifers. The section presented by states
includes (for each state) a brief description of efforts to refine
the data and tabulated withdrawals for the three water-use
categories; supporting information on each state’s sources of
data for the 2000 compilation is included in appendix 1. The
relative importance of withdrawals from Alluvial and Other
aquifers in comparison to withdrawals from other principal
aquifers within a state is discussed. The section presented by
water-resources regions includes tabulated withdrawals within
the USGS two-digit hydrologic unit codes (HUC’s) (Seaber
and others, 1987).

The data presented represent the amount of water with-
drawn from aquifers at the point of the well. There are no
double-accounted withdrawals for a stream-valley aquifer. In
this report, the amount of water withdrawn from a stream-val-
ley aquifer and reported by a state is not included in a reported
value for another state with a stream-valley aquifer of the
same name. An interbasin transfer of water from stream-valley
aquifers can not be determined from the data collected. The
estimated withdrawals are rounded to three significant figures.
All values are rounded independently; therefore, the sums of
individual rounded numbers may not equal the totals. Appen-
dix 2 lists selected water-withdrawal data from Maupin and
Barber (2005) that are used in the current report.

Description of Study Area

Twenty-four states and the Commonwealth of Puerto
Rico (Puerto Rico) are included in the study area (fig. 1).
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These states and Puerto Rico were identified as areas where
stream-valley aquifer withdrawals could be present based in
large part on the atlas (Miller, 2000). Many of these states and
Puerto Rico reported withdrawals for Alluvial and/or Other
aquifers in 2000 (Maupin and Barber, 2005). Withdrawals
from Alluvial aquifers were reported for 16 States—Colorado,
Kansas, Kentucky, Louisiana, Missouri, Montana, North
Dakota, Nebraska, Ohio, Oklahoma, South Dakota, Tennes-
see, Texas, Utah, West Virginia, and Wyoming. Six additional
States—Arizona, I1linois, Indiana, New Mexico, New York,
and Pennsylvania and Puerto Rico—reported 2000 withdraw-
als from Other aquifers (Maupin and Barber, 2005). Two
States—Arkansas and New Jersey—were investigated because
information presented in the atlas (Miller, 2000) indicated the
possible presence of stream-valley aquifers.

The study area generally excluded areas that lie com-
pletely within the maximum extent of Quaternary continen-
tal glaciation, areas west of the Rocky Mountain/Colorado
Plateau region, and areas coincident with the North Atlantic
Coastal Plain aquifer systems, Basin and Range basin-fill
aquifers, and Northern Rocky Mountains Intermontane Basins
aquifer system (U.S. Geological Survey, 2003). Within the

67° 30

18°30' g 85’
B
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020 KILOMETERS

Caribbean
Sea

Location of the study area in the contiguous United States and the Commonwealth of Puerto Rico.

study area, the areal extent of the High Plains aquifer and gla-
ciated areas also were excluded from the investigation (fig. 1).
In these excluded areas, stream-valley aquifers and their with-
drawals typically cannot be differentiated from other principal
aquifers consisting of the same types of lithologic materials.

Aquifer Terminology

A principal aquifer, as used in this report and in the
principal aquifer map of the National Atlas of the United
States (U.S. Geological Survey, 2003), is defined as a region-
ally extensive aquifer or aquifer system that has the potential
to be used as a source of potable water. Alluvial aquifers
and glacial sand and gravel aquifers are considered principal
aquifers (U.S. Geological Survey, 2003; Maupin and Barber,
2005). Alluvial aquifers consist of sediments deposited by
rivers and streams that are present in or near existing major
streams (Maupin and Barber, 2005), but the aquifers also
include terrace deposits and unconsolidated sediments
deposited by ancient streams. Some eolian deposits or
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wind-blown sediments in Colorado were included in

Alluvial aquifers (Maupin and Barber, 2005). For the purpose
of this report, stream-valley aquifers are alluvial sand and
gravel aquifers that are in direct hydraulic connection with
an existing stream or river. Stream-valley aquifers are similar
to alluvial-valley aquifers described by Rosenshein (1988,

p- 174) and alluvial valleys described by Heath (1984, p. 59).
Rosenshein (1988) defined alluvial-valley aquifers to be long
but narrow aquifers that “are in hydraulic connection with
associated streams,” and that “are of limited areal extent in
comparison to most aquifer systems, [but] they are among
the most intensively used.” Heath (1984, p. 58) defined
alluvial valleys as “thick sand and gravel deposits beneath
floodplains and terraces of streams.” Heath (1984, p. 59) used
three criteria to distinguish alluvial valleys. These criteria are
as follows:

1. The valleys contain sand and gravel deposits thick enough
to supply water to wells at moderate to large rates. [Com-
monly, the water-transmitting capacity of the sand and
gravel is at least 10 times larger than that of the adjacent
(enclosing) rocks.]

2. The sand and gravel deposits are in hydraulic contact with
a perennial stream which serves as a source of recharge
and whose flow normally far exceeds the demand from
any typical well field.

3. The sand and gravel deposit occurs in a clearly defined
band (‘channel’) that normally does not extend beyond
the floodplain and adjacent terraces. (In other words, the
width of the deposit is small or very small compared with
its length.)

Figure 2 shows two hydrogeologic settings that illustrate
the nature of stream-valley aquifers. On the left side of the
figure, the sand and gravel aquifer is clearly defined within
the alluvial floodplain and in hydraulic contact with the
river. Recharge to wells screened in the alluvial floodplain is
provided directly by precipitation or by infiltration from the
river. This setting meets some of the criteria for stream-valley
aquifer designation. On the right side of figure 2, the sand
and gravel deposits in a buried river valley may have water-
transmitting capacity greater than adjacent rocks, but recharge
is reduced to the volume that passes through the overlying clay
and silt. There is no direct hydraulic connection to an existing
river. The setting on the right side of the figure does not meet
the criteria for stream-valley aquifer designation but the sedi-
ments deposited by ancient streams may transmit sufficient
water to wells to be classified as an alluvial aquifer.

In the atlas, stream-valley aquifers are defined as alluvial
aquifers “located beneath channels, floodplains, and terraces
in the valleys of major streams” (Miller, 2000, p. A6). Miller
(2000) further states that, “stream-valley aquifers are not
shown [on the principal aquifer map] because they are too
small to map accurately at the scale of the figure.” However,
the most important stream-valley aquifers are mapped in the
further descriptive atlas chapters and provide a guide for this
investigation.

Glacial sand and gravel aquifers are unconsolidated
deposits of sand, gravel, and silt and clay located north of
the limit of Quaternary continental glaciation and east of
the Rocky Mountains. Large areas of North America were
subjected to episodes of continental glacial advances and
retreats over millions of years. After each retreat, the glaciers
left thick sequences of sediments (collectively called glacial
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Figure 2. Diagrammatic section of hydrogeologic setting of two alluvial aquifers. The alluvial aquifer on the left meets the definition of

a stream-valley aquifer, but the alluvial aquifer on the right does not.



drift) in basins and valleys. Materials deposited by the glacial
ice may vary in size from clay to boulders and be unsorted and
unstratified. Vast amounts of fluvial material (glacial outwash)
were carried away from the glaciers by streams and rivers
originating from the melting glaciers. Over time, more recent
(Holocene) alluvial deposits were deposited and reworked.
Glacial sand and gravel aquifers often are not distinguishable
from overlying stream-valley aquifers that are present beneath
and along rivers and streams.

Approach and Estimation Methods

In this report, ground-water withdrawals reported from
Alluvial and Other aquifers in Maupin and Barber (2005)
that meet the definition of stream-valley aquifers are identi-
fied. Residual Alluvial aquifer withdrawals from deposits that
do not fit the definition of a stream-valley aquifer also are
identified. Elevated terrace deposits in Oklahoma and eolian
sand and isolated terrace deposits in Colorado are examples
of deposits that do not meet the definition of a stream-valley
aquifer although they are considered Alluvial aquifers in this
report.

There are instances where withdrawals were reclassi-
fied based upon this analysis. For example, some year-2000
withdrawals from counties south of the extent of Quaternary
continental glaciation previously assigned to glacial sand and
gravel aquifers (Maupin and Barber, 2005) were reclassified
as stream-valley aquifer withdrawals. If withdrawals from
Alluvial or Other aquifers could not be disaggregated and
assigned to a specific aquifer or aquifer system, the withdraw-
als remained assigned to Alluvial or Other aquifers. Thus
estimated withdrawals from stream-valley aquifers associated
with specific rivers, creeks, or areas represent a minimum
estimate. Nevertheless, this estimate provides a quantitative
assessment on their importance and, as such, this estimate may
be useful for researchers evaluating ground-water resources at
regional and national scales.

All data and supporting information were gathered
from USGS offices or state agencies. Supporting information
includes, for example, owner name, county, aquifer extent,
eight-digit HUC, well location, well depth, and well diameter.
Water-use and ground-water data used to assign withdrawals
to aquifers were obtained from USGS water-use specialists
in states in the study area. Sources and details of the data
provided by the specialists are listed in appendix 1. Additional
data for selected states were obtained from the USGS National
Water Information System Ground-Water Site-Inventory
System (GWSI) data base (U.S. Geological Survey, 1998).
Potential sources of water-use information and guidelines for
estimating water use for the 2000 compilation are described by
Kenny (2004).

Maps in the atlas show the areal extent of stream-
valley aquifers from which withdrawals could be estimated.
USGS HUC maps (Seaber and others, 1987) and state
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watershed maps were used to assign stream-valley aquifer
withdrawals to river basins and water-resources regions. In
general, if the information was available, the smallest-
size tributary name was used to designate a stream-valley
aquifer.

The estimation of stream-valley aquifer withdrawals
required the collecting, assessing, and joining of water-use,
ground-water, and surface-water data. Water-use data typically
included withdrawal rate, water source (ground water
or surface water), category (irrigation, public supply, or
self-supplied industrial), and Standard Industrial Classifica-
tion (SIC) code (Office of Management and Budget, 1987).
Ground-water data typically included well identifier, well
location, aquifer unit of the screened interval, well use, well
owner, well depth, well status, and well permit number.
Surface-water data typically included river name, HUC’s, and
state watershed name. Because this was a multistate study, all
data characterization had to be equivalent across state lines. In
states where water-use data were assigned a SIC code, the SIC
code was used to separate industrial from commercial water
use, and to make comparable the self-supplied industrial water
use throughout the study area.

A combination of site-specific and aggregate (non-site
specific) data were available. Site-specific data include loca-
tions of individual wells or facilities where water is with-
drawn. Aggregate data do not include specific locations of
wells or facilities. Data are grouped by area, such as a county
or watershed. In some states, water-use data (withdrawal
rate, source, and use) were aggregated at the county level,
but ground-water data (wells and associated data) were site
specific.

Two analytical methods were used to estimate stream-
valley aquifer withdrawals. The site-specific method was
used to link water-use, ground-water, and surface-water data
sets to specific locations. Using this method, withdrawals
from each well can be grouped by location or other attributes,
and totaled to estimate stream-valley aquifer withdrawals.
The locations of some wells were compared with maps of
watersheds and aquifers to determine stream-valley aquifer
withdrawals.

An aggregate method was applied when site specific
data were not available. The aggregate method typically
was used to estimate withdrawals by making an assumption
about the data and using knowledge of an area. In some
states, a combination of both methods (aggregate and site
specific) was used to estimate withdrawals. For example,
withdrawal rates at individual irrigation wells in a county
were not known, but ground-water withdrawals for irrigation
were estimated based on county crop acreage and irrigation
application rates (aggregate data) (Kenny, 2004). If the
atlas indicates that only one stream-valley aquifer is present
and no other alluvial deposits are present in the county,
and well data indicate all irrigation wells are shallow and
screened in alluvial material, the decision was made to assign
all irrigation withdrawals in the county to the stream-valley
aquifer.
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Summary of Refined Estimated
Withdrawals from Selected Aquifers in
the United States, 2000

The analysis and disaggregation of ground-water
withdrawals from Alluvial aquifers, selected principal aquifers,
and Other aquifers as published in Maupin and Barber (2005)
resulted in the identification of withdrawals of 1,560 Mgal/d
from stream-valley aquifers in 20 states (table 1). This with-
drawal rate is comparable to withdrawals from the 10th most
productive principal aquifer in the United States (Maupin
and Barber, 2005). Of the withdrawals attributed to stream-
valley aquifers, 1,240 Mgal/d were disaggregated from
Alluvial aquifers, 150 Mgal/d from glacial sand and gravel
aquifers, 116 Mgal/d from Other aquifers, 28.1 Mgal/d from
Pennsylvanian aquifers, and 24.9 Mgal/d from the Mississippi
River Valley alluvial aquifer.

Ground-water withdrawals from stream-valley
aquifers for each state are listed in table 2, which indicates
that Colorado (552 Mgal/d), Kansas (384 Mgal/d), Oklahoma
(126 Mgal/d), Kentucky (102 Mgal/d), and Ohio (100 Mgal/d)
accounted for most (81 percent) of the total withdrawals from
stream-valley aquifers. Of this total, 984 Mgal/d (63 percent)
was for irrigation, 400 Mgal/d (26 percent) for public supply,
and 177 Mgal/d (11 percent) for self-supplied industrial uses.
The largest estimated water withdrawals were from stream-
valley aquifers associated with the South Platte (404 Mgal/d),
Arkansas (395 Mgal/d), and Ohio (221 Mgal/d) Rivers.

Estimated Withdrawals from Stream-
Valley Aquifers

States and the Commonwealth of Puerto Rico

Withdrawals for irrigation, public supply, and self-
supplied industrial uses from Alluvial and Other aquifers in
each state in the study area were analyzed and, where applica-
ble, assigned to stream-valley aquifers (table 3). Twenty states
were determined to have withdrawals from stream-valley aqui-
fers. In some states, such as Louisiana, a portion of withdraw-
als from Alluvial aquifers were determined to be attributable to
other principal aquifers, and the withdrawals were reassigned
(table 1). Where possible, withdrawals from Other aquifers
were disaggregated to withdrawals from specific aquifers or
aquifer systems. The results of the disaggregation of Other
aquifers are tabulated in table 4, by state, aquifer or water-
bearing unit, and water-use category.

Arizona

In 2000, total ground-water withdrawals for all catego-
ries of use in Arizona were about 3,420 Mgal/d (Hutson

and others, 2004). About 95 percent of the withdrawals
(3,240 Mgal/d) were for public-supply, self-supplied indus-
trial, and irrigation uses, and were assigned to three principal
and Other aquifers (Maupin and Barber, 2005) (appendix 2).
No withdrawals were assigned to Alluvial aquifers in Arizona
in 2000. Withdrawals from Other aquifers (88.2 Mgal/d)
accounted for about 3 percent of the withdrawals from prin-
cipal and Other aquifers in Arizona and were used for public
supply (58.3 Mgal/d) and irrigation (29.9 Mgal/d) (appendix
2). No withdrawals from Other aquifers could be attributed to
stream-valley aquifers in Arizona. All Other aquifer withdraw-
als were attributed to withdrawals in the Central Highlands
Province (fig. 3).

Arkansas

In 2000, total ground-water withdrawals for all catego-
ries of use in Arkansas were 6,920 Mgal/d (Hutson and
others, 2004). About 97 percent (6,710 Mgal/d) of the with-
drawals were for public-supply, self-supplied industrial,
and irrigation uses, and were assigned to four principal aqui-
fers, including the Mississippi River Valley alluvial aquifer
(Maupin and Barber, 2005) (fig. 4, appendix 2). Estimated
withdrawals from the Mississippi River Valley alluvial aquifer
were 6,370 Mgal/d, including 6,320 Mgal/d for irrigation,
40.5 Mgal/d for public-supply, and 5.74 Mgal/d for self-
supplied industrial uses (appendix 2). No withdrawals were
assigned to Alluvial or Other aquifers in Arkansas in 2000
(Maupin and Barber, 2005).

Withdrawals of 24.9 Mgal/d in Arkansas were reas-
signed from the Mississippi River Valley alluvial aquifer to
stream-valley aquifers associated with the Red (17.5 Mgal/d),
Arkansas (7.22 Mgal/d), and Ouachita-Saline Rivers (0.21
Mgal/d) (fig. 4, table 3). About 77 percent (19.1 Mgal/d) of
the withdrawals were for irrigation. The reassignment reduced
withdrawals from the Mississippi River Valley alluvial aquifer
for the three water-use categories by less than 1 percent to
6,350 Mgal/d (table 1).

Colorado

In 2000, total ground-water withdrawals for all catego-
ries of use in Colorado were about 2,320 Mgal/d (Hutson and
others, 2004). About 96 percent (2,230 Mgal/d) of the with-
drawals were for public-supply, self-supplied industrial, and
irrigation uses, and were assigned to five principal and Other
aquifers (Maupin and Barber, 2005) (appendix 2). Withdraw-
als from Alluvial (496 Mgal/d) and Other (114 Mgal/d)
aquifers accounted for 27 percent of the withdrawals from
principal aquifers and Other aquifers (appendix 2). With-
drawals were mostly for irrigation from Alluvial aquifers
(482 Mgal/d), and to a lesser degree from Other aquifers
(89.4 Mgal/d) (appendix 2).

A total of 552 Mgal/d, 478 Mgal/d from Alluvial aquifers
and about 73.9 Mgal/d from Other aquifers (table 1), were



Estimated Withdrawals from Stream-Valley Aquifers

Table 1. Summary of original (Maupin and Barber, 2005) and revised estimated withdrawals from principal and Other aquifers, and

estimated withdrawals attributed to stream-valley aquifers.

[Values have been rounded]

7

Withdrawals, in million gallons per day

State Principal aquifer or aquifer group Original total withdrawals Revised total . _Wlthdrawals
. . Difference attributed to stream-
(Maupin and Barber, 2005)  withdrawals .
valley aquifers

Arkansas Mississippi River Valley alluvial aquifer 6,370 6,350 -24.9 24.9
Colorado Other aquifers 114 40.5 -73.9

Alluvial aquifers 496 17.8 -478

Sum of previous two differences -552 552
Illinois Glacial sand and gravel aquifers 413 403 -9.58

Mississippi River Valley alluvial aquifer .00 2.44 +2.44

Sum of previous two differences -7.14 7.14
Indiana Glacial sand and gravel aquifers 455 416 -38.5 38.5
Kansas Alluvial aquifers 435 51.0 -384 384
Kentucky Alluvial aquifers 123 21.6 -102 102
Louisiana Alluvial aquifers 6.78 .00 -6.78

Coastal Lowlands aquifer system 1,040 1,040 +2.35

Mississippi River Valley alluvial aquifer 283 284 +1.51

Sum of previous three differences -2.93 2.93
Missouri Alluvial aquifers 176 122 -54.4 54.4
Montana Alluvial aquifers 33.6 26.3 -7.24 7.24
Nebraska Alluvial aquifers 150 147 -2.61 2.61
New York Glacial sand and gravel aquifers 263 259 -4.07 4.07
Ohio Glacial sand and gravel aquifers 421 321 -100 100

Alluvial aquifers 53.0 53.0 .0
Oklahoma Alluvial aquifers 128 1.62 -126 126
Pennsylvania Other aquifers 109 67.2 -42.1

Pennsylvanian aquifers 43.6 15.5 -28.1

Sum of previous two differences -70.2 70.2
South Dakota Alluvial aquifers 40.2 26.6 -13.6 13.6
Tennessee Alluvial aquifers 2.43 0.13 -2.30 2.30
Texas Alluvial aquifers 12.6 .00 -12.6 12.6
Utah Basin and Range basin-fill aquifers 679 678 -0.77

Alluvial aquifers! 31.6 7.5 -24.1

Sum of previous two differences -24.8 24.8
West Virginia Alluvial aquifers 21.5 .16 -21.3 21.3
Wyoming Alluvial aquifers 67.1 57.5 -9.59 9.59
Total estimated withdrawals attributed to stream-valley aquifers 1,560

' Withdrawals of 0.77 Mgal/d from Basin and Range basin-fill aquifers were reassigned to Alluvial aquifers in Utah.
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Table 2. Total estimated withdrawals from stream-valley aquifers
associated with major rivers, by state, 2000.

[Values have been rounded]

State Total estimated withdrawals,
in million gallons per day

Arkansas 24.9
Colorado 552
Illinois 7.14
Indiana 38.5
Kansas 384
Kentucky 102
Louisiana 2.93
Missouri 544
Montana 7.24
Nebraska 2.61
New York 4.07
Ohio 100
Oklahoma 126
Pennsylvania 70.2
South Dakota 13.6
Tennessee 2.30
Texas 12.6
Utah 24.8
West Virginia 21.3
Wyoming 9.59
Total 1,560

attributed to stream-valley aquifers associated with the South
Platte (404 Mgal/d) and Arkansas (134 Mgal/d) Rivers, and
miscellaneous rivers in mountainous areas (14.6 Mgal/d)

(fig. 5, table 3). The withdrawals were used mostly for irriga-
tion (526 Mgal/d). The revised total Alluvial aquifers with-
drawals (17.8 Mgal/d, table 1) were attributed to eolian sands
and isolated terrace deposits, and were used mostly for irriga-
tion (15.2 Mgal/d, table 3).

The reassignment reduced withdrawals from Other aqui-
fers by about 65 percent to 40.5 Mgal/d (table 1). The with-
drawals were attributed to seven bedrock aquifers and were
used mostly for irrigation (30.1 Mgal/d, table 4).

[llinois

In 2000, total ground-water withdrawals for all categories
of use in Illinois were about 813 Mgal/d (Hutson and others,
2004). About 78 percent (634 Mgal/d) of the withdrawals were

for public-supply, self-supplied industrial, and irrigation uses,
and were assigned to five principal aquifers, including glacial
sand and gravel aquifers and Other aquifers (Maupin and
Barber, 2005) (appendix 2). Withdrawals from glacial sand
and gravel aquifers (413 Mgal/d) accounted for 65 percent

of total withdrawals from principal and Other aquifers, and
included 181 Mgal/d for public-supply, 140 Mgal/d for irriga-
tion, and 91.9 Mgal/d for self-supplied industrial uses (appen-
dix 2). No withdrawals were assigned to the Mississippi River
Valley alluvial aquifer (fig. 6) or Alluvial aquifers in Illinois
in 2000 (Maupin and Barber, 2005). Total withdrawals from
Other aquifers were 10.9 Mgal/d (appendix 2). No withdraw-
als from Other aquifers could be attributed to stream-valley
aquifers.

Withdrawals of 7.14 Mgal/d for irrigation and public-
supply uses in Illinois were reassigned from glacial sand and
gravel aquifers to stream-valley aquifers (table 3). The with-
drawals were 5.52, 1.19, and 0.43 Mgal/d from stream-valley
aquifers associated with the Ohio River, the Mississippi River
below St. Louis, and the Wabash River, respectively (fig. 6,
table 3).

Withdrawals of 2.44 Mgal/d were reassigned from gla-
cial sand and gravel aquifers to the Mississippi River Valley
alluvial aquifer (fig. 6, table 1). The withdrawals included
1.63 Mgal/d for irrigation and 0.81 Mgal/d for public-supply
uses (table 3). The reassignments of withdrawals reduced total
withdrawals from glacial sand and gravel aquifers in Illinois
by 9.58 Mgal/d, about 2 percent (table 1).

Indiana

In 2000, total ground-water withdrawals for all catego-
ries of use in Indiana were 656 Mgal/d (Hutson and others,
2004). About 76 percent (500 Mgal/d) of the withdrawals
were for public-supply, self-supplied industrial, and irrigation
uses, and were assigned to four principal and Other aquifers
(Maupin and Barber, 2005) (appendix 2). No withdrawals
were assigned to Alluvial aquifers in Indiana in 2000. With-
drawals from glacial sand and gravel aquifers (455 Mgal/d)
accounted for 91 percent of total withdrawals from principal
and Other aquifers, and included 309 Mgal/d for public-sup-
ply, 94.9 Mgal/d for self-supplied industrial, and 50.6 Mgal/d
for irrigation uses. Total withdrawals from Other aquifers were
0.10 Mgal/d. No withdrawals from Other aquifers were attrib-
uted to stream-valley aquifers.

Withdrawals of 38.5 Mgal/d were reassigned from
glacial sand and gravel aquifers to stream-valley aquifers
in Indiana (table 1). The withdrawals were 37.0, 1.19, and
0.37 Mgal/d from stream-valley aquifers associated with the
Ohio River, the Lower East Fork White River, and the Wabash
River, respectively (fig. 7, table 3). The withdrawals included
33.0 Mgal/d for public-supply, 4.98 Mgal/d for self-supplied
industrial, and 0.51 Mgal/d for irrigation uses. The reas-
signment of withdrawals reduced withdrawals from glacial
sand and gravel aquifers in Indiana by about 8 percent, to
416 Mgal/d (table 1).



Table 3. Estimated withdrawals for irrigation, public-supply, and self-supplied industrial uses from stream-valley aquifers associated

with major rivers and principal aquifers in 20 States, 2000.

[Values have been rounded]
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Aquifer or water-bearing unit

Withdrawals, in million gallons per day (Mgal/d),
by water-use category

Public Self-supplied

Irrigation supply industrial Total
Arkansas
Stream-valley aquifer associated with major river
Arkansas River 3.60 3.60 0.02 7.22
Ouachita-Saline River .05 .14 .02 21
Red River 15.4 1.81 24 174
Subtotal 19.1 5.55 .28 24.9
Mississippi River Valley alluvial aquifer! 6,300 35.0 5.46 6,350
Total 6,320 40.6 5.74 6,370
Colorado
Stream-valley aquifer associated with major river
Arkansas River 129 3.48 1.25 134
South Platte River 387 5.87 10.8 404
Miscellaneous rivers in mountainous areas 9.85 3.86 94 14.6
Subtotal 526 13.2 13.0 552
Eolian sands and isolated terrace deposits 15.2 1.86 74 17.8
Total? 541 15.1 13.7 570
[llinois®
Stream-valley aquifer associated with major river (disaggregated
from glacial sand and gravel aquifers)
Mississippi River below St. Louis 41 78 .00 1.19
Ohio River 247 3.05 .00 5.52
Wabash River .00 43 .00 43
Subtotal 2.88 4.26 .00 7.14
Withdrawal disaggregated from glacial sand and gravel aquifers 1.63 81 .00 2.44
to the Mississippi River Valley alluvial aquifer
Total 4.51 5.07 .00 9.58
Indiana
Stream-valley aquifer associated with major river (disaggregated
from glacial sand and gravel aquifers)
Lower East Fork White River .00 1.09 .10 1.19
Ohio River 14 32.0 4.88 37.0
Wabash River 37 .00 .00 37
Total 51 33.0 4.98 38.5
Kansas
Stream-valley aquifer associated with major river
Arkansas River 184 26.3 17.8 228
Big Blue River 31 291 .00 322
Cimarron River 5.08 51 .00 5.59
Kansas River 3.01 1.53 3.04 7.58
Marais des Cygnes River 00 05 .00 05
Neosho River 21 33 .01 55
Republican River 64.3 9.40 .10 73.8
Saline River 2.74 55 .00 3.29
Smoky Hill River 21.2 8.56 .02 29.8
Solomon River 18.9 3.31 .00 22.2
Verdigris River 00 13 .00 13
Walnut River 8.90 57 .05 9.52
Subtotal 309 54.1 21.0 384
Withdrawal disaggregated from areas north of the line of 18.2 27.2 6.09 51.0

Quaternary continental glaciation

Total
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Table 3. Estimated withdrawals for irrigation, public-supply, and self-supplied industrial uses from stream-valley aquifers associated
with major rivers and principal aquifers in 20 States, 2000—Continued.

[Values have been rounded]

Aquifer or water-bearing unit

Withdrawals, in million gallons per day (Mgal/d),

by water-use category

Public

Self-supplied

Irrigation supply industrial Total
Kentucky
Stream-valley aquifer associated with major river (disaggregated
from Alluvial aquifers)
Ohio River 0.00 40.8 60.9 102
Alluvial aquifers, withdrawals may be from areas north of the .00 6.35 15.2 21.6
line of Quaternary continental glaciation
Total .00 47.2 76.1 123
Louisiana
Stream-valley aquifer associated with major river
Red River 2.77 .16 .00 2.93
Alluvial aquifers withdrawals reassigned to a principal aquifer
Coastal lowlands aquifer system 2.35 .00 .00 2.35
Mississippi River Valley alluvial aquifer 1.51 .00 .00 1.51
Subtotal 3.85 .00 .00 3.85
Total 6.62 .16 .00 6.78
Missouri
Stream-valley aquifer associated with major river
Mississippi River below St. Louis .00 3.24 29 3.53
Missouri River 1.23 46.6 2.27 50.1
South Grand River 21 .19 .00 40
Osage River .33 .07 .00 40
Subtotal 1.77 50.1 2.56 544
Withdrawal disaggregated from areas north of the line of Qua- 57.2 55.8 8.52 122
ternary continental glaciation
Total 59.0 106 11.1 176
Montana
Stream-valley aquifer associated with major river
Little Missouri River 32 .08 .00 40
Yellowstone River 5.20 1.54 .10 6.84
Subtotal 5.52 1.62 .10 7.24
Alluvial aquifers, withdrawal not disaggregated 16.2 9.48 .67 26.3
Total 21.7 11.1 77 33.6
Nebraska
Stream-valley aquifer associated with major river
Big Blue River .00 .00 1.67 1.67
Missouri River .07 .80 .07 .94
Subtotal 07 .80 1.74 2.61
Alluvial aquifers, withdrawal not disaggregated 92.1 49.2 5.94 147
Total 92.2 50.0 7.68 150
New York
Stream-valley aquifer associated with the following river
Allegheny River .00 4.07 .00 4.07
Withdrawal from Cattarougus County not disaggregated .00 3.37 2.68 6.05
Total .00 7.44 2.68 10.1
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Table 3. Estimated withdrawals for irrigation, public-supply, and self-supplied industrial uses from stream-valley aquifers associated
with major rivers and principal aquifers in 20 States, 2000—Continued.

[Values have been rounded]

Withdrawals, in million gallons per day (Mgal/d),
by water-use category

Aquif ter- i it
quifer or water-bearing uni Public Self-supplied

Irrigation supply industrial Total
Ohio
Stream-valley aquifer associated with major river (disaggregated
from glacial sand and gravel aquifers)
Hocking River 0.00 4.32 0.00 4.32
Miscellaneous rivers and creeks .00 24 .00 24
Muskingum River .00 15.7 1.98 17.7
Ohio River .00 234 6.73 30.1
Sandy Creek .00 1.32 28 1.60
Scioto River .00 6.60 .01 6.61
Tuscarawas River 12 17.4 14.2 31.6
Walhonding River .00 8.18 .00 8.18
Total 12 77.1 23.2 100
Oklahoma
Stream-valley aquifer associated with major river
Arkansas River 11.7 11.3 3.03 26.0
Canadian River 8.27 4.59 .01 12.9
Cimarron River 12.7 12.4 .06 25.1
North Canadian River 12.4 114 44 243
Red River 23.7 7.81 .02 31.5
Washita River 5.43 95 .00 6.38
Subtotal 74.2 48.4 3.55 126
Alluvial aquifers, withdrawal disaggregated to isolated terrace deposit
Enid isolated terrace deposits 29 .58 .00 .87
Gerty Sands .06 .14 .00 .20
Isolated terrace deposits south of the Canadian River .00 .16 .00 .16
Isolated terrace deposits south of the Washita River .00 .03 .00 .03
Odee Formation .36 .00 .00 .36
Subtotal .70 92 .00 1.62
Total 74.9 49.3 3.55 128
Pennsylvania
Stream-valley aquifer associated with major river
Allegheny River .00 13.0 26.3 394
Beaver River .00 1.13 .30 1.43
Delaware River .00 .10 .00 .10
Miscellaneous Rivers .00 .01 .00 .01
Monongahela River .00 91 2.44 3.35
Ohio River .00 10.4 15.5 259
Total .00 25.6 44.6 70.2
South Dakota
Stream-valley aquifer associated with major river or creek
Bear Butte Creek .08 .00 .00 .08
Belle Fourche River .01 .00 .00 .01
Cheyenne River .05 13.2 .14 13.4
White River .05 .05 .00 .10
Subtotal .19 13.3 .14 13.6
Withdrawal in areas north of the line of Quaternary continental 24.5 1.88 07 26.5
glaciation (Missouri River)
Alluvial aquifers, withdrawal not disaggregated .10 .00 .00 .10

Total 249 15.1 21 40.2
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Table 3. Estimated withdrawals for irrigation, public-supply, and self-supplied industrial uses from stream-valley aquifers associated
with major rivers and principal aquifers in 20 States, 2000—Continued.

[Values have been rounded]

Withdrawals, in million gallons per day (Mgal/d),
by water-use category

Aquifer or water-bearing unit

Irrigation Public SP:If-supqlied Total
supply industrial
Tennessee
Stream-valley aquifer associated with major river
Tennessee River 0.00 2.30 0.00 2.30
Alluvial aquifers, withdrawal not disaggregated .03 .10 .00 A3
Total .03 2.40 .00 243
Texas
Stream-valley aquifer associated with major river
Brazos River 12.6 .01 .00 12.6
Utah
Stream-valley aquifer associated with major river
Bear River .89 .00 .00 .89
Duchesne River .89 .00 .00 .89
Fremont River 3.12 .00 .00 3.12
Provo River .89 53 .00 1.42
San Pitch River .00 22 47 .69
Sevier River 14.0 3.30 .00 17.3
Weber River .09 43 .00 .52
Subtotal 19.9 4.48 47 24.8
Alluvial aquifers, withdrawal not disaggregated but identified
Box Elder County .00 1.02 .00 1.02
Multiple counties 2.12 35 .00 247
Spring flows from glacial deposits other glacial sand and gravel .89 3.12 .00 4.01
aquifers (Uintah County)
Subtotal 3.01 4.49 .00 7.50
Total* 22.9 8.97 47 32.3
West Virginia
Stream-valley aquifer associated with major river
Kanawha River .00 .00 .09 .09
Monongahela River .00 .00 .03 .03
Ohio River .00 20.8 .39 21.2
Potomac River .00 .00 .01 .01
Subtotal .00 20.8 .52 21.3
Alluvial aquifers, withdrawal not disaggregated .00 .00 .16 .16
Total .00 20.8 .68 21.5
Wyoming
Stream-valley aquifers associated with major river or creek
Belle Fourche River 1.15 .00 .00 1.15
Niobrara River 5.77 .00 .00 5.77
Sand Creek 2.66 .00 .01 2.67
Subtotal 9.58 .00 .01 9.59
Alluvial aquifers, withdrawal not disaggregated 40.8 15.7 1.01 57.5
Total 50.4 15.7 1.02 67.1

! Total withdrawals from Mississippi River Valley alluvial aquifer do not equal total in appendix 1 because about 25 Mgal/d were identified to be from stream-
valley aquifers associated with the listed rivers.

2 Total withdrawals are greater than total Alluvial aquifers withdrawals in appendix 2 because withdrawals from Orher aquifers are assigned to stream-valley
aquifers associated with rivers or eolian sand and isolated terrace deposits.

3 llinois State Water Survey’s Public-Industrial-Commercial Database was a source of water-use data.

* Total public-supply withdrawals in this table are greater than total public-supply withdrawals from Alluvial aquifers (appendix 2) because 0.77 Mgal/d from
Basin and Range basin-fill aquifers were assigned to Alluvial aquifers. Total withdrawals also are greater.
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Table 4. Distribution of estimated withdrawals for irrigation, public-supply, and self-supplied industrial uses from aquifers and water-

bearing units disaggregated from withdrawals from Other aquifers in 10 States, 2000.

[Values have been rounded. Names and descriptions of aquifers and geologic units listed in this table are those used by various U.S. Geological Survey offices or
supplied by other agencies for water-use accounting purposes and do not necessarily correspond to officially recognized names or denote any official accep-
tances of these names and descriptions. However, the names and descriptions are included here to provide more detailed information of aquifers and aquifer units

disaggregated from Other]

Withdrawals, in million gallons per day,
by water-use category

State Aquifer or water-bearing unit - Public _ Self-supplied
Irrigation - . Total
supply industrial

Colorado! Colorado group 8.38 0.27 0.08 8.70

Dakota-Cheyenne aquifer 11.4 1.93 .20 13.5
Fractured crystalline-rock aquifers 4.08 4.92 47 9.50
Laramie-Fox Hills aquifer (outside Denver ground-water 243 A1 .08 2.60

basin)

Leadville Limestone group 1.30 78 .20 2.30
North, Middle, and South Park Basins 57 33 .08 1.00
Raton Basin 1.92 .55 .39 2.90

Total 30.1 8.90 1.50 40.5
Kansas Admine Group .00 A1 .00 A1
Bedrock .00 .35 .00 35
Belleville Formation .00 .00 .02 .02
Belleville/Meade/Grand Formation 3.29 .00 .00 3.29
Carlile Shale .00 .02 .01 .03
Chase Group .04 12 .00 .16
Cheyenne-Jurassic-Triassic 78 .00 .00 78
Colorado Group 44 .00 .00 44
Council Grove Group .00 .03 .00 .03
Cretaceous System .00 .06 .00 .06
Douglas Group .00 .01 .00 .01

Glacial Deposits (State defined) 12.3 .49 .00 12.8
Kansas Stage 21 .29 .00 .50
Meade Formation .00 54 .00 .54
Morrision Formation 24 .00 .00 24
Neppewalla Group .05 .03 .00 .08
Permian System .14 .00 .00 .14
Stranger Formation .00 18 .00 18
Sumner Group 11 .00 .00 A1

Unknown 65.7 2.87 .38 69.0
Wellington Formation 13 .00 .07 .20

Total 83.5 5.10 48 89.0

Nebraska Pliocene-Pleistocene aquifers 4.12 10.3 1.08 15.5
North Dakota Variously named aquifers, some in counties coincident with 2.34 4.28 44 7.06

glaciated regions

Ohio Cambrain-Ordovician and unknown aquifers .06 4.35 1.40 5.81
Oklahoma Atoka Formation .00 .26 .00 .26
Bison Shale .00 13 .00 13
Boggy Formation .04 .35 .00 .39
Cambrian System .00 .05 .00 .05
Cedar Hills Sandstone 23 .98 .00 1.21
Chickasha Formation .01 .18 .00 .19
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Table 4. Distribution of estimated withdrawals for irrigation, public-supply, and self-supplied industrial uses from aquifers and water-
bearing units disaggregated from withdrawals from Other aquifers in 10 States, 2000—Continued.

[Values have been rounded. Names and descriptions of aquifers and geologic units listed in this table are those used by various U.S. Geological Survey offices or
supplied by other agencies for water-use accounting purposes and do not necessarily correspond to officially recognized names or denote any official accep-
tances of these names and descriptions. However, the names and descriptions are included here to provide more detailed information of aquifers and aquifer
units disaggregated from Other]

Withdrawals, in million gallons per day,
by water-use category

State Aquifer or water-bearing unit .. Public _ Self-supplied
Irrigation . . Total
supply industrial
Oklahoma—Continued Cloud Chief Group 0.39 0.00 0.00 0.39
Cretaceous System 8.02 .00 .00 8.02
Dees Formation .00 .01 .00 .01
Dockum Group .09 .00 .00 .09
Doxey Shale 35 .00 .03 .38
Duncan Sandstone .00 23 .00 23
El Reno Group .00 22 .00 22
El Reno Group .03 .00 .00 .03
Elk City Sandstone 1.03 91 .00 1.94
Flowerpot Shale .09 .00 .00 .09
Hennessey Group .61 .10 .10 .81
Hoxbar Formation .00 .00 .04 .04
Marlow Formation 77 .53 .00 1.30
Mcalester Formation .00 .04 .00 .04
Post Oak Conglomerate .00 32 .00 32
Purcell Sandstone .00 32 .00 32
Purgatoire Formation 34 .00 .00 .34
Senore Formation .00 .08 .00 .08
Union Valley Formation .00 .07 .00 .07
Vanoss Group .00 18 .00 18
Wellingon Formation .00 .06 .00 .06
Wewoka Formation .57 .02 .00 .59
Whitehorse Group .68 .34 .00 1.02
Wichita Formation .00 22 .00 22
‘Woodbine Formation .00 23 .00 23
Total 13.3 5.83 17 19.3
Tennessee Knox Dolomite .04 .00 .01 .05
Texas Blossom Sand .00 .86 .00 .86
Bone Spring Limestone 204 .04 .00 204
Captain Reef Complex 3.30 .01 .00 3.31
Dockum Group 229 4.12 .14 27.2
Ellenburger Group and San Saba aquifer 45 3.75 .00 4.20
Hickory Sandstone 11.7 4.10 .00 15.8
Igneous Rocks .78 4.85 .00 5.63
Leona and Anacacho Formations 22.1 92 .00 23.0
Marathon Limestone .00 11 .00 11
Marble Falls Limestone 20 .95 .02 1.17
Other Undifferentiated 114 4.16 2.62 18.2
Rustler Formation 1.26 .00 .00 1.26
Upper Jurassic Series 4.86 22 .00 5.08
Total 283 24.1 2.80 310
Utah Unspecified bedrock units or basin-fill alluvial aquifers .00 31.7 .01 31.7
West Virginia Appalachian Plateau aquifers and unnamed aquifers .00 1.58 .14 1.72

! Total withdrawals from Other aquifers in Colorado do not equal Other aquifers in appendix 1 because some withdrawals were assigned to stream-valley
aquifers (see tables 1 and 3).
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p. C7).

Kansas

In 2000, total ground-water withdrawals for all catego-
ries of use in Kansas were 3,790 Mgal/d (Hutson and others,
2004). More than 96 percent (3,650 Mgal/d) of the with-
drawals were for public-supply, self-supplied industrial,
and irrigation uses, and were assigned to five principal and

Other aquifers (Maupin and Barber, 2005) (appendix 2). With-
drawals from Alluvial (435 Mgal/d) and Other (89.0 Mgal/d)
aquifers accounted for 14 percent of the withdrawals from
principal aquifers and Other aquifers (appendix 2). Withdraw-
als were used mostly for irrigation from Alluvial (327 Mgal/d)
and Other (83.5 Mgal/d) aquifers.
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Withdrawals of 384 Mgal/d from Alluvial aquifers
in Kansas were attributed to stream-valley aquifers associat-
ed with 12 major rivers (table 3). Withdrawals from a stream-

valley aquifer associated with the Arkansas River (228 Mgal/d,

fig. 8) accounted for more than half of the total stream-valley
aquifer withdrawals. About 80 percent of withdrawals from
stream-valley aquifers in Kansas were used for irrigation
(309 Mgal/d). The revised total Alluvial aquifers withdrawals

(51.0 Mgal/d, table 1) were attributed to withdrawals disag-
gregated from areas north of the line of Quaternary conti-
nental glaciation, and were used mostly for public supply
(27.2 Mgal/d, table 3).

Withdrawals from Other aquifers could not be attributed
to stream-valley aquifers. The withdrawals were attributed
to (1) various bedrock units, (2) deposits that are locally
recognized as glacial deposits, but are located south of the
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extent of Quaternary continental glaciation (fig. 8), and
(3) unknown (table 4). No withdrawals from Other aquifers
were attributed to stream-valley aquifers.

Kentucky

In 2000, total ground-water withdrawals for all cat-
egories of use in Kentucky were about 189 Mgal/d (Hutson

and others, 2004). About 88 percent (167 Mgal/d) were for
public-supply, self-supplied industrial, and irrigation uses, and
were assigned to five principal and Other aquifers (Maupin
and Barber, 2005) (appendix 2). Withdrawals from Alluvial
aquifers totaled 123 Mgal/d, mostly for self-supplied industrial
(76.1 Mgal/d) and public-supply (47.1 Mgal/d) uses. With-
drawals from Other aquifers were 1.24 Mgal/d and used for
irrigation (appendix 2).
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subset of the sediments in the non-glaciated area.

Alluvial aquifers withdrawals of 102 Mgal/d in counties
south of the extent of Quaternary continental glaciation
were assigned to stream-valley aquifers associated with the
Ohio River (fig. 9, table 3). The withdrawals were for self-
supplied industrial uses (60.9 Mgal/d) and public-supply
uses (40.8 Mgal/d). The revised total Alluvial aquifers with-

drawals (21.6 Mgal/d, table 1) were attributed to Alluvial aqui-
fer withdrawals that may be from areas north of the southern
extent of Quaternary continental glaciation, and were used
mostly for self-supplied industrial use (15.2 Mgal/d, table 3).
Withdrawals from Other aquifers could not be attributed to
stream-valley aquifers in Kentucky.
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(source: Miller, 2000, fig. 4, p. D3). Withdrawals from stream-valley aquifers were identified from a subset of the alluvial deposits east of
the High Plains aquifer and outside the glaciated region. (See fig. 1 for full extent of the High Plains aquifer.)

Louisiana

In 2000, total ground-water withdrawals for all catego-
ries of use in Louisiana were about 1,630 Mgal/d (Hutson
and others, 2004). About 88 percent (1,430 Mgal/d) of
the withdrawals were for public-supply, self-supplied
industrial, and irrigation uses, and were assigned to four
principal aquifers, including Alluvial aquifers, the Coastal
lowlands aquifer system, the Mississippi embayment aquifer
system, and the Mississippi River Valley alluvial aquifer
(Maupin and Barber, 2005) (fig. 10, appendix 2). No with-
drawals were from Other aquifers in Louisiana in 2000
(Maupin and Barber, 2005). Withdrawals from the Coastal
lowlands aquifer system accounted for about 73 percent of the
water withdrawals from principal aquifers in Louisiana.

Withdrawals of 2.93 Mgal/d from Alluvial aquifers were
attributed to a stream-valley aquifer associated with the Red
River (fig. 10, table 3). The withdrawals were for irrigation
(2.77 Mgal/d) and public-supply (0.16 Mgal/d). Additional
withdrawals of 3.85 Mgal/d from Alluvial aquifers were reas-

signed to the Coastal lowlands aquifer system (2.35 Mgal/d)
and the Mississippi River Valley alluvial aquifer (1.51 Mgal/d)
(fig. 10, table 1). All the reassigned withdrawals were for
irrigation (table 3).

Missouri

In 2000, total ground-water withdrawals for all categories
of use in Missouri were 1,780 Mgal/d (Hutson and others,
2004). About 95 percent (1,690 Mgal/d) of the withdrawals
were for public-supply, self-supplied industrial, and irrigation
uses, and were assigned to six principal aquifers (Maupin and
Barber, 2005) (appendix 2). Withdrawals from Alluvial aqui-
fers were 176 Mgal/d, accounting for 10 percent of withdraw-
als from principal aquifers. Withdrawals from Alluvial aquifers
were for public-supply (106 Mgal/d), irrigation (59.0 Mgal/d),
and self-supplied industrial (11.1 Mgal/d) uses (appendix 2).
No withdrawals were from Other aquifers in Missouri in 2000
(Maupin and Barber, 2005).
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I:I Sand and gravel aquifers at or near land
surface, and alluvium along streams and

rivers

% Mississippi River Valley alluvial aquifer

l:l Surficial deposits generally less than 100 feet
thick, and the occurrence of sand and gravel
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== === === Southern extent of Quaternary continental
glaciation

Extent of alluvial deposits in Kentucky where withdrawals from Alluvial aquifers were associated with stream-valley aquifers

(source: Miller, 2000, fig. 4, p. K3). Withdrawals from stream-valley aquifers were identified from a subset of the alluvial deposits along

the Ohio River.

Withdrawals of 54.4 Mgal/d from Alluvial aquifers
were attributed to stream-valley aquifers associated with
the Missouri (50.1 Mgal/d), Mississippi (3.53 Mgal/d),
Osage (0.40 Mgal/d), and South Grand (0.40 Mgal/d)
Rivers (fig. 11, table 3). About 92 percent (50.1 Mgal/d) of the
withdrawals were for public-supply. The revised total Alluvial
aquifers withdrawals (122 Mgal/d, table 1) were attributed to
withdrawals disaggregated from areas north of the line of
Quaternary continental glaciation, and were used mostly for
irrigation (57.2 Mgal/d) and public supply (55.8 Mgal/d,
table 3).

Montana

In 2000, total ground-water withdrawals for all catego-
ries of use in Montana were 188 Mgal/d (Hutson and others,
2004). About 91 percent (171 Mgal/d) of the withdrawals
were for public-supply, self-supplied industrial, and irrigation

uses and were assigned to five principal aquifers, including
Alluvial aquifers (Maupin and Barber, 2005) (appendix 2).
Alluvial aquifers withdrawals (33.6 Mgal/d) accounted for
about 20 percent of total principal aquifer withdrawals. Most
of the Alluvial aquifers withdrawals (21.7 Mgal/d), which
originated in alluvium in the eastern half of the state, were
used for irrigation purposes. No withdrawals were from Other
aquifers in Montana in 2000 (Maupin and Barber, 2005)
(appendix 2).

Withdrawals of 7.24 Mgal/d from Alluvial aquifers were
attributed to stream-valley aquifers associated with the Yel-
lowstone River (6.84 Mgal/d) and the Little Missouri River
(0.40 Mgal/d) in southeastern Montana (fig. 12, table 3).
Most of the withdrawals (5.52 Mgal/d) from the stream-valley
aquifers were for irrigation. Withdrawals of 26.3 Mgal/d from
Alluvial aquifers could not be disaggregated and assigned to a
specific aquifer or aquifer system; therefore, the withdrawals
remained assigned to Alluvial aquifers (table 1).
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Figure 10. Extent of the Mississippi River Valley alluvial aquifer and the Red River alluvial aquifer in Louisiana where withdrawals
from Alluvial aquifers were associated with stream-valley aquifers and other principal aquifers (source: Miller, 2000, fig. 23, p. F8).
Withdrawals from stream-valley aquifers were identified from a subset of the alluvial deposits along the Red River.

Nebraska aquifers were used for irrigation (92.2 Mgal/d); most of the

withdrawals from Other aquifers (10.3 Mgal/d) were for pub-
In 2000, total ground-water withdrawals in Nebraska lic-supply use (appendix 2).

were about 7,860 Mgal/d (Hutson and others, 2004). About Only about 2 percent (2.61 Mgal/d) of the withdrawals

98 percent (7,720 Mgal/d) of the withdrawals were for from Alluvial aquifers in Nebraska were disaggregated

public-supply, self-supplied industrial, and irrigation uses, and assigned to a specific stream-valley aquifer. The other

and assigned to four principal and Other aquifers (Maupin approximately 98 percent of withdrawals (147 Mgal/d)

and Barber, 2005) (appendix 2). Withdrawals from Alluvial remained assigned to Alluvial aquifers (table 1). Withdrawals

(150 Mgal/d) and Other (15.5 Mgal/d) aquifers accounted from stream-valley aquifers were associated with the

for about 2 percent of withdrawals from principal and Other Big Blue (1.67 Mgal/d) and the Missouri (0.94 Mgal/d)
aquifers (appendix 2). Most of the withdrawals from Alluvial Rivers (fig. 13, table 3). Most of the withdrawals were for
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Figure 11.

Extent of alluvial deposits in Missouri where withdrawals from Alluvial aquifers were associated with stream-valley

aquifers (source: Miller, 2000, fig. 4, p. D3). Withdrawals from stream-valley aquifers were identified from a subset of the alluvial
deposits in the non-glaciated area north of the Mississippi River Valley alluvial aquifer, and also from small, unmapped stream-valley

aquifers in Henry and St. Clair Counties.

self-supplied industrial (1.74 Mgal/d) and public-supply
(0.80 Mgal/d) uses. No withdrawals from Other aquifers
were attributed to stream-valley aquifers. All Other aquifer
withdrawals (15.5 Mgal/d) were attributed to undifferenti-
ated Pliocene-Pleistocene aquifers in southeastern Nebraska

(table 4).

New Jersey

In 2000, total ground-water withdrawals for all categories
of use in New Jersey were 584 Mgal/d (Hutson and others,
2004). About 84 percent (489 Mgal/d) of the withdrawals

were for public-supply, self-supplied industrial, and irrigation
uses, and were assigned to seven principal aquifers (Maupin
and Barber, 2005) (fig. 14, appendix 2). No withdrawals were
assigned to Alluvial or Other aquifers in New Jersey in 2000
(Maupin and Barber, 2005), and no withdrawals were attrib-
uted to stream-valley aquifers.

New Mexico

In 2000, total ground-water withdrawals for all categories
of use in New Mexico were 1,540 Mgal/d (Hutson and others,
2004). About 97 percent (1,500 Mgal/d) of the withdrawals
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Figure 13.

Extent of High Plains aquifer in Nebraska

Extent of alluvial deposits in Nebraska where withdrawals from Alluvial aquifers were associated with stream-valley

aquifers (source: Miller, 2000, fig. 4, p. D3). Stream-valley aquifer withdrawals were identified from a subset of the alluvial deposits east
of the High Plains aquifer and outside the glaciated region. (See fig. 1 for full extent of the High Plains aquifer.)

were for public-supply, self-supplied industrial, and irrigation
uses, and were assigned to six principal and Other aquifers
(Maupin and Barber, 2005) (appendix 2). The use category
with the largest withdrawals was irrigation (1,230 Mgal/d),
mostly from the High Plains aquifer system (498 Mgal/d),
the Roswell Basin aquifer system (364 Mgal/d), the Basin
and Range basin-fill aquifers (164 Mgal/d), and the Rio
Grande aquifer system (136 Mgal/d) (fig. 15, appendix 2).
No withdrawals were assigned to Alluvial aquifers in New
Mexico in 2000 (Maupin and Barber, 2005). Withdrawals
from Other aquifers were 83.9 Mgal/d and accounted for
about 6 percent of withdrawals from principal and Other
aquifers for the three uses. No withdrawals from Other
aquifers could be attributed to stream-valley aquifers in New
Mexico.

New York

In 2000, total ground-water withdrawals for all catego-
ries of use in New York were 893 Mgal/d (Hutson and others,

2004). About 84 percent (752 Mgal/d) of the withdrawals
were for public-supply, self-supplied industrial, and irrigation
uses and were assigned to five principal and Other aquifers
(Maupin and Barber, 2005) (appendix 2). No withdrawals
were assigned to Alluvial aquifers in New York in 2000
(Maupin and Barber, 2005). Withdrawals from Other aquifers
(25.2 Mgal/d) accounted for about 3 percent of total withdraw-
als from principal and Other aquifers (appendix 2). With-
drawals from Other aquifers were mostly for self-supplied
industrial (15.8 Mgal/d) and public-supply (9.20 Mgal/d) uses
(appendix 2).

In Cattaraugus County, New York, withdrawals of
4.07 Mgal/d in an area of glacial sand and gravel aquifers
were assigned to a stream-valley aquifers associated with
the Allegheny River (fig. 16). All of the withdrawals were
for public-supply uses (table 3) and resulted in an estimated
reduction of withdrawals from glacial sand and gravel aquifers
by less than 2 percent, to 259 Mgal/d (table 1). No withdraw-
als from Other aquifers were attributed to stream-valley
aquifers.



26 Estimated Withdrawals from Stream-Valley Aquifers and Refined Estimated Withdrawals

Base modified from U.S. Geological Survey digital data,1:2,000,000, 1972

Albers Equal-Area Conic projection
Standard parallels 2930 and 4530', central meridian 9600

EXPLANATION

Surficial aquifer system

\ saLem ‘Q)

0 25 50

SOMERSES
MIDDLESEY

MERCE®R >-4
Irenton EIJﬂgNmuUTH

P Capden
BURLINGTON

",Luu“STER':AMnEN&

%LANTIC

CUMBERLAND

75 MILES
I 1 1 ]

I T T T

75KILOMETERS

I:l Sand and gravel aquifers at or near land surface and
alluvium along streams and rivers

.’A Till and glacial-lake deposits—Discontinuous where patterned

= === = Southern extent of Quaternary continential glaciation

Figure 14. Extent of alluvial deposits in New Jersey where stream-valley aquifer withdrawals were investigated (source: Miller, 2000,

fig. 6, p. L3).

North Dakota

In 2000, total ground-water withdrawals for all categories
of use in North Dakota were 123 Mgal/d (Hutson and others,
2004). About 91 percent (112 Mgal/d) of the withdrawals were
for public-supply, self-supplied industrial, and irrigation uses,
and were assigned to three principal and Other aquifers
(Maupin and Barber, 2005) (appendix 2). Most of the with-
drawals (76.0 Mgal/d) in North Dakota were derived from
glacial sand and gravel aquifers (appendix 2). Withdrawals
from Alluvial (23.2 Mgal/d) and Other (7.06 Mgal/d) aqui-
fers accounted for approximately 27 percent of withdrawals
from principal aquifers and Other aquifers (appendix 2).
Alluvial aquifer withdrawals were used mostly for irriga-
tion (15.6 Mgal/d), and Other aquifer withdrawals were used
mostly for public supply (4.28 Mgal/d).

Withdrawals from Alluvial aquifers in North Dakota
could not be attributed to stream-valley aquifers. However,

all withdrawals from Alluvial aquifers were disaggregated
to aquifers and aquifer units that were north of the extent

of Quaternary continental glaciation and, in some instances,
identified as being a buried stream channel (appendix 3).
The relatively small amount of withdrawals attributed to
Other aquifers (7.06 Mgal/d) was attributed to aquifers and
aquifer units in areas north of the southern extent of Quater-
nary continental glaciation (fig. 17, appendix 2). No with-
drawals from Other aquifers were assigned to stream-valley
aquifers.

Ohio

In 2000, total ground-water withdrawals for all categories
of use in Ohio for 2000 were 878 Mgal/d (Hutson and
others, 2004). About 77 percent (676 Mgal/d) of the with-
drawals were for public-supply, self-supplied industrial, and
irrigation uses, and were assigned to five principal and Other
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Extent of alluvial deposits in New York that were evaluated for possible withdrawals from stream-valley aquifers (source:

Miller, 2000, fig. 9, p. M4). Some of the withdrawals from glacial sand and gravel aquifers were attributed to stream-valley aquifersin a

subset of the sediments in the non-glaciated area.

aquifers (Maupin and Barber, 2005) (appendix 2). Withdraw-
als from Alluvial (53.0 Mgal/d) and Other (5.81 Mgal/d)
aquifers accounted for about 9 percent of the total withdraw-
als from principal and Other aquifers. Withdrawals were used
mostly for public supply from Alluvial aquifers (39.4 Mgal/d),
and to a similar degree from Other aquifers (4.35 Mgal/d)
(appendix 2). About 62 percent (421 Mgal/d) of withdrawals
from principal and Other aquifers in Ohio were attributed to
the glacial sand and gravel aquifers (appendix 2).

Alluvial aquifers withdrawals (53.0 Mgal/d) could
not be attributed to stream-valley aquifers in Ohio (table 1).

Withdrawals of 100 Mgal/d from glacial sand and gravel
aquifers were disaggregated to stream-valley aquifers
associated with various streams south of the extent of Quater-
nary continental glaciation (fig. 18, table 3). The reassignment
reduced withdrawals from glacial sand and gravel aquifers

in Ohio about 24 percent, from 421 to 321 Mgal/d (table 1).
No withdrawals from Other aquifers were attributed to
stream-valley aquifers in Ohio. Total withdrawals of

5.81 Mgal/d from the Other aquifers were attributed to
Cambrian-Ordovician and unknown aquifers in Ohio

(table 4).
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Figure 17.

Extent of alluvial deposits in North Dakota where stream-valley aquifer withdrawals were investigated (source: Miller, 2000,

fig. 6, p. 13). These sediments were evaluated for possible withdrawals associated with stream-valley aquifers. Although withdrawals
from stream-valley aquifers may occur in North Dakota, no withdrawals could be definitively attributed to stream-valley aquifers.

Oklahoma

In 2000, total fresh ground-water withdrawals for all
categories of use in Oklahoma were 771 Mgal/d (Hutson and
others, 2004). About 89 percent (686 Mgal/d) of the withdraw-
als were for public-supply, self-supplied industrial, and irriga-
tion uses, and were assigned to nine principal and Other aqui-
fers (Maupin and Barber, 2005) (appendix 2). Withdrawals
from Alluvial (128 Mgal/d) and Other (19.3 Mgal/d) aquifers
accounted for about 21 percent of withdrawals from principal
aquifers and Other in Oklahoma in 2000 (appendix 2). With-
drawals were used mostly for irrigation from Alluvial aquifers
(74.9 Mgal/d), and to a greater degree from Other aquifers
(13.3 Mgal/d) (appendix 2).

All the withdrawals assigned to Alluvial aquifers in
Oklahoma were disaggregated (tables 1 and 3). Withdrawals
of 126 Mgal/d from Alluvial aquifers were attributed to six
stream-valley aquifers associated with the Red (31.5 Mgal/d),

Arkansas (26.0 Mgal/d), Cimarron (25.1 Mgal/d), North
Canadian (24.3 Mgal/d), Canadian (12.9 Mgal/d), and Washita
(6.38 Mgal/d) Rivers (fig. 19, table 3). About 97 percent of
the withdrawals were for irrigation (74.2 Mgal/d) and public-
supply (48.4 Mgal/d) uses (fig. 19, table 3). Withdrawals of
1.62 Mgal/d from Alluvial aquifers were disaggregated to

five isolated, elevated terrace deposits that are disconnected
from surface-water features but are still classified as Alluvial
aquifers (table 3).

No withdrawals from Other aquifers in Oklahoma were
attributed to stream-valley aquifers, but withdrawals were
disaggregated to 31 aquifers or water-bearing units (table 4).
Most of the withdrawals from Other aquifers were for
public-supply (5.83 Mgal/d) and irrigation (13.3 Mgal/d) uses
(table 4). About 42 percent (8.02 Mgal/d) of withdrawals
from Other aquifers were attributed to the water-bearing unit,
Cretaceous System.
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Figure 18.

Extent of alluvial deposits in Ohio that were evaluated for possible withdrawals associated with stream-valley aquifers

(source: Miller, 2000, fig. 4, p. K3). Some of the withdrawals from glacial sand and gravel aquifers were attributed to stream-valley
aquifers in a subset of the sediments in the non-glaciated area.
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Figure 19. Extent of alluvial deposits along major streams in Oklahoma where withdrawals from Alluvial aquifers were associated with
stream-valley aquifers (source: Miller, 2000, fig. 11, p. E6). Withdrawals from stream-valley aquifers were identified from a subset of the
alluvial deposits east of the High Plains aquifer. (See fig. 1 for full extent of the High Plains aquifer.)

Pennsy|vania Withdrawals from Pennsylvanian (28.1 Mgal/d) and
Other (42.1 Mgal/d) aquifers were disaggregated to stream-
In 2000, total ground-water withdrawals for all catego- valley aquifers associated with the Allegheny (39.4 Mgal/d),

ries of use in Pennsylvania were 666 Mgal/d (Hutson and oth-  Ohio (25.9 Mgal/d), Monongahela (3.35 Mgal/d), Beaver
ers, 2004). About 55 percent (368 Mgal/d) of the withdrawals (1.43 Mgal/d), and Delaware (0.1 Mgal/d) Rivers, and other
were for public-supply, self-supplied industrial, and irrigation miscellaneous rivers (0.01 Mgal/d) (fig. 20, table 3). With-

uses, and were assigned to nine principal aquifers, includ- drawals from all of these rivers were mostly for self-supplied
ing Pennsylvanian aquifers and Other aquifers (Maupin and industrial (44.6 Mgal/d) and public-supply (25.6 Mgal/d) uses.
Barber (2005) (appendix 2). No withdrawals were assigned The disaggregation of withdrawals to stream-valley aquifers
to Alluvial aquifers in Pennsylvania in 2000. Withdrawals reduced withdrawals from the Pennsylvanian aquifers in Penn-
from Other aquifers were about 30 percent (109 Mgal/d) of sylvania by 64 percent to 15.5 Mgal/d, and withdrawals from

total withdrawals from principal and Other aquifers, and were  Other aquifers in Pennsylvania by 39 percent to 67.2 Mgal/d
81.0 Mgal/d for public-supply, 28.2 Mgal/d for self-supplied (table 1).
industrial, and 0.10 Mgal/d for irrigation uses (appendix 2).
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Extent of alluvial deposits in Pennsylvania that were evaluated for possible withdrawals associated with stream-valley

aquifers (source: Miller, 2000, fig. 6, p. L3). Some of the withdrawals previously associated with Other and Pennsylvanian aquifers in the

non-glaciated area were attributed to stream-valley aquifers.

Puerto Rico

In 2000, total ground-water withdrawals for all categories
of use in Puerto Rico were 137 Mgal/d (Hutson and others,
2004). About 99 percent (135 Mgal/d) of the withdrawals were
for public-supply, self-supplied industrial, and irrigation
uses, and were assigned to two principal (fig. 21) and Other
aquifers (Maupin and Barber, 2005) (appendix 2). No with-
drawals were assigned to Alluvial aquifers in Puerto Rico in
2000. Withdrawals from Other aquifers were 33.2 Mgal/d,
which accounted for about 25 percent of withdrawals from
principal and Other aquifers for the three uses (appendix 2).
Withdrawals from Other aquifers included 16.2 Mgal/d for
public-supply, 14.4 Mgal/d for irrigation, and 2.60 Mgal/d

for self-supplied industrial uses. No withdrawals could be
attributed to stream-valley aquifers in Puerto Rico (fig. 21).

South Dakota

In 2000, total ground-water withdrawals for all categories
of use in South Dakota were 222 Mgal/d (Hutson and others,
2004). About 88 percent (195 Mgal/d) of the withdrawals
were for public-supply, self-supplied industrial, and irrigation
uses, and were assigned to five principal aquifers, includ-
ing glacial sand and gravel aquifers, Alluvial aquifers, and
Other aquifers (Maupin and Barber, 2005) (appendix 2).
Withdrawals from Alluvial aquifers accounted for 21 percent
(40.2 Mgal/d) of the withdrawals from principal aquifers and
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Other aquifers (appendix 2). About 62 percent (24.9 Mgal/d) ated with the Cheyenne River, mostly for public-supply

of withdrawals from Alluvial aquifers were for irrigation (13.2 Mgal/d) and self-supplied industrial (0.14 Mgal/d) uses
uses. Glacial sand and gravel aquifers provided about 60 per- (table 3).
cent (118 Mgal/d) of the withdrawals from principal and About 66 percent of Alluvial aquifers withdrawals
Other aquifers for the three uses. Withdrawals from Other (26.6 Mgal/d) remained assigned to Alluvial aquifers (table 1).
aquifers were only 1.90 Mgal/d in South Dakota in 2000 Nearly all of the revised total Alluvial aquifers withdrawals
(appendix 2). (26.5 Mgal/d) were attributed to Alluvial aquifer withdrawals
Withdrawals of 13.6 Mgal/d from Alluvial aquifers in areas north of the line of Quaternary continental glaciation
were disaggregated to stream-valley aquifers associated which generally follows the Missouri River (fig. 22, table 3).
with the Cheyenne River (13.4 Mgal/d), White River Most of these withdrawals (24.5 Mgal/d) were for irrigation.
(0.10 Mgal/d), Bear Butte Creek (0.08 Mgal/d), and Belle Irrigation withdrawals of 0.1 Mgal/d from Alluvial aquifers
Fourche River (0.01 Mgal/d) (fig. 22, table 3). Most of could not be disaggregated and assigned to a specific aquifer
the withdrawals were from stream-valley aquifers associ- or aquifer system (table 3).
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Figure 22. Extent of coarse-grained glacial deposits, stream-valley alluvium, and basin fill in South Dakota where withdrawals from
Alluvial aquifers were associated with stream-valley aquifers (source: Miller, 2000, fig. 6, p. 13). Withdrawals from stream-valley aquifers
were identified from a subset of the alluvial deposits north of the High Plains aquifer and outside of the glaciated region. (See fig. 1 for
full extent of the High Plains aquifer.)



Tennessee

In 2000, total ground-water withdrawals for all catego-
ries of use in Tennessee were 417 Mgal/d (Hutson and others,
2004). About 92 percent (385 Mgal/d) of the withdrawals
were for public-supply, self-supplied industrial, and irrigation
uses, and were assigned to eight principal and Other aquifers
(Maupin and Barber, 2005) (appendix 2). Withdrawals from
Alluvial and Other aquifers totaled 2.48 Mgal/d, represent-
ing less than 1 percent of total withdrawals from principal
and Other aquifers (appendix 2). Withdrawals were used
mostly for public supply (2.40 Mgal/d) from Alluvial aquifers
and mostly for irrigation (0.04 Mgal/d) from Other aquifers
(appendix 2).

Public supply withdrawals of 2.30 Mgal/d from Alluvial
aquifers were attributed to a stream-valley aquifer associated
with the Tennessee River (fig. 23, table 3). Withdrawals of
0.13 Mgal/d from Alluvial aquifers could not be disaggregated
and assigned to a specific aquifer or aquifer system (tables 1
and 3). No withdrawals from Other aquifers could be assigned
to stream-valley aquifers, but withdrawals were attributed to
the Knox Dolomite (table 4).

Texas

In 2000, total fresh ground-water withdrawals for all cat-
egories of use in Texas were 8,470 Mgal/d (Hutson and others,
2004). About 95 percent (8,010 Mgal/d) of the withdrawals
were for public-supply, self-supplied industrial, and irrigation
uses, and were assigned to nine principal and Other aqui-
fers (Maupin and Barber, 2005) (appendix 2). Withdrawals
from Alluvial (12.6 Mgal/d) and Other (310 Mgal/d) aquifers
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accounted for about 4 percent of withdrawals from princi-
pal and Other aquifers. Withdrawals were used mostly for
irrigation from Alluvial aquifers (12.6 Mgal/d) and, to a lesser
degree, from Other aquifers (283 Mgal/d) (appendix 2).
Alluvial aquifers supplied a small fraction (0.16 percent)
of total withdrawals from aquifers in Texas (appendix 2). All
withdrawals from Alluvial aquifers in Texas (12.6 Mgal/d)
were attributed to a stream-valley aquifer associated with
the Brazos River (fig. 24, table 1), and were used mostly for
irrigation (table 3). No withdrawals from Other aquifers were
attributed to stream-valley aquifers, but all withdrawals from
Other aquifers were disaggregated to 13 aquifers and water-
bearing units, (table 4). About 66 percent of the withdraw-
als from Other aquifers were attributed to the Bone Spring
Limestone (204 Mgal/d). About 91 percent (283 Mgal/d) of
withdrawals from Other aquifers were for irrigation use.

Utah

In 2000, total fresh ground-water withdrawals for all cat-
egories of use in Utah were 1,020 Mgal/d (Hutson and others,
2004). About 85 percent (868 Mgal/d) of the withdrawals were
for public-supply, self-supplied industrial, and irrigation uses,
and were assigned to five principal aquifers, including Alluvial
aquifers, Basin and Range basin-fill aquifers, and Other aqui-
fers (Maupin and Barber, 2005). Withdrawals from Alluvial
and Other aquifers accounted for 7 percent (63.3 Mgal/d) of
withdrawals from principal and Other aquifers for the three
categories of use (appendix 2). About 78 percent (679 Mgal/d)
of the withdrawals were from Basin and Range basin-fill aqui-
fers and were mostly for irrigation (439 Mgal/d) and public-
supply (208 Mgal/d) uses. Withdrawals from Alluvial aquifers

57 SULLIVAN

7 WANCOCK
cLaf -

MACON CLAIBORNE

< e

nawk
L R ~/

ay scort {caupsey
o b
o Y overTon] FENTRESS oo | aTeR
\ Q\QS\\J)XEKSDN

Unicoy

AN
WILSON PUTNAM MORGAN

WARREN ;// BLOUNT

cnngs

N el

HARDEMAN| MCNAIRY \ﬂ‘ ‘‘‘‘‘‘ kg FRANKLIN MAK,‘U/NL e 4 POLK 0 50 75 100 MILES
T . } s, - : 1 ] | | ]
Base from U.S. Geological Survey digital data, 1:2,000,000, 1994 Chattanooga (I] 2|5 5|0 7|5 1(|]|] KILOMETERS
Albers Equal-Area Conic projection
Standard parallels 29°30" and 45°30', central meridian -96°00"'
EXPLANATION

Surficial aquifer system

% Mississippi River Valley alluvial aquifer

Figure 23. The surficial aquifer system in Tennessee that consists mainly of the Mississippi River Valley alluvial aquifer. No
withdrawals from the Mississippi River Valley alluvial aquifer were disaggregated to stream-valley aquifers. Some withdrawals from
Alluvial aquifers were disaggregated to stream-valley aquifers associated with the Tennessee River (source: Miller, 2000, fig. 4, p. K3).



36

“PZU 101
!

~
DALLAM | SHER- | HANS- | ochiL- | (ps.

MAN FORD TREE comB
HARTLEY | moog

HUTGY B
RUBERTS%

Estimated Withdrawals from Stream-Valley Aquifers and Refined Estimated Withdrawals

100

POTHS [CARSON | grapcyr LLRELES
A >
s AMATTHO 2
DEAF SMITH NS TRONG A OLLINGS
RANDAL RONLEY) WORTRY |~
D
PARMER | CASTRo |SWISHER 28 %
Bnidsoel WAL T4 1 gp
RESS

BAILEY| LAMB

PP
HARDET Y T e .
AN W&t River

34 HALE | FLoyp Um 08°
OTLEY [cOT =N
"] roam CHRBAR e X L& % Red 9%
T P A, £,
FoEH- hockLev|wssock| cros BICKENS| KiNg | KNOX_|BAYLOR CLAY | MONT- Vo & /-
ARCHER AGUE 606K |GRAYSON| FANNN | LAMAR s
DELTA BOWIE
YOA- | T
s3] kom | TR |t | g iasieLL| THROCK- Ny, IACRPWISE et | o S |nrus| 2
MogToN| TOYNG N | HONT Fyopis | 2| |E .
S ROCK- & S| (ass
CAMP'S
GAINES PALO DALLAS| —TWALLgy
DAWSOY BORDEN | SCURRY | Fiskeg | yongs [STACKEL| STEP- | “PMip | Parken | HEFAN Dall 1 wooo |upsiug-ARIoN
FORD HENS 4 Pallas
7 106 105 ANDREWS | ya Ort Worth kaur. 0 ) HARRISON
- . ?PJ“ RTIN [HOWARMITCHELL NoLAN | TayLo | CALLA- | EASTLAND HORLsounson ELs  WMAN TN smim 1S
HAN ERATH 3 HENDER
PASO i PANDYA | g
Lov LAND] g1 ss. [ STER: T E 7 SON R ol
E Paso e [mkign ECTOR 200k | LG SOMER® i\ NAVARRO . N
HUDSPETH COKE comANeN VELL ANDER-] CHER- 2
CULBERSON Warp Abmemeys| CoLe. [BROWN =y \BOSQUE FRee- &y SON \OKEE (7, \ swewsT4y
CRANE MAN k e\ LIME\STONE %, R ¢
REEVES UPTON MILLS MCLENNAN, STON 4@@"!2; }"
37 REAGAN| [RION TomM | CONCHO CORYELY \, 9, N 125 5
GREENE MCCUL- | SAN_3~Tamp- daLLs Leoy  HOUSTON %/f;%\ ey
J LOCH | SABA™ Jpasas o & X ‘
EFF P BELD 2 ROBERT TRINITY, <\ =z
DAVIS cos SCHLEICHER BURNETT = son Afanisoy =|E
CROCKETT MENARD | yyason | LIANG L\r £ WAk PoLk | TvierY 2 ;
sumron wittamson \ MIPAM NG, 2 2% A <
. N = N
KIMBLE Austin Uresiy \E 5 JACINTO
30 Presioig TERRELL siLtespie PHANCO/TRA i S HARDIN
o X S MONTGOMERY \ | gedry S
EWSLER o v {
VAL KERR Havs < BASTROP
VERDE | EDVARDS KENDALD > st Houston s,
REAL COMAL MO Faverr 2 . s,
BANDER WELL . ,, [ ] CHAMBERS 2%
BEXAR ', CUADA- COLORXDO oo ARRIS T
° LUPE /BONZALES R
KINNY £, UVALBE | MEDINA San-Antonid BEND /
29° WILSON N e
AZQ
MAV- DEWITT RIA GALVESTON
Base from U.S. Geological Survey digital data, 1:2,000,000, 1994 ERICK ?B“Si AR JACKSON WATAGORDR
Albers Equal-Area Conic projection GOLIAD {VICTORIA
Standard parallels 29°30' and 45°30', central meridian -96°00' CALHOYY
BEE $
REFUGIO 0
Y
ARANSAS +
[
WELLS " -\V\
DUVALL UECES
EXPLANATION O 0 B R T I0MLE
KIEBERG W
R
:l Alluvium aquifers along major streams G 0 2 5 75 100KILOMETERS

1 North Fork Red and Red Rivers
2 Brazos River

Extent of High Plains aquifer in Texas

27°GzAPATA

Jim
HoGG | BROOKS|kengpy

STARR
WILLACY,

HIDALGO

Figure 24. Extent of alluvial deposits along major streams in Texas where withdrawals from Alluvial aquifers were associated with
stream-valley aquifers (source: Miller, 2000, fig. 11, p. E6). Withdrawals from stream-valley aquifers were identified from a subset of the

alluvial deposits east of the High Plains aquifer. (See fig. 1 for full exte

were used mostly for irrigation (22.9 Mgal/d). Withdrawals
from Other aquifers were used mostly for public-supply
(31.7 Mgal/d) (appendix 2).

Withdrawals of 24.8 Mgal/d from Alluvial aquifers in
Utah were disaggregated to stream-valley aquifers associated
with seven major rivers (fig. 25, table 3). Stream-valley aquifer
withdrawals were mostly for irrigation (19.9 Mgal/d) and
public-supply (4.48 Mgal/d) uses. About 82 percent of stream-
valley aquifer withdrawals were from the Sevier (17.3 Mgal/d)

nt of the High Plains aquifer.)

and Fremont (3.12 Mgal/d) Rivers and were used mostly for
irrigation.

Withdrawals of 0.77 Mgal/d from the Basin and Range
basin-fill aquifers (fig. 25, table 1) were reassigned to Alluvial
aquifers. The reassignment increased withdrawals from Allu-
vial aquifers for public-supply use from 8.20 to 8.97 Mgal/d
in Utah in 2000, and decreased withdrawals from Basin and
Range basin-fill aquifers for public-supply use from 208 to
207 Mgal/d. Consequently, the revised total withdrawals for
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Figure 25. Extent of alluvial deposits in Utah where withdrawals from Alluvial aquifers were associated with stream-valley aquifers
(source: Miller, 2000, fig. 18, p. C7). Withdrawals from stream-valley aquifers were identified from a subset of the mountainous area
alluvial deposits, and also from small, unmapped stream-valley aquifers along the Bear and Weber Rivers.
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Alluvial aquifers in Utah, excluding withdrawals assigned to
stream-valley aquifers, increased from 6.73 to 7.50 Mgal/d
(tables 1 and 3), and total Basin and Range basin-fill aqui-
fers withdrawals decreased from 679 Mgal/d to 678 Mgal/d
(table 1). No withdrawals from Other aquifers in Utah in 2000
were attributed to stream-valley aquifers, but withdrawals gen-
erally were attributed to unspecified bedrock units or basin-fill
alluvial aquifers (table 4).

West Virginia

In 2000, total ground-water withdrawals for all catego-
ries of use in West Virginia were 90.9 Mgal/d (Hutson
and others, 2004). About 56 percent (51.3 Mgal/d) of the
withdrawals were for public-supply, self-supplied industrial,
and irrigation uses, and were assigned to five principal and
Other aquifers (Maupin and Barber, 2005) (appendix 2).
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Withdrawals from Alluvial and Other aquifers were
23.2 Mgal/d and accounted for 45 percent of withdrawals
from principal and Other aquifers for the three uses (appendix
2). Withdrawals were used mostly for public supply from
Alluvial (20.8 Mgal/d) and Other (1.58 Mgal/d) aquifers
(appendix 2).

About 99 percent (21.3 Mgal/d) of the withdrawals
from Alluvial aquifers in West Virginia were attributed to
stream-valley aquifers associated with the Ohio (21.2 Mgal/d),
Kanawha (0.09 Mgal/d), Monongahela (0.03 Mgal/d), and
Potomac (0.01 Mgal/d) Rivers (fig. 26, table 3). All withdraw-
als from Alluvial aquifers for public-supply (20.8 Mgal/d)
were attributed to the Ohio stream-valley aquifer. Withdrawals
of 0.16 Mgal/d from Alluvial aquifers could not be disag-
gregated and assigned to a specific aquifer or aquifer system
(table 1). Withdrawals of 1.72 Mgal/d from Other aquifers
(table 4) were not attributed to stream-valley aquifers, but
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aquifers (source: Miller, 2000, fig. 6, p. L3). Withdrawals from stream-valley aquifers were identified from a subset of the alluvial

deposits.



were attributed to Appalachian Plateau aquifers along the east-
ern side of the State and to unnamed aquifers in areas labeled,
“not a principal aquifer” in the atlas (Trapp and Horn, 1997).

Wyoming

In 2000, total ground-water withdrawals for all categories
of use in Wyoming were about 541 Mgal/d (Hutson and oth-
ers, 2004). About 88 percent (475 Mgal/d) of the withdrawals
were for public-supply, self-supplied industrial, and irrigation
uses, and were assigned to six principal and Other aquifers
(Maupin and Barber, 2005) (appendix 2). Withdrawals from
Alluvial aquifers accounted for 14 percent (67.1 Mgal/d) of the
withdrawals from principal and Other aquifers in Wyoming.
Withdrawals from the Alluvial aquifers were mostly for irriga-
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tion (50.4 Mgal/d), public-supply (15.7 Mgal/d), and
self-supplied industrial (1.02 Mgal/d) uses. Withdrawals
(3.30 Mgal/d) from Other aquifers accounted for less than
1 percent of the total principal and Other aquifer withdrawals,
and were used mostly for irrigation (2.42 Mgal/d) (appen-
dix 2).

About 14 percent (9.59 Mgal/d) of withdrawals from
Alluvial aquifers were disaggregated to stream-valley
aquifers associated with the Niobrara River (5.77 Mgal/d),
Sand Creek (2.67 Mgal/d), and Belle Fourche River
(1.15 Mgal/d) (fig. 27, table 3). The withdrawals were
used mostly for irrigation (9.58 Mgal/d). Withdrawals of
57.5 Mgal/d from Alluvial aquifers could not be disaggregated
and assigned to a specific aquifer or aquifer system (tables 1
and 3). No withdrawals from Other aquifers were attributed to
stream-valley aquifers.
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Extent of High Plains aquifer in Wyoming

Extent of stream-valley alluvium and basin-fill deposits in Wyoming where withdrawals from Alluvial aquifers were
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(See fig. 1 for full extent of the High Plains aquifer.)
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Water-Resources Regions

The 21 water-resources regions in the United States are
geographic areas (hydrologic areas based on surface topog-
raphy) that contain either the drainage area of a major river,
such as the Missouri region, or the combined drainage areas
of a series of rivers, such as the Texas-Gulf Region, which
includes a number of rivers draining into the Gulf of Mexico
(fig. 28) (Seaber and others, 1987). The regions were defined
to provide a standardized base for use by water-resources
organizations in locating, storing, retrieving, and exchanging
hydrologic data.

Analysis of withdrawals from Alluvial, selected principal,
and Other aquifers assigned 1,560 Mgal/d to stream-valley
aquifers associated with major rivers, creeks, and areas
where multiple streams are present. Stream-valley aquifer

Estimated Withdrawals from Stream-Valley Aquifers and Refined Estimated Withdrawals

withdrawals were identified in eight water-resources regions
(table 5).

Arkansas-White-Red Region

Withdrawals of 532 Mgal/d were assigned to stream-
valley aquifers associated with 10 major rivers (table 5) in five
states in the Arkansas-White-Red Region. Withdrawals from
stream-valley aquifers associated with the Arkansas River in
Arkansas, Colorado, Kansas, and Oklahoma accounted for
about 74 percent (395 Mgal/d) of withdrawals from stream-
valley aquifers in the region. About 19 percent (100 Mgal/d)
of the withdrawals were from stream-valley aquifers associ-
ated with rivers in Oklahoma. About 80 percent (423 Mgal/d)
of the withdrawals from stream-valley aquifers in the region
were used for irrigation (table 5).
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Table 5. Estimated withdrawals from stream-valley aquifers associated with major rivers, creeks, and areas by water-

resources region, 2000.

[Values are rounded]

Estimated Withdrawals from Stream-Valley Aquifers

Major river, creek, or area

Withdrawals, in million gallons per day, by water-use category

Irrigation Public supply Self-supplied industrial Total
Arkansas-White-Red Region
Arkansas River 328 44.6 22.1 395
Canadian River 8.27 4.59 .01 12.9
Cimarron River 17.8 12.9 .06 30.7
Neosho River 21 .33 .01 .55
North Canadian River 12.4 11.4 44 24.3
Ouachita-Saline River .05 .14 .02 21
Red River 41.9 9.78 .26 51.9
Verdigris River .00 13 .00 13
Walnut River 8.90 .57 .05 9.52
Washita River 5.43 .95 .00 6.38
Total 423 85.4 22.9 532
Mid-Atlantic Region
Delaware River .00 .10 .00 .10
Potomac River .00 .00 .01 .01
Total .00 .10 .01 A1
Missouri Region
Bear Butte Creek .08 .00 .00 .08
Belle Fourche River 1.16 .00 .00 1.16
Big Blue River 31 291 1.67 4.89
Cheyenne River .05 13.2 .14 13.4
Kansas River 3.01 1.53 3.04 7.58
Little Missouri River 32 .08 .00 40
Marais des Cygnes River .00 .05 .00 .05
Missouri River 1.30 47.4 2.34 51.0
Niobrara River 5.77 .00 .00 5.77
Osage River 33 .07 .00 40
Republican River 64.3 9.40 .10 73.8
Saline River 2.74 .55 .00 3.29
Sand Creek 2.66 .00 .01 2.67
Smoky Hill River 21.2 8.56 .02 29.8
Solomon River 18.9 3.31 .00 22.2
South Grand River 21 .19 .00 .40
South Platte River 387 5.87 10.8 404
White River .05 .05 .00 .10
Yellowstone River 5.20 1.54 .10 6.84
Total 515 94.7 18.2 628
Ohio Region

Allegheny River .00 17.1 26.3 435
Beaver River .00 1.13 .30 1.43
Hocking River .00 4.32 .00 4.32
Kanawha River .00 .00 .09 .09
Lower East Fork White River .00 1.09 .10 1.19
Miscellaneous rivers and creeks .00 .25 .00 25
Monongahela River .00 91 247 3.38
Muskingum River .00 15.7 1.98 17.7
Ohio River 2.61 130 88.4 221
Sandy Creek .00 1.32 28 1.60
Scioto River .00 6.60 .01 6.61
Tuscarawas River 12 17.4 14.2 31.7
Wabash River 37 43 .00 .80
Walhonding River .00 8.18 .00 8.18
Total 3.1 205 134 342

L
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Table 5.
resources region, 2000—Continued.

[Values are rounded]

Estimated withdrawals from stream-valley aquifers associated with major rivers, creeks, and areas by water-

Withdrawals, in million gallons per day, by water-use category

Major river, creek, or area

Irrigation Public supply Self-supplied industrial Total
Tennessee Region
Tennessee River 0.00 2.30 0.00 2.30
Texas-Gulf Region
Brazos River 12.6 .01 .00 12.6
Upper Colorado Region
Bear River .89 .00 .00 .89
Duchesne River .89 .00 .00 .89
Fremont River 3.12 .00 .00 3.12
Provo River .89 53 .00 1.42
San Pitch River .00 22 47 .69
Sevier River 14.0 3.30 .00 17.3
Miscellaneous rivers in mountain- 9.85 3.86 94 14.7
ous areas
Weber River .09 43 .00 .52
Total 29.7 8.34 1.41 39.5
Upper Mississippi Region
Mississippi River below St. Louis 41 4.02 .29 4.72
Grand Total 984 400 177 1,560

Mid-Atlantic Region

Withdrawals of 0.11 Mgal/d were assigned to stream-
valley aquifers in the Mid-Atlantic Region (table 5). With-
drawals from stream-valley aquifers were associated with
the Delaware River (0.10 Mgal/d) in Pennsylvania and
the Potomac River (0.01 Mgal/d) in West Virginia. About
91 percent (0.10 Mgal/d) of the withdrawals were used for
public-supply uses (table 5).

Missouri Region

Withdrawals of 628 Mgal/d were assigned to stream-
valley aquifers associated with 20 rivers or creeks (table 5)
in seven states in the Missouri Region. Withdrawals from
stream-valley aquifers associated with the South Platte River
in Colorado were 404 Mgal/d and accounted for about 64 per-
cent of withdrawals from stream-valley aquifers in the region.
About 82 percent (515 Mgal/d) of the withdrawals were used
for irrigation (table 5).

Ohio Region

Withdrawals of 342 Mgal/d were assigned to stream-
valley aquifers associated with 13 rivers and creeks (table 5)
and a group of three rivers and creeks (miscellaneous rivers
and creeks) in seven states in the Ohio Region. Withdrawals
from stream-valley aquifers associated with the Ohio River
in six states accounted for about 65 percent (221 Mgal/d) of

withdrawals from stream-valley aquifers in the region. About
59 percent (202 Mgal/d) of the withdrawals were from stream-
valley aquifers in Kentucky and Ohio. About 60 percent

(205 Mgal/d) of the withdrawals from stream-valley aquifers
in the region were used for public supply (table 5).

Tennessee Region

Withdrawals of 2.30 Mgal/d were assigned to stream-
valley aquifers (table 5) associated with the Tennessee River in
the Tennessee Region. All of the withdrawals were for public-
supply uses in Tennessee.

Texas-Gulf Region

Withdrawals of 12.6 Mgal/d were assigned to stream-
valley aquifers (table 5) associated with the Brazos River in
the Texas-Gulf Region. Almost all of the withdrawals were for
irrigation uses in Texas.

Upper Colorado Region

Withdrawals of 39.5 Mgal/d were assigned to stream-
valley aquifers in the Upper Colorado Region (table 5). Only
the states of Colorado and Utah have stream-valley aquifer
withdrawals in this region. The stream-valley aquifers were
associated with seven major rivers in Utah and miscella-
neous rivers in mountainous areas in Colorado. Withdrawals



from stream-valley aquifers associated with the Sevier River
accounted for about 44 percent (17.3 Mgal/d) of withdrawals
from stream-valley aquifers in the region. About 75 percent
(29.7 Mgal/d) of the withdrawals from stream-valley aquifers
in the region were used for irrigation (table 5).

Upper Mississippi Region

Withdrawals of 4.72 Mgal/d were assigned to stream-
valley aquifers associated with the Mississippi River below
St. Louis in Illinois and Missouri in the Upper Mississippi
Region (table 5). About 85 percent (4.02 Mgal/d) of the with-
drawals were for public-supply uses (table 5).

Summary

The U.S. Geological Survey National Water Use Infor-
mation Program compiles estimates of fresh ground-water
withdrawals in the United States on a 5-year interval. In the
year-2000 compilation, withdrawals were reported from
principal aquifers and aquifer systems, including two general
aquifers—Alluvial and Other aquifers. Withdrawals from
Alluvial and Other aquifers were the 10th and 11th largest
within the ranking of total withdrawals from principal aquifers
and aquifer systems. Further differentiation and identification
of water-use data categorized by Alluvial and Other aquifers
was needed to determine whether another potentially impor-
tant group of aquifers—stream-valley aquifers—provides
substantial amounts of water for public-supply, self-supplied
industrial, and irrigation uses. In 2004, an investigation
was initiated to estimate withdrawals from stream-valley
aquifers. In addition to examining Alluvial and Other aquifers,
the investigation examined selected principal aquifers where
appropriate.

Stream-valley aquifers are alluvial aquifers located in
the valleys of major streams and rivers. Stream-valley
aquifers are long but narrow aquifers that are in direct hydrau-
lic connection with associated streams; they have limited
extent compared to most principal aquifers, but are important
sources of ground water. Withdrawals from this widespread
aquifer group were not specifically identified in the year-2000
compilation.

Based in large part on information published in U.S.
Geological Survey reports, preliminary analysis of withdrawal
data and hydrogeologic and surface-water information indi-
cated areas in the United States where possible stream-valley
aquifers were located. The report focused on 24 states and the
Commonwealth of Puerto Rico. Withdrawals reported from
Alluvial aquifers and (or) Other aquifers in 22 states and the
Commonwealth of Puerto Rico were investigated. Two addi-
tional states—Arkansas and New Jersey—were investigated
because withdrawals reported from other principal aquifers in
these two states may be from stream-valley aquifers.
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States in the study area were selected by generally
excluding areas that lie completely within the maximum extent
of Quaternary continental glaciation, areas west of the Rocky
Mountain/Colorado Plateau region, and areas coincident with
the North Atlantic Coastal Plain aquifer systems, Basin and
Range basin-fill aquifers, and Northern Rocky Mountains
Intermontane Basins aquifer system. In these excluded areas,
stream-valley aquifers and their withdrawals typically cannot
be differentiated from other principal aquifers consisting of the
same types of materials.

Twenty states were determined to have withdrawals
from stream-valley aquifers. The results of the analysis
indicate that stream-valley aquifer withdrawals (about
1,560 Mgal/d) are comparable to withdrawals from the 10th
most productive principal aquifers in the United States. Of
the 1,560 Mgal/d of withdrawals attributed to stream-valley
aquifers, 1,240 Mgal/d were disaggregated from Alluvial aqui-
fers, 116 Mgal/d from Other aquifers, 150 Mgal/d from glacial
sand and gravel aquifers, 28.1 Mgal/d from Pennsylvanian
aquifers, and 24.9 Mgal/d from the Mississippi River Valley
alluvial aquifer.

Five states, including Colorado (552 Mgal/d), Kan-
sas (384 Mgal/d), Oklahoma (126 Mgal/d), Kentucky
(102 Mgal/d), and Ohio (100 Mgal/d), accounted for 81
percent of estimated stream-valley aquifer withdrawals. Of
the total withdrawals from stream-valley aquifers, about
63 percent (984 Mgal/d) were used for irrigation, 26 percent
(400 Mgal/d) were used for public-supply, and 11 percent
(177 Mgal/d) were for self-supplied industrial uses. The larg-
est estimated water withdrawals were from stream-valley aqui-
fers associated with the South Platte (404 Mgal/d), Arkansas
(395 Mgal/d), and Ohio (221 Mgal/d) Rivers.

The estimates of stream-valley aquifer withdrawals
presented in this report represent an approximation of the
minimum rate of withdrawals from stream-valley aquifers
in the United States; nevertheless, this estimate provides a
quantitative assessment on their importance. As such, this
estimate may be useful for researchers evaluating ground-
water resources at regional and national scales.

References Cited

Agnew, A. F., Tipton, M.J., and Steece, F.V., 1962, South
Dakota’s ground water needs and supplies: South Dakota
State Geological Survey, MI-04, accessed December 3,
2004, at URL http.//jurassic2.sdgs.usd.edu/pubs/pdf/
MI-04%20-%2024%20pages.pdf.

Bowman, J.A., and Collins, M.A., 1987, Impacts of irrigation
and drought on Illinois ground-water resources: Illinois
State Water Survey, Report of Investigation 109, 31 p.

Burden, C.B., 2001, Ground-water conditions in Utah, spring
of 2001: Utah Department of Natural Resources, Division
of Water Resources, Cooperative Investigations Report
no. 42, 120 p.



44 Estimated Withdrawals from Stream-Valley Aquifers and Refined Estimated Withdrawals

Fenelon, .M., Bobay, K.E., Greeman, T.K., Hoover, M.E.,
Cohen, D.A., Fowler, K.K., Woodfield, M.C., Doss, P.K.,
and Durbin, J.M., 1994, Hydrogeologic atlas of aquifers
in Indiana: U.S. Geological Survey Water-Resources
Investigations Report 92-4142, 197 p.

Heath, R.C., 1984, Ground-water regions of the United States:

U.S. Geological Survey Water-Supply Paper 2242, 78 p.

Hutson, S.S., Barber, N.L., Kenny, J.F., Linsey, K.S., Lumia,
D.S., and Maupin, M.A., 2004, Estimated use of water in
the United States in 2000: U.S. Geological Survey Circular
1268, 46 p., accessed October 5, 2004, at URL http://water.
usgs.gov/pubs/circ/2004/circ1268

Kenny, J.F,, ed., 2004, Guidelines for preparation of state
water-use estimates for 2000: U.S. Geological Survey
Techniques and Methods 4-4A, 49 p., accessed February 9,
2006, at URL http://pubs.water.usgs.gov/tmdad/

Lapham, W.W., Hamilton, P.A., and Myers, D.N., 2005,
National Water-Quality Assessment Program—Cycle 11
Regional Assessments of Aquifers: U.S. Geological Survey
Fact Sheet 2005-3013, 4 p., accessed September 28, 2006,
at URL http://pubs.usgs.gov/fs/2005/3013

Lloyd, O.B. Jr., and Lyke, W.L., 1995, Ground water atlas of
the United States, Segment 10, Illinois, Indiana, Kentucky,
Ohio, and Tennessee: U.S. Geological Survey Hydrologic
Investigations Atlas 730-K, 30 p.

Maupin, M. A., and Barber, N.L., 2005, Estimated withdraw-
als from principal aquifers in the United States, 2000: U.S.
Geological Survey Circular 1279, 46 p., accessed Septem-
ber 13, 2006, at URL http.//pubs.usgs.gov/circ/2005/1279

Miller, J.A., ed., 2000, Ground water atlas of the United
States: U.S. Geological Survey Hydrologic Investigations
Atlas 730, 404 p.

Miller, J.A., and Appel, C.L., 1997, Ground water atlas of the
United States, Segment 3, Kansas, Missouri, and Nebraska:

U.S. Geological Survey Hydrologic Investigations Atlas
730-D, 24 p.

Miller, J.A., Whitehead, R.L., Gingerich, S.B., Oki, D.S., and
Olcott, P.G., 1999, Ground water atlas of the United States,
Segment 13, Alaska, Hawaii, Puerto Rico, and the U.S.
Virgin Islands: U.S. Geological Survey Hydrologic Investi-
gations Atlas 730-N, 36 p.

Molina-Rivera, W.L., 2005, Estimated water use in Puerto
Rico, 2000: U.S. Geological Survey Open-File Report
2005-1201, 26 p., accessed September 13, 2006, at URL
http://pubs.usgs.gov/of/2005/1201/

Nebraska Department of Economic Development, 2004,
2004 Nebraska Manufacturers Directory, accessed Septem-
ber 14, 2006, at URL http://pio.neded.org/manufacture/
index.htm

North Dakota State Water Commission, 2007, Reports
and Publications: accessed December 5, 2007, at
URL http://www.swe.state.nd.us/4dlink9/4dcgi/
GetSubCategoryRecord/Reports%20and%20Publications/
County%20Ground%20Water%20Studies

Northern Arizona University, 1999, Arizona Regional Geol-
ogy: accessed June 22, 2006, at URL http.//dana.ucc.nau.
edu/~are-p/road_map/eco/geology.html

Office of Management and Budget, 1987, Standard industrial
classification manual: Washington D.C., Executive Office
of the President, U.S. Government Printing Office, 64 p.

Ohio State University, 2008, Ohioline—Environment: Col-
lege of Food, Agricultural, and Environmental Sciences,
accessed January 7, 2008, at URL http://ohioline.osu.edu/
lines/ennr.html

Olcott, P.G., 1995, Ground water atlas of the United States—
Segment 12, Connecticut, Maine, Massachusetts, New
Hampshire, New York, Rhode Island, and Vermont: U.S.
Geological Survey Hydrologic Investigations Atlas 730-M,
28 p.

Renken, R.A., 1998, Ground water atlas of the United States,
Segment 5, Arkansas, Louisiana, and Mississippi: U.S.
Geological Survey Hydrologic Investigations Atlas 730-F,
28 p.

Robson, S.G., and Banta, E.R., 1995, Ground water atlas of
the United States, Segment 2, Arizona, Colorado, New
Mexico, and Utah: U.S. Geological Survey Hydrologic
Investigations Atlas 730-C, 32 p.

Rosenshein, J.S., 1988, Chapter 21: Region 18, Alluvial
valleys, in Back, William, Rosenshein, J.S., and Seaber,
PR., eds., Hydrogeology-The geology of North America,
Volume O-2: Boulder, Colorado, The Geological Society of
America, 524 p.

Ryder P.D., 1996, Ground water atlas of the United States,
Segment 4, Oklahoma and Texas: U.S. Geological Survey
Hydrologic Investigations Atlas 730-E, 30 p.

Seaber, P.R., Kapinos, F.P., and Knapp, G.L., 1987, Hydro-
logic unit maps: U.S. Geological Survey Water-Supply
Paper 2294, 63 p., 1 pl. accessed October 12, 2006, at URL
http://pubs.usgs.gov/wsp/wsp2294/pdfiwsp_2294.pdf

Trapp, Henry, Jr., and Horn, M. A., 1997, Ground water atlas
of the United States, Segment 11, Delaware, Maryland, New
Jersey, North Carolina, Pennsylvania, Virginia, and West
Virginia: U.S. Geological Survey Hydrologic Investigations
Atlas 730-L, 24 p.

U.S, Department of Agriculture, 1987, Photo gallery: Natu-
ral Resources Conservation Service, accessed January 14,
2008, at URL http://photogallery.nrcs.usda.gov/Detail.asp



U.S, Department of Agriculture, 2002, Photo gallery: Natu-
ral Resources Conservation Service, accessed January 14,
2008, at URL http.//photogallery.nrcs.usda.gov/Detail.asp

U.S. Geological Survey, 1998, National Water Information
System (NWIS): U.S. Geological Survey Fact Sheet
FS-027-98, 2 p., accessed February 6, 2007, at URL
http://pubs.usgs.gov/fs/FS-027-98

U.S. Geological Survey, 2003, Principal aquifers of the 48
conterminous United States, Hawaii, Puerto Rico, and the
U.S. Virgin Islands: U.S. Geological Survey 1:2,500,000
digital data, accessed February 7, 2007, at URL http://www.
nationalatlas.gov/wallmaps.html#aquifers

References Cited 45

Utah Division of Water Rights, 2003, Utah water use program:
accessed February 7, 2007, at URL http://waterrights.utah.
gov/distinfo/wuse.asp

Utah Geological Survey, 2005, Utah Geological Survey:
accessed September 22, 2006, at URL http://geology.utah.
gov/

Whitehead, R.L., 1996, Ground water atlas of the United
States, Segment 8, Montana, North Dakota, South Dakota
and Wyoming: U.S. Geological Survey Hydrologic Investi-
gations Atlas 730-1, 24 p.



Blank Page



Appendix 1



Blank Page



49

Appendix 1

‘s1oymbe Aoqrea-weans
M POIBIOOSSE SPAYSIOJEM UIYIIM PAJLIO] AIIM S[[OM JeY) AJLIOA O} PAsn S [[oM [OB [)IM PAJBIOOSSE
uonewiojur DNH NSIp-1ySig 3sodop [eIAn[[e pae[osI ue 10 Iojinbe AS[[BA-WEAIIS B WOI) SBA 90IN0S )
IOUJOUYM QUIULIANOP 0 S[[oM OI10adS WOI) Pajen[eAd 21oM S[EMBIPYIIM ‘SIOURISUI UTR)IdD U] “syisodap 1ojinbe
A91TeA-wreans [enuajod Ul paudaIds s[em deredas pue AJNUIPI 0] Pasn dIm OSTe (AUID0ISIA[ PUL ‘QUIIO[OH
9uad0y) sysodop Jo soSe oy, 'SIOATY Py pue ‘QuUITES-BIIYORN() ‘SBSUBSNIY Y} [)IM PAJRIdosse s1ojinbe
K9[TeA-wRAI)S 0) JUAWUSISSEAT JOJ PAIOPISUOD dIoM ‘(Juasqe ST Ioymbe [eranyie Ao[eA I0ATY 1ddISSISSI|A o)
pue) Juasaid aIe SIOATY Py oY) pue ‘QuUI[ES-2IIYoeN() AY) ‘SESUBNIY 9} 2I9YM SO1IUN0d ur 19jibe [e1any
-Te A9[TeA JoATY 1dISSISSIIA QU) 03 painqluje A[[BUISLIO S[EMBIPYIIA TOALY SBSUBRNIY U} [IIM PAJBIOOSSe
s1oyimbe Ao[[ea-weans o) 1oJmbe [eIAn[[e A9[[eA JOARY IdISSISSI]A] 9U) WIOIJ S[eMBIPYIIM 9)e3aI3TesIp 0)
Pasn a1om ejep o1y10ads-931s ‘AJuno)) nise[nd U] ‘SaNuNod Iauy[ne] pue ‘pse[nd ‘Aemuo)) ‘A1od ‘oA ‘odod
‘uosuyo( ‘ueSo ‘UIp[ueI] ‘UeNSeEqaS ‘pIojmer)) ul juasaid st 1ojibe Ao[[eA-weaI)s SESUBNIY O], "SOIIUN0Dd
MAI( pue ‘ujoour] ‘A[pelq ‘pue[oAd[) QUBID) ‘Qul[eS ‘Uolu() ‘unoyre) ‘euyoen() ‘se[e ‘€peadN Je[D
‘s3uridg 10 ‘pearsdwoy ‘aid ur yuasaid st 19jinbe Ao[ea-weans aures-elyoenQ YL, "(f "31) senunod pie
-MOH PUE ‘IAIAS ‘PelsdWIol “IOARY Q[N ‘BIqUIN[0)) “IS[[IA ‘@NoAejeT ur Juasaid st 1ojinbe Ao[[ea-weons
Py oy L ‘s[emerpyiim 1ymbe Aorea-wreans renuojod SUIARY SB POIUIPT 1M SBSUBYIY UI SAMIUNOD G/,
Jo 1ySre-Auam], 1ojmbe [eranyre A9[eA 1oary 1ddIssISSIIAl oy} 10] pajodar [810) 9y} WOI} WY} 0 pAuTIsse
QTom Ss[emeIpy)Im Apmjs ST J0J pue ‘siojinbe Ao[Tea weons Aj1d£) yey) soNSIIg)OBIRYD ARY SIOATY Py pue
‘QuUITES-LITYoRN() ‘SESURNTY oy} YIIm pajeroosse s1ojinbe jpianyyy *(¢z 31y ‘g4 'd ‘8661 ‘uosuay) Iojinbe
[p1anyp KJ[[eA I9ATY 1ddISSISSIIAl oY) 0) uonIppe ul s1jinbe Ao[[ea-weans 92Iy) SAILISN[[I pue SISI] SB[IR Y],

‘satsnput parddns
-J19s noqe uoneuLojul Ay sjuswddns uonepuno
Juowdo[oAd(] [RLIISNPUT SESUBYNIY A} PUL ‘UOTJRWLIOJUT
A1ddns-orqnd oy syuoworddns ‘Surresur3uy Jo uors
-TAI( ‘UI[eoH Jo juaunreda(y sesueyIy 9y) ‘UonIppe uf
"SULI0J 959} 939[dw0d SI19SN UONRS LT pue ‘[ernsnpur
porjddns-jjos ‘A1ddns o1jqng ‘w0 uonensi3ar asn
-1oJem e Sunordwod £q DDASY 01 9sn 1ajem oY)
j10da1 1SN 1971eM punoIs woly p/leSIA GO'Q UBY) 210w
MBIPYIIM TRy} SIOSN 1A\ "SDS() oY) YIim uoreradood
Ul SeSUBNIY UI Bjep asn-1ajem sioyruowr (DDA SVY)
UOISSTWWO)) UOTIBAIISUOD) I3JBAN PUE [I0S SBSUBNIY U],

sesueyIy

'(S00T “"unuurod
[e10 ‘AoAIng Ted1S01090) *S'N ‘UoAepe], prees) (4 9[qe)) Iofmbe Lo[[eA-weaIs € Y)Im POJeIdosse jou
PUE 20UIAO0Id SPUBRIYSTH [eNU)) Y} WOIJ 2q 0] pauruLIalap a1om (g xipuadde ‘¢ “31y) (p/[eSIN 7'88) s1ojimbe
A2Y}() WOIJ S[EMBIPYIIM IJBM-PUNOID) (6661 ‘AISIOAIUN) BUOZITY UIYMON) sulseq Aq pojeredos so3uel
urejunNowW se yons saourAoId Ioy)jo om) 9y} 0) SINJea) JB[IWIS SUIBIUOD UOISAT [RUONISURT) SIY ], 'SOOUIA0I]
0M) ) UIM)Qq PAJLOO] ST AIUIA0I] SPUBR[YSIH [eNUI)) Y Pa[[ed uoi3al [euonisuen v (1 3y ‘9D d ‘e61
‘ejueg puL U0SQOY) AJUIAOI] 33Uy pue uIiseq 2y} pue ‘@duraold spuerdn neaje(d oy ‘soourroid oryderd
-005 om} Aq paurjop uddq sey LUOZITY “Iofinbe Ao[[eA-weans v 0 pajnqgrnje aq p[nod siejinbe ay10 woiy
S[EMBIPYIIM JBY) PABIIPUT Jey) Juasard axom ejep dAIsn[ouod oy ‘(g x1puadde) .2y woiy pajrodor sem
‘(p/1e3IN £°8S) A1ddns-o1jqnd 10J pasn sem yorym Jo 3sowr ‘(p/[e3IA Z'88) Joiem punoisd Jo Junowe [enueisqns y
‘1oyinbe Tedrourid siy) woiy opew sem sigjibe Aofjea-weans jo uonedai3Sesip oN ojinbe redound
QuoISpues © ‘sIoJInbe sneaje[d opeIo[o)) AY) YIIM JUIPIOUIOD AIe BUOZLIY UI S}Is0dap BaIe snoureiunow ay)
IOAIMOY ‘IoJInbe AJ[[eA-WILANS B (1M PIJBIOOSSE SBM BAIR SNOUTR)UNOW ‘S9Je)S Y10 U] *(¢ "S1j) BaIe Sno
-UTRJUNOW SB SE[)E 9} UI PIjensn[[I 2Ie BUOZLIY JO sjred "(¢ "S1) AJnuapt 0y o[qissodwr siojinbe jpiangy
WOIJ S[EMEBIPYIIM JO UOT)OUTISIP O} SEW P[NOM PUE [RLIQJEUI [0ABIS pUB pues pajeprjosuodun jo pasodwod
a1e s1oymbe [[1j-urseq o3uey pue urseq 9y) osneodq s1ymbe jpiangry 103 sfemeIpyiim 11odar jou pIp BUOZLIY
“I9JeM JO 90INOS AU} Sem JoJInbe yoIym QuIuLI)op 0) Paurwexa A[9so[d aq 03 sa3Is paxnbar yorgm ‘1oymbe
QUO UBY) QIOW JO JU)X Y} UTYIIM PI)BIO[ 2I9M SUISE] JOALI JWOS JO spred 'siojinbe aanoadsar oy 03 pausdis
-SB 0IOM S[EMBIPUIIM IQJEM-PUNOIS PUE J[om A[oAne[I pareduiod om) a) Jo saLrepunoq Y, ‘s1ojinbe o
JO SAIIBPUNOQ AU} )IM SILIBPUNOQ UTSEq JIALI IO ‘S, )H JO Serrepunoq ayj paredwod jey) poyjow e Sursn
s1oyinbe [edrourrd 0) pouSIsse a1om S[EMBIPYIIM I9IEM-PUNOIL) ‘SUOTIPUOD PISSAIS pue JUTUI[O9P Iopun
9q Aew A[[eo0[ Inq ‘S[9Ad] doap woiy sarjddns Juardoyyns 19Jj0 Avw SONSLIAOBIBYD 9SAY) YIIMm s19Jinby ‘sno
-NUNUOd pue YOIy Af[erouas are jeyy siojmbe ediourid im s9)eIS UIS)SIMYINOS ISOW JO [ed1dA) ST BUOZIIY

"UOTJBULIOJUT ON

BUOZLIY

sisAjeue jo spoyia\

uoneWIOUI JO S32IN0S

ajels

[ommynoudy jo yuounredo 'S N ‘VASN Aep 1od suofes ‘p/s[es <AI0juoAu] 9IS IOJEA\ PUNOID) ‘TSAD ‘UONEOIJISSE[)) [eLISnpu]
pIepuels ‘OIS {Aoualy Uo109)01d [RIUWUOIAUY "S ] ‘VJASN ‘Aep 1od suof[es uoriu ‘p/[e3A opod Jtun 2130[0IpAY (SOHS) AAINS [BI130[090D) *S'N ‘DNH Modal ay) ur papn[our aIe s9[qe) pue saIngiy pajoN|

*81e1s Ag ‘sisAjeue Jo SPOYIaLW pue UONEBWIOLUI Pale|a) pue 8sn-1aleMm Jo $89IN03

'1 xipuaddy



Estimated Withdrawals from Stream-Valley Aquifers and Refined Estimated Withdrawals

50

‘(¥ 91q®1) s19jIbe yo01paq snodu

-B[[QOSTUI O} PUE (€ 9[qE)) SIOATY SBSUBSNIY pue 9)je[d YINOS Y} YIIM PIJeIoosse s1ofmbe La[[ea-weans 0y
pa1e3a133esip a1om (g00¢) Joqreq pue urdnepy ur sioymbe 2y 03 paudisse a1om Jey) sfemeIpyIp (S00T
“UNWWOd UANILIM ‘AOAING [BIISO[03D) *S' () ‘PIOUTY JOTY) JOATY )Ie[d YINOS oY) YIIM PJeIoosse siojinbe
AQ[[eA-WBAI)S WO} S[EMEBIPYIIM JO UONRUIULIDIAP AU} P[RUS UONBULIOJUT PI[IBIIP I0W JO AN[IqR[IBAR 9],
“WNTIAN][R U PAUIIOS ISOY) WOIJ [BLIDIBW URI[OD UI PAUIAIDS dIB B} S[[oM PAjenuaIdyip SOSN ‘Modar
s1y) 104 "uone[idwod )OO Y} Ur paulyap se siojinbe jpianyyy 01 Surduoreq Ing 19jinbe A9[eA-weans € woly
Suraq jou se paynuapr Afeoyroads are sj1sodop 9say) WOIJ SEMBIPYIIAL "SPUES URT[0D UT 9q 0) PIUTWIANAP
I0)e] 910M s19JInbe jp1angyy 0} poudisse sfemeIpy)im ay) Jo uoniod € ‘opero[o)) U ‘winianfe SurA[ropun Io
Q0BLINS Y} JO [BLIdJEUI URI[OJ 9OBJINS ) JOYIID SIO9[Ja1 1ey) uoneudisap 1ojinbe ue aaey A[[eordAy eare oy

ur SpI023I [[9AN (G “S1j) Snonunuod pue YOIy} a1k IATY 9)3e[d YInos ay) Suofe sjisodop uerjoo pue [eIAN[Y

‘s[fom ernsnput parpddns

-J19s pue ‘A[ddns-o1qnd ‘vonesur 10y vyep aedwnd
pop1aoid s901n0say [eImieN Jo juduieda opelojo)
Q) UT JoAUISUH JBIS Y} JO 9OJO YL IMSIg Aouea
-IOSUO)) IAJBAN 9)B[J YINOS JOMOT ) PUB ‘JOIISI(]
KOUBAIISUOD) I9JBAN OPBIO[OD) [BIUd)) Y} IIINSI
KOUBAIOSUOD) I9JEAN OPBIO[0D) UIAYMON] Y} AQ POpIA
-01d o1om ®IEp UONEIILL JOINSI JABAA SMOJ[IA )
pue 9oMSI UOHRIIUBS PUB IJBA JOYIEd AU} 99IISIg
uejrjodonayy 91e3ou01S A ‘10LISI(] UOTIBIIURS pue
IQJBA\ YOURY UTRIUNOIA [[og ) IOINSI( JJeA BZR[d
POOMURIIN) AY) JOINSI(J UOTIRIIURS PUL IJBA\ AQT[BA
Yoa1) A119yD) Iseq y) 101msi ueyrjodonajy 9oyo1y)
A} I0LISI(] UOTIBIIURS PUE I3JBAN [BIUUIUID) )
9100y apse) amsiqg uejodonA sauld AseD oyl
‘VdASN 2y Aq pepraoid arom osfe eiep A[ddns-orjqng
"pIeog UOTIBAIOSUO)) I9JBA\ OPBIO[O)) 9y} pue ‘AoaIng
[29130]095) OPEIO[O)) A} ‘SIOINOSAY IAJBAN JO UOTS
-1AL(J ope1o[0)) Ay} Aq popraoid arom uone[idwod

0002 Y} JO SOLI0S)ED [k 10J BIEp 9SN-19JeMm ‘OPBIO[0)) U]

0peIo[0)

sisAjeue jo spoyia\

uoneWIOUI JO S32IN0S

ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y U0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S N ‘DNH “Hodar ay) ur papnjour aIe s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

'1 xipuaddy




51

Appendix 1

"SIOATY OIYQ Y} IO (SO
"JS M0[2q) TdISSISSTIAL 9 JOYIT YIIM PaJeIoosse s1ojinbe Ko[[ea-ureans o) pouSisse pue (SJeWIS QANIBAIIS
-u09 ®) Juao1dd § Aq poonpar sem siojmbe [oALIS pue pues [e108[3 J0J S[EMBIPYIIM UONEBSLLI AJUunod [8)0)
oy ‘sny, “sysodap 1ojinbe A9[[eA-WRANS UI POUIAIIS 9 O) PAWNSSE I S[[9M UONRTLII AY) Jo Juadtad 76
‘s31sodop Ysem)no urejuod Jou op pue UONEIOB[S [BIUAUNUOD ATeuId)en() JO JU)Xd 2} JO YINOS I8 YOIyMm ‘san
-uno)) adod pue uosuyof uj "SISA[eUL Y} WOIJ PAPN[OXd 1M S}1sodap A3[[eA paLing yiIm sanuno)) ‘syisodop
A9[TeA paLIng Jo syisodop 1ojinbe Ao[[eA-wIBanS I9YIIS SB PAIJISSE[O 2IoM UONRIOR[S [BIUdUNU0D ATRuIdien()
JO JUAIX? Y} JO YINOS pajedo] syrsodop [oAeIS pue pues 's1ofmbe [oArIS pue pues [eIOR[S St PAlJISSe[d dIom
sytsodap [eAeIS pue pues ‘uoneroe[s [ejuaunuod Areuraiens) Jo JUAIX AY) JO YIIOU S[[om I0g “(L86T ‘Sull
-10D pue uewmog) s31sodap [9ABI3 pue pues Ul PAUAIDS dIe SIOUI[[] Ul S[[oM UONEBSLLI JO Judd1ad 76 ‘[[eIeAQ
"9[qB[TBAL JOU AIM SANUNOD dAIY) JOYJO ) 0] BIep AI0JudAUl [[oA\ “syisodop 1ojinbe Aoqjea-weans ur
PAUQAIDS 2IOM S[[oM A} JO JuddIad ()T JBY) PAMOYS BIRp AIOJUAUL [[M A} ‘SANUNOD) UOTU() PUB JBSSBA U]
"BIep AIOJUQAUI [[9M UOTIBTLLI YIIM PAUIqUIOD Sem UoneULIOJul [emelpyiim oy} ‘0Fedwnd uSisse of, ‘sisA[eue
ST) WOIJ POPN[OXa SeM OS[e pue Iojinbe [eran[e A9[[eA JOATY 1ddISSISSTIA 9Y) JO JUA)IXa Y} UTYIM ST )Juno))
JOPUERXATY "SIOATY 01 Y} JO IddISSISSTIA oY) JOYIIS 1M POILIOOSSE SIoJinbe Ao[[eA-WIean}s WOoIj PajerjudId]
-JIp 2q JOU P[NOD [RLIdJEW pauleld Joulj yjeaudq paring siojinbe joaei3 pue pues woiy afedwnd asneooq pasn
Jou 1M AJUno)) Tyse[nd WolJ Blep [eMBIPYIIAN “UIPIBH pue ‘uorun) ‘myse[nd ‘@dod ‘OBSSeJAl ‘uosuyor ‘Iopue
X9V :UONEBIOR[S [LIUSUNUOD ATeuIdjen) JO JUIXD A} JO YINOS SI BAIE PUB] [B)0) 9SOUYM SANUNOD FUIMO[[O]
) J0J POUTWEX? Sem dseq eiep uone[idwod (O Y} WOl UONBULIOJUT [EMBIPY)IM UONEBSLLIT I9JeM-PUnoin
*(¢ 91qe}) A[SUIPI0dOE POUTISSE AIoM S[EMBIPYIIM PUR SISA[eur
SIY) UT pOnuapT a1om I9JInbe [eranyre Ao[TeA IoAry 1ddISSISSIIA oY) JO JUd)Xd Y} UTYIIM SYO0[q ‘UOT)IPPE U]
‘s19jinbe A9[eA-weans 10J vL1o11Id Ismbal oy 109w Jou op sysodap yons asneoaq sIsA[eue SIy) Wolj papnjo
-Xd PUB PAITIUIPI I [BLIDJBW PAUTeIS JoUlj Yieauaq paLng sisgjinbe [oaeI3 pue pues Sururejuod syoo[g
"UonBIOR[S [RIUAUNUOD ATeuIdieng) JO JUAIXI Y} JO YINos syo0[q 23uel-dIysumo) 6¢| I8 219 [, "UOTJBULIOJul
oy10ads-9)1s Sk [Iejop yonui Sk Jou Jnq ‘ejep AJunod uey) [1e1ap 19ea1s papraoid jey) syoo[q a3uel-drysumoy
£q popraoid arom spemelpyiim [ernsnput parddns-jos pue A[ddns orjqnd jnoqe uonewojuy “s1ymbe Loy
-Tea-wreans woiy uononpoid juasardar Aprewnid ‘uoneroe[s [ejueuUnNUOd Areurdjeng) Jo JUAXQ Y} JO YINOS
PoILOO0] AIoYM ‘SIoJInbe [9ARIS pue pues ) WOl SeMBIPYIAL (9 "S1y) ApnIs SIY) J0J ISIANUI JO IOM ST
-unod 7O JO 9] AUO ‘210JaI1aY) {UOTJBIOR[S [BIUSUNUOD ATeuIdjens) JO JUIXD ) JO YIIOU SII[ SIOUI[[] JO ISOJA
*(S00T 'unuIwIod [e10 ‘AAING [eI130]
-090) 'S’ ‘S[[IA "D’d) JUNOWE SIY} UI papN[oul sfemeIpylim 1ymbe Aojea-wreans Suikyienb Aue axom aroy)
QJedIpUI PINoM Jey) sIojInbe /ayj() INOqe [qe[TeAR Sem UONBWIONUT Jojinbe 1oy)iny oN "p/eSIN 60T Iom
s1ojInbe 12y1() WOIJ S[emeIpyIIM [eI0L, “sIojinbe Ko[rea-ureans woiy semeIpyiim juasardar Aeur ‘Qouay pue
uoneIoR[3 [eJuUaUNUOd Areurdjeng) JO JUIXS ) JO YINOS PAILOO] S[[OM WOIJ QIOM S[EMBIPYIIM S} JO QWOS
‘IoAMOH ‘(7 x1puadde) spemerpyiim 1ojinbe [€10) Jo Juaoiad g9 10J pajunodde sisjinbe [oArIS pue pues [eIoR[D)

‘uoneqidwos ()T
9U) WOIJ paureIqo 1M elep uone3Luy siojinbe [oAvI3
pue pues [eroe[3 ‘1ojmbe [edround ay) woiy )OO 10J
sremerpyiim [ernsnpur parjddns-jos pue Ajddns-orqnd
pap1aoid S\ ST 2Y) ‘UOTIBSTISAAUL ST} JO] "o uer
pue ‘diysumoy ‘uerprrow [edrourid £q pa1ojs st uon
-BULIOJUT UOT)BIOT "SOPOd I9jInbe pue ‘s, )NH ‘SOpod
DIS ‘sad£y A1[1o8] ‘S90IN0S 19)eM-pUNOI3 pue -90BJINs
WOIJ UMBIPYIIM I9JeM JO SJUNOWE PUB SUONEIO[
sopn[oul sanI[Ioe] Sulsn-1aem Jo 3seq eiep (dIMI)
weI301d AJOJUSAUT JAJBAA STOUI[[] Y, “Modar s1y) ur
pasn ejep 9sn-IaJem JO A0INOS B sem aseqele( KoAIng
[EIOIOWIWO)-[RINSNPUT-OT[qNJ SIT 8/ 6] OUIS Je)S oY)
noy3noly) asn 1em A1ojuaaur o) werdord aarsuayard
-wod © pey sey (SAMS]) AQAING I2JeA) 18]S SIoUl[[] Y],

stour([]

sishjeue jo spoyiay

uoneWIOUI JO S32IN0S

ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y u0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S'N ‘DNH “Hodar ay) ur papnjour a1e s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

'1 xipuaddy




Estimated Withdrawals from Stream-Valley Aquifers and Refined Estimated Withdrawals

52

(8 "311) (SOOTZ < UnWWOd [eI0 ‘A3AING [BIIS0[030) S ‘UISUBH

"A°D) s1ojinbe Ao[ea-weans ajerrdordde oy 01 pouSIsse a1om SIOALL £G-18aU AU} ‘UM UONOUUOD JI[NBIPAY

ur pue ‘0) AJruurxoxd 9SO[O UT PIJBIO[ PUB WNIAN[[E UT PAUIAIOS I JBY) S[[om ‘sesuey Jo jred uIo)ses ay) ug

‘SfemeIpyIm 19Jinbe Lo[[eA-weaIs 10§ paleSTSOAUT JOU 2Iom pUE BaIe Apnjs 9y} OpISIno aIe sesuey jo jred

UIQ)SBAYIIOU ) UT SBAIR PIJRIORID) “IOYIO0 9y} WIOIJ A[qeySINSUNSIPUT I8 UO WOIJ S[EMBIPY)IM pue ‘Iojmbe

sure[d YSIH Y} IIM PIppaquua a1k siojinbe A9[[ea-wreans ‘sesuey] Jo 1ed w1o)som ay) U “uoneILUI I0J pasn
Apsour st jep) 19yem J0j Jojinbe sure[q ySty oY) uodn Aiaeay spuadap jey so3elS 1YSIo oY) JO QUO SI Sesuey]

‘10JInbe Loy[eA-weons ueoriqndoy oy) 03 pauSisse ag PINoOYS [[OM SIY) WOIJ S[EMBIPYIIM JBY) SMOYS

wreu uiseq QA Y} 10 [2A9] DN H NSIP-9 Y} J& SWEU UIskq ) JO MAIAI Y "UIskq S0 dureld au) ur Sur

-9Qq St paynuAPI 2q JYSTW [[oMm € ‘[oAd] DNH NSIP-§ 24} & ‘UOneNSO[[I U S "S[[oM [eNPIAIPUT J0] 9[qe[TeA®

"SESUBY] UT 9SN I9JeM UO UOT)BULIOJUT J1J100ds-a)1s

1M S3skeq BIEp UTRJUTEW SATOUASE 931} 9say) Joya30],
‘uonedrqnd pue ‘uoreneAd ‘UonI[[0d BILP 9sN-Iajem
YIIM SAIOUITR I)BIS 9SAY) SISISSB SOHS) YT, "BIRP S[E
-meapyim ersnput parjddns-jjos pue Addns orjgnd
10J 90IN0S Y ST QM ‘A[Tenuue sfemeIpyiim 11odor o}
szo1pddns orpqnd saxmbax (QAAI]) 20O T9TeA) Sesuey]
L, "1odar siyy pue uoneidwods 0Oz oY) 10j SOHSN
Ay} Aq pasn eiep sjemelpyiim Ajddns-oriqnd pue uon
-e3 LI JO 901n0s Ay} ST YA ‘suonerdordde 1ojem
90IOJUD PUE [SI[L]S 0] A[[enuue S[eMeIpyiim 110dar 0}
SIYSTI 10JeMm [IIM SIasn SAIbar (YAA(Q) SROIN0SAY 19}

uorjeuLIOUT UIseq QA pue DN H Sursn £q 1ojinbe Ko[rea-wreans oroads € 03 pouSIsse a1om S[EMEBIPYIIAL | -BAA JO UOISIAI(J-2Imnonidy Jo juouniedo( sesuey] oyJ, sesuey]
(SO0 ©unwiwiod [elo ‘A9AIng [ed130[090)
'S ‘eyzsng IN'd) sremeipyiim A[ddns-orqnd jo junowre o3re[ A[oAne[al oy} sure[dx yorym ‘I9jem punosd

MAIPYIIM JIATY OIYQ A} SUOTE SAMTUNWIWIOD JIYJO I} JO ISOUW TOAIMOH “Iojem doefins wody st Ajddns 1a1em ‘uoneqdwods 000g
Jo 9o1mos Arewrtid 31 pue TOATY OTYQ) Y} SUOTE Pajedo] ST ‘BUBIPUT UT A0 Js9SIe] PITY) Y ST YOTYM ‘Q[[IASUBAF | ) WOIJ BJEp ash URY) IOYJLI ‘W)SAS UOTIRULIOJUT dSeq
"SIOATI pUR Sureans Juofe WnIAN[[e se sefje eyep s) papesddn APuesar pey yorym YNJ] oY) WoIf
Q) UI UMOYS SBaIe Ul PAJedo] pue saseq ejep YN] Ul [PABIS pue pues [eIoe[3 S POULjop S)Iun Ul paudaIds paureiqo aram ()00 10J eiep ‘eurIpu] 10 "9pod DIS
QI0M JRY) S[[oM J0J JoJInbe AS[[eA-WEAI)S B 0) PAUTISSE QIoM S[EMBIPYIIM ‘UONEIOR[S [BIUAUNUOD ATRUIdien() Sursn £q paz110391ed A[1091100 9q A[UO UBd AJI[IoR]
JO JUIX? Y} JO YINo§ "saLrepunoq 1ojinbe pue suonesof [jom Surddewr Aq pado[oAap sem uonLWIOJUT OTJIO ) pue Joyjoue £q [RIDIOWWIOD,, SB PA[qR[ 2q ABWI
-ads-a11g (£ "31J) s1oyinbe Ao[[eA-WRANS WOIJ S[EMBIPYIIM JARY O} J[ISI[ PAISPISUOD IOM PIISI[ SANUNOD Kouage quo Aq Jemmsnpur,, se pafaqe[ st ey AJqroey
61 IV "uoneroe[3 eiuaunuod Areureens) Jo JUa)Xe ay) Aq pajoasIq aIe sanuno)) uojSuryseay pue ‘Kosoq B 9SNBJ2q UOTJBIIJISSE[O AJ[TOR] 10 [RONILID QI SOPOd
‘OId ‘QOIUOIA ‘UNIBJA] “QUAID) ‘UOSqID) ‘PAO[ ‘stoqn(q Ie[D ‘UMOIg JO Sied OLLIBA\ PUB ‘Y3INGIOPUBA DIS 1_ymbe pue QN H “A1unod ‘9pod DS 03 spresal
‘100uadg ‘K119 ‘@3urI() ‘QOUAIMET ‘UOSLLIRH ‘PIOJMEBID) UONRIOR[S [RIUAUNUOD ATeutdien() JO JU)X Ay} i Ao} Yora Jnogqe UONBWLIOJUL SeY seq Bjep
JO JIN0S Pajedo] Ik Sanunod g6 Jo Mo Iy (SO ¢ UNWWOod [eI0 ‘AoAINg [ed130]090) SN ‘eyzsng ‘IN'd) MNAI QYL SI9IW MO[J SN SANI[IOR] [LISNpUl ) JO
19Jem pUNoI3 JO 92INOS I[GEI[AI ISOW Y} A[[eIoud3 a1k s19jinbe A9[[ea-weans ‘UONRIOR[S [BIUSUNUOD AIBUI) wos pue s1arddns orjqnd ayj [[e A[TBaU ‘SI9)oUW MO[}
-enQ) JO 1UA)Xd Y} JO YINOS “($66] ‘SIOYIO PUB UO[AUI]) SBAIE PIJRIOR[S UI OS[E ‘SISUI] Paje[osI st Juasaid are a1rmbar jou sa0p YNAI 2Y) YSnoyy "asn IIem Jo
syrsodop [eAeIS pue pues snonunuodsi(] ‘deap 1 00t 03 0T 2q ued jey) sysodap [0 PIm pappaquue A[reord£) UOT)OAS “IJBA JO UOTSTAI( ‘(YNT) SIOIN0SY [eINeN
a1e Koy) 919yM BURIPU] JO SPIIY)-0M]) UISY}IOU JY) JO yonur arprepun sysodap qeroe[s parng (£ '31y) sysodop Jo yuaunreda(q vURIPU] Y} YIIM SISBQ [ENUUE UL UO S[&
ysemino juasaidar 01 seadde jou op pue 19jinbe Ao[ea-weans e jo adeys oY1[-3uLns O1SLIAIOBIBYD ) IARY -merpyim Apuow 3unaodar £q 191s13a1 3snwt p/[eIA

uoneIor[3 [eIUAUNUOD ATeuldjeny) JO JUI)X Ay} JO YINOS dIe Jey) BuBIpU] Ul s1ojinbe [oARIS pue pues jo sued 1°0 JOAO MBIPYIIM JBY) BUBIPUJ UT SIOSN IJBAA BURIPUT

sishjeue jo spoyia\ uoljeuriojul Jo S391N0g ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y U0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S N ‘DNH “Hodar ay) ur papnjour aIe s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

'1 xipuaddy




53

Appendix 1

(1 21q®1)

A1oAanoadsar ‘p/leSIN 1S°1 Pue ¢z Aq 19jinbe [eian(ie Aq[eA JoAry 1ddISSISSIIA 9yl pue wa)sAs 1ojinbe spue|
-MOT [BISBOD) A} 0] S[EMBIPY)IIM PISBAIOUL JUWAULI YL, "P/[ESIN S8'€ Aq 000T UT sIojinbe jp1anyy woiy
S[EMBIPYIIM [B10) 9U) PAONPAI JUWAUIAI STy ], “Iojinbe [eranyre A9[1eA JoAry 1ddIssISSIA oy 0 pousSisseal
PUE JO JUIXD Y] UIYIIM 9q O} PAULIFUOD d1oM s1djinbe jpiang;y yiim padnois pue (p/[eSIA 1S T) JOARY BIYD
-enQ oY) PIim qLOJ £q pejeroosse siojibe [eranyre woij sfemeIpyiigy (T o[qe)) waisAs 1ojinbe spueimo|
[e1SBOD) 9} 0} PAUSISSE “DI0JIAY) ‘PUL JO JUAIXD AY) UMM PJedo] a1am (P/[eSIA S¢'7) Iombe [e1an][e 1oATy

Py oyl 01 Q1O Aq paugisse sfemeIpylim ay) jo uontod e ‘sepje oY) ul pauyjop UOIIUIAUOD Y} SUIMO[[0]

(€7 '8y ‘g "d ‘8661 ‘U
-uoy) sepye ay) ur paddew siojinbe A9[eAa-wreans 0} puodsariod jey) soweu J9jinbe [800] 9y} JO SIseq ay} uo

peS0130s 10M S[EMBIPYIIAN "UONBULIOJUI O1J109dS-0)IS WOIJ PIALIOP QIOM BIEp [BMEBIPY)IM Iojinbe vueIsIo|

"J3S BIEp 9sn-Iajem SOS Y ul 1ojmbe redrourd
eudoidde oy 01 [[om yorvo WoIJ SfeMBIPYIIM JO UON
-BIO0SSE QY) QJBI[IOL] 03 J[INQ SEAM BUBISINOT UT PAJEIO]
szoymbe [edrourid oAy oyy 03 sowreu 1ojmbe aye1S G|
A} JO 9OUAIRJOI-SSOID V "[SAAD UIYIIM Sowreu 1ojinbe
0] puodsa1100 Op A9y Inq ‘Se[ie oY) Ul SOS oY Aq
pauljop Ik Jey) SAWeU JojInbe oY) 03 Je[Iwlis jou I8
sowreu 1oyinbe 1O QUL "eueismo] ur weidoid asn
-10)em dATjeIadood o jo 1red se o[qe[reAe opew aIe
S[eMeIpyY)IM pue ‘(eureu 19jmbe) 901n0s 10)em-punoId
‘uoneoso] [[om jnoqe uoneurrojuy ‘weidoid sedmosar
-101em (QLOQ) sausuwdo[oa( pue uoneyodsuel], Jo
juounedo eueISINO Y) Jo 1red se paIols aIe vjep oy}
pue ‘swoisAs 1ojinbe pue siojinbe 03 pouFisse are s|[op

BURISINO]

*SONIUNOD PAJOISIQ AY) WOIJ S[EMEBIPYIIM JO UOTSSTWO )
JO 9SNEBO9Qq QJBUINSI JATIBAIASUOD © Juasaidar A[oyI] pue ‘(¢ 9[qe)) IOATY OIYQ Y} Y)IM PJerdosse siojinbe Aoy
-[eA-weans 0} paugIsse a1am (UONERIOR[3 [BIUAUNIU0D A1euIden() JO JUIIX Y JO YInos A[oInud ‘p/[e3IN 201)
S[emeIpyiIm s1ojinbe jpianypy Jururewal oy, *(¢ 9[qey) Jojinbe Ao[[eA-weans € 0} pouSIsse 10U dIoM SONUNOD
9say) woJ (P/[eSIN 9° 1) S[EMBIPYIIM IQ)BM-PUNOIS PAUIQUIOD ) “AUI[ 24} JO YINOS IO YIIOU SB PAJRNUD
-IQJJIP 24 JOU P[NOJ SANUNOD PAJIISIQ UT S[EMBIPYIIM ISNBIAG U)X [RIOR]T UIAYINOS Y} Aq Pajoasiq I
SONUNO)) Q[QWILI], PUE ‘WEYP[O ‘UOIUSY ‘UNE[[BL) [[0IIe]) ‘QUo0y "TOATY o1y oY) Suofe saoe[d ur Ayonjuay]
0JUT SPUAIX? UOTIRIOR[T [BIUUNIU0D ATeUIoIen() oY) JO JUIXQ WIAYINOS oYL, “TOATY 01y oY) Suo[e pajedo]
s1ojinbe [e1an[[e 0) poudisse a1om (p/[eSIN €21) S[emeIpyIIM s1djinbe jp1angyy ‘uonerdwod ())g Y Wol
(¥ 3y ‘g3 d ‘G661 AT pue pAorT) sepe oy ur roymbe 49
-[BA-WBANS B SB UMOYS BaIE ) 0} spuodsaliod pueq SIy ], "IARY oIyQ 2y} Suofe pueq moireu e ur paddewr st
wniAn[e ‘Aonjudy U "uUOHEBN[IJUl 90NPUIl 0} IOALL AU} Jeau S[[om Funonnsuod £q painsud st A[ddns ojqepuad
-9p Y "IOAMI 9} 0} Juddk[pe WNTAN[[E 9y} UT PAUIIOS S[[oM mo[[eys woly sarjddns 1ojem-punoIs uo pue IoAL
oY) woiy sarddns 1ojem-a0eyns o31e] uodn puadop pue JOARY OIY() Y3 SUO. PAILIO] 218 UOI[[OLIR)) PUB
QIIIASINOT ‘SInquopuelg ‘Q[[IASOMEBH ‘0I0QSUIM() JO SUMO] AU ], "AYONUIY UL pasn A[AISUIUI JSOW JY) AIe
I9ATY o1y 2y} Suofe susodap [eIAN[[Y (6 "S1J) J9ATY OO 2y} £q pauLap s1 Aonjuay JO I9pIoq UIYMOU Y,
"[9A9] A1unod oY) 18 pajesaI3se arom saniioe) [emsnpurl pue Ajddns-1ojem orqnd 103 eyep oyroads
-aNS *(6007) 1oqreg pue urdney ur pajuasaid se sioymbe 42110 ur surewar uonesLur doro-uou pue doid 10y
S[eMBIPUIIM IoJem-punoIS p/eSIA ¢ T JO 9IeWIS UONESILIT AINUL 9} ‘0I0JOIAY ], "PAILUI[Ip A[OATSUIX
u99q Jou ALY AYONJuay UT SWIA)SAS I9jInbe oy pue ‘paouarajar Afeneds 10U ST UOTIBOO[[E [EMBIPYIIM Jojem
-punoi3 Juedrad  PAJBWNSI YT, *S[EMBIPYIM PAJLWINISI [£10) aY) JO Juad1ad 4 se ponduwiod arom spemeIp
-IA JOJBM-PUNOID) “TOAJ] 2JB)IS ) I8 pado[aaap 21om (s981n09 J[oF) do1d-uou pue dold I0J $9)ewNs UOHRSLLI]

'SOSN
Q) 03 SANI[IOR] [ernsnpur Oz pue sanioey Aiddns
-10)em o11qnd /97 £q popraoid a1om eyep oyroads-o)ig
Juawaabar yrured oy woxy 1dwoxa a1e SfemeIpYIIM
uoneSLuy Jwrad e oary 0) paimnbai a1e p/reSIA 10°0
I9A0 meIpyIm Je s1arddns orjqnd pue [eisnpuy
‘werdord jruad-[emeIpy)im-Iajem ) SI)STUTpPE
‘uonoas Kimueng) 191eAn ‘(AOSD) T9IBAA JO UOISTAI(
JouIqe)) Uord9j0Id [BIUSWUOIIAUL PUL SAOIN0SAY
[eameN AYonjuay] ayJ, ‘siorem o1rqnd woiy sfemerp
-ypim 9re[n3ar 0 Ajuoyine sey Aonuay| ‘ainels Ag

Ayomuay]

sisAjeue jo spoyia\

uoneWIOUI JO S32IN0S

ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y u0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S'N ‘DNH “Hodar ay) ur papnjour a1e s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

'1 xipuaddy




Estimated Withdrawals from Stream-Valley Aquifers and Refined Estimated Withdrawals

54

‘sdew o[eos-Teneds-Ia[[ews U0 pajEAUI[OP
A[uo ore s1oymbe Ao[[eA-wRAI)S QWIOS PUE ‘SB[IE Y} UT UMOYS JOU I JUIXA [0 Jo syrsodap [eran[yy ‘sepe
oy urt syisodop 1ojnbe Aoqrea-wreans Juraey se UMOYS JOU Ik ‘IRl IS PUB ATUSH ‘S[eMBIPYIIM IOUTUT (ITM
SANUNOd OMT, (SO0 ¢ UNWWOD UNLIM ‘AAING [BIIS0[090) S ‘BIUIZINH YOry) SAIpMIS 91j10ads-931s woy
poure3 93pa[mouy dY) U0 paseq PIAYIIUIPI IOM SAIUNOD I$AY) WOIJ S[emeIpyIIm Iojinbe Ko[fea-weang
“IR[D ‘1S PUB ‘QAQIAQUAN) 1S ‘SO ‘A110d ‘93BS(O ‘NBIIUOIA ‘UOSUYO[ ‘UOSIOLI[ ‘UOSYOR[ ‘AIUSH ‘OpBu0d
-sen) ‘uIp[uel ‘1odoo)) ‘9o ‘AKeme[[e)) ‘Quoog I8 SANUNOD ISAYL, "UOTIBIOR[S [BIUSUNUOD ATeurdlens)
JO JURIX? ) JO YINOS 10 SUOTE PAJedo] Ik S[emeIpyiim 1ojinbe Koqrea-ureans renusjod YIrm STUNOD UIXIS
"TOATY TINOSSTIN Y}
)IM POJBIOOSSE SIoJInbe [BIAN[[E WOIJ S[EMBIPYIIM [RURISqNS SUTARY SE POIUIPT A1om ‘(A)uno)) uosyoer)
KD sesuey] Jo AUIoIA oy} ur A[[e1oadsa IOATY LINOSSIA oY) Suofe sanunod [e1aads (6 d ‘L661 ‘[eddy
pue I[[IA) JOARY LINOSSIAL 9y} Suore syisodap [eranyy ay) jo uondriosap 9391dwod a1ow e sopraoid sepje
AU, "SIOATY IddISSISSI[A] pue LINOSSIJA Y} JO 9OUAN[JUOD AY) PUE AUI[ dJBIS LINOSSIA-EMO] ) U9MI9q SIdsN
10J I9JeM JO Q0INOS juelIodwT Ue I8 JOATY LINOSSIAL ) [)IM PJBIOOSSe SIoJinbe [BIAN[[E WOIJ STEMBIPYITAL
‘(p/IBSIN T2 1) stoyinbe jp1anjpy 01 pougisse a1om Jey) sfemeIpyiim Jo Ajuolew oy Juasardar sonunod
9SQU) WOIJ S[EMEBIPYIIA "UOTIRIOR[S [B)UaUNUO0D ATeuIdjens) JO JUIXD ) YIIM JUIPIOUIOD I8 SANUNOD ISAY)
SE ‘SanuNod GG Y} JO ¢ Ul sIojInbe AS[[eA-weal)s 0} pojeSaISTesIp J0U 91oM S[EMBIPUYIIAL 9)BIS 93 JO JIey
WIQYIOU Y} UI PAJBOO[ I8 SANUNOI GG ) ‘[e1oua3 uf “s)1sodap [eIAN[[E UI POUAIDS S[[oM WOIJ S[EMBIPYIIM
PeY LINOSSIJAL UT SANUNO0d G T JO 2A-AYL] (6007 ‘1oqied pue urdnely) sioyinbe jpiangyy pue 1oymbe [eranye
K9[eA JoAry 1ddISSISSTIAl 9y} 01 pauSISse a1om (9SIMIAYI0 JO UISLIO [BIOR[S JO JOU3Id) sysodop [eIAn[[e woly
sremeIpym (e ¢(g xipuadde) uoneridwos 0z 9y 103 s1ojmbe [oaeIS pue pues [e1oB[S oY) 0) paugIsse jJou
QIoM S[eMBIPYIIM ‘Q1elS o) JO 1ed pajeroe[3 oy ul Is1xd syisodop [eroe[3 paurer3-asreod ysnoyy (11 ‘3y)
IOATY LINOSSIA oY) Suoe ATYSnol 9)e1S 9y} SOPIAIP UONRIOR[S [RIUSUIIU0D Aleuraen() JO JU)XQ YY) ‘LINOSSIA U]

*asn I9jem UONESILI JO Uon

-ewnso oY) ur padjoy AouaSy UOISUAIXy [eInNOLISY
AYISIOATU[) LINOSSI]A] Y3 WO Isi[eroads uone3Lur ue
PUE 9JTAIOS [BI1ISTIRIS [RININOLISY LINOSSIIA Y], "osn
101em Teimsnput parjddns-J[os I0J vjep Jo 20In0os )
osye a1e swrer3oxd om) 9SoY) WOIJ Byep Y], "WeIdoId
[0nuo) uonnjod 191eA\ Yl pue wer3old 19jepy Sul
-YuLI o1qng 9y Jo 1ed se parsyjes uonewIojul
sopraoid ‘A)ifeng) [BIUQWUOIIAUY JO UOISIAIT YN
oy “A1ddns orqnd 104 "p/1eS 000001 ISB[ 18 SUTNIAIP
J0 Surdwnd jo o[qedes soniIoe] YPIm s1osn Jofew 0}
sarreuuonsanb spuas YN Y3 A[[eo1d£], ‘1IossIA 10J
P9109[[02 BIEP 9SN-I3jeM Y} JO JSOW JIOJ 9OINOS ) ST

CINQ) $22In0sY [eanjeN Jo Juowreda(] LINOSSIA Y,

LINOSSIA

sisAjeue jo spoyia\

uoneWIOUI JO S32IN0S

ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y U0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjiur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]000) *S N ‘DNH “Modar ay) ur papnjour a1e s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-18}1BM JO $89IN0S

'1 xipuaddy




55

Appendix 1

(€T "S1J) IOATY LINOSSTIA] Y} YITM SNONINIUO0D ATJOAIIP SLAIR JWOS SB [[oM SB (9ZIS UT Je)§ o)
Jo yyy-auo Kejewrxordde) Lrepunoq 1oymbe surejd ySiy 2y} Jo 1Sed pue uoneror[3 [eluaunuod Areursien()
JO JUQIX2 A} JO IS Isn[ BATL UB JOJ PIUTWLIANAP 2IoM S[EMEBIPYIIM IojInbe Ao[ea-wieong 1ojmbe sureq
YSTH oY) woij se paryiodar a1om 219y} S[EMBIPYIM [ "PRIBNUAIIP 39 Jou p[nod sjisodop omj ay) woij s[e
-MBIPYIIM pue ‘Iojinbe sureld YySIH o) Jo sisodap [9ABIS pue pues dI[IA0 B)S AU} JO SYIJIJ-92IY) UI)SoM
) ur s1oAll Suore syisodop [e1Anp ‘sosn uonesLul JoJ Ajsow ‘siojinbe [9ArIS pue pues [e1oR[3 WOIJ p/[eSIA
0T PATBIO) S[EMBIPYIIM pUE ‘BaIe [eroe[s Iy ur juasaid are syisodop [eroe[s paurers-osieo)) "aye)§ ay) Jo
[)J1J-0U0 UId)SED AY) UI YINOS 0 YIIOU ST A[[eIoua3 uoneroe[3 [ejuaunuod A1eureiend) Jo Jualxa ay) ‘BSeIqoN U]

"BIEp [[oM PRId)SISAI JO aseq eyep
B SUTBJUTEW SQOINOSAY J9jeAp JO Juountedo( ByseIqoN
QU [, ‘uoneWLIOJUT UONBSLLIL PIPIAOId QJTAISS UOIIBA
-IOSUO)) SAIINOSIY [BINJEN Y} PUB DIAIIS SONISNBIS
[exmnousy reuoneN (VAsn) 2Imnousy jo juouwr
-redo 'S N oy Yrog “($007 Yuawdo[oAd( JOTuouodq
Jo JuaunIedo(] eyseIqa)]) Juawdo[eAa( OTOUOdH
Jo juaunredo eyseIqaN oyl Aq paysiqnd ‘s1aImjoey
-NURJA BYSBIQAN JO K1030211(J ) Aq papraoid sem
UONBWLIOJUT [BLIISNPU] "BYSBIGON ‘BYRW() UI JOLISI]
sanIm uefodondA oY) pue ‘WISAS I9JeA| U[OOUT]
Jo K31D 9 ‘S0IN0sAY I1eAN JO Juduntedo BYSeIqaN
) “yresy Jo yusunieda(q eYSLIqaN ) 2Iom BYseIq
-oN ur ejep Kjddns-orjqnd 10j uoneWIOUI JO SA0INOS

BYSBIQON

‘SBAIE UISBQ [RUOISOII IO SAJ[[BA UIBIUNOW Ul s19jinbe
[0ARIS pUB PUES PAJEPI[OSUOIUN WOIJ AIOM S[EMEBIPYIIM ISNEBIAQ JO ‘BJEP DAISN[OUOIUI JO ISNLdq pIjesaIise
-SIp 10U 9IoM s19jInbe jpianyy woly sfemeIpyiim jo Ajuolew oy, “1ojinbe Aojea-weans e o) pajeSai3sesip
A[[NJSSo0ons 1M Jey) SIoJInbe jp1an)y Woy s[emeIpy)im pey (AINSeAL], PUB ‘SSBID) JoaM§ ‘pnqasoy ‘oLreld
‘UO[[B “I91IBD)) SONUNOD XIS SUIUTBWAL AU [, J[NOJIP uone3aId3esip oy Sunjew ‘sjun 1jinbe Ao[jea-weans
Srdnnur yiim pajeroosse £1qrssod 10 IOALI & [IIM PIJRIDOSSE Jou A[1ea[d s)rsodop [9ArIS pue pues pajeprjos
-UOdUN JAYIID UTBIUOD SANUNOD ISAY) JO U, "QUOISMO[[OX PUE ‘PUB[IBAYA ‘QINSBAI], ‘SSBID) JOOMS “ToIeM[[1S
‘PNQRSOY ‘OUITBI] “TOARY JOPMOJ ‘[[QUS[OSSNIA ‘UISB PIPN[ ‘AS[[BA USP[OD ‘UO[[B] ‘I9ISN)) ‘IdIe)) ‘uoqie))
‘uIOH S1g 218 sonunod 9] Y], Iojibe Ao[[eA-weans e woly se paulep 2q p[nod ey sxymbe piangry woiy
patodar SfemeIPYIIM PeY SANUNOD SAY L, ‘WISAs IoJIbe gIIARN Y JO JUIX3 ) UTYIIM JoU Ing ‘uon
-B10B[S [RIUQUNUOD ATeurdjen() JO JUA)XA Y} JO YINOS PIjedo] A[TBI[O I8 BUBJUOIA UT SONUNOD /G AY) JO UAIAIXIS
‘s1oybe [oABIS pue pues [e10B[3 oY) JO WISAS Jojinbe AN U 03 ped
-0133eSIp 210M SIoJInbe jp1an] Y WOIJ S[EMBIPYIIM OU ‘BUBJUOJA JO SIQjInbe [9ABIS pue pues pajepljosuodun
9y Jo uoneurwexa Sunn(y ‘s1ojinbe [oavi3 pue pues [e1o[3 oy pue s1ojinbe jp1anyy ay) se s3umyes oydesd
-093 Je[IWIS UI INJD0 Jey) s)1sodap [oALIS pue pues pajeprjosuodun jo sisisuod 1ymbe edournd sy pue
‘000 UI P/TeSIAL L'76 JO S[emeIpyiim pey (IIAMN) WalsAs 19ymbe surseq ouejuowiaiu] surejunojp £yooy
weyIoN YL ‘(S007 ‘Teqreg pue urdnely ‘p/[eSIN 9°¢¢) s1oyinbe jp1anjyy woiy asoy) o) [enbe Apresu arom
(P/TeSIN 6°¢€) s1oymbe [oAeI3 pue pues [e108[3 WOI) SeMBIPYIAL (7] S1J) wniAn[e A9[[BA-WEANS WOolJ )8
-IJUSIAJJIP 0) JNOLJIP I8 UISLIO UMOUUN JO [BIOR[3 WOl $}1s0dop poaureI3-9sie0d pajeprjosuodun ‘[erousd
ur ‘pue ‘9Je)S Y} JO PIIY) WIAYLIOU AY) SISSOID BUBIUOJA] UT UONBIOR[S [B)USUNUO0D ATeuIdiens) dY) JO JU)Xd oY [,

"QOTAIRS SOTISTIB)S [RIM[NOLISY
BUBJUOA ‘QIMI[NOLIZY JO juawtedo( vUBIUOIA oY}
PUE ‘90TAIOS SONSNE]S [BIMNOLITY [eUOneN ‘VASN
A woty paridwod a1om elep uonesL] “YJaSn 2yl
Aq paurejurew aseqeiep wWa)sAS UOTBULIOJUT JOTBAN
Sun[uLI 9Jes ) WOIJ Paure}qo sem UOT)BULIOJUT
A1ddns-o1iqng ‘uonedwos ()Og Y 10J pId[[0d
BIep 9Sn-Id)eMm ) Jo 1sow papiaoid UoNeAIdSuoD)
PUE SO0INOSAY [eInjeN Jo juawedd(q eruBIUOIA oY,

BUBJUOI]

sisAjeue jo spoyia\

uoneWIOUI JO S32IN0S

ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y u0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S'N ‘DNH “Hodar ay) ur papnjour a1e s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

'1 xipuaddy




Estimated Withdrawals from Stream-Valley Aquifers and Refined Estimated Withdrawals

56

'$11030)80 0M] 2SI} JOJ SPBUI 2q JOU P[NOJ SN Jajem
JO sajewmse 0s ‘uonedrur pue [ermsnpur parjddns-J[os Jo se110391ed AY) I0J S[qR[IEAR JOU SeM UOTIRWLIOJUT
uondNNSU0 [[om Surpuodsario)) JuaIdLo0d asn-1ajem eiides-1ad Ajddns-orqnd s 10X MAN puE PIAISS
uone[ndod 10j eyep Surpuodsariod Sursn opew a1am AJuno)) sndnereyie)) ur JOATY AUSyS9[[Y AUl Yiim paje
-100sse s1ojinbe Aoq[ea-weans woiy semerpyiim Addns-orqnd jo sejewunsy yoral sIy} Ul JOARY Auay3o[y
oy} Suofe 191em merpylim spm A[ddns-orqng *9[o110  Jrey,, & Sunyew ‘yinos ayj 0 AJunod Y} SurAB9[ udy)
pUe BIUBA[ASUUS{ WO} SULIIUD JOATY Auay39[[y 9y} sey Ajuno)) sn3nerene)) JNOLJIP 9q p[nom siojmbe
KQ[TeA-weaI)S JO UOTIROLTIUSPT JY) [[BWS OS ST JU)Xd oY) JO YINOs vare oy ‘Ayjuno)) Auedoqy uy "(97 'S1y) uon
-R10B[3 [RIUQUNUOD ATeuidien() JO JUA)XA Ay} AQ PajoassIp e (Aue39[[y pue sn3neiejje))) SANUNOD 0M) IOX
MIN] Jo 1ed u1a)som 9y} Uf ‘TeLIjew [e1oe][3 SUIA[ISpUN 9y} WOL] PAILIIUILIP 9 JOUURD WNIAN[[R BAIE SIY)
uJ ‘sysodap ysemino [B1oe[3 payiens ‘paureIs-osieod Aq pajayue[q st eare siy) pue ‘(¢ "85 ‘N 'd ‘ST 102
-10) UOTBIOR[S [RIUSUNUOD ATRUI)EN() JO JUAIXD A} JO YINOS ST JIOX MIN ‘PUB[S] SUOT JO JBY WIdYINOS Y[,

"1 ‘SIUBINSUOY) JUSW
-o3eury pue Suruue[qd puB 90INOSOJU] SLIEH WO}

paure}qo arom ejep [ernsnpuy “SurrouIduy [eordojorg

pue [eamnoudy jo juauwnredo ‘AIISIQAIUN [[QUIOD)
PUE ‘9JTAIOS UOIIBAIISUOD) SOINOSAY [BINJeN Ay} pue
9OIAIRS SONSTBIS [BIN)[NOLISY [eUoneN ‘VASN Y
apn[our sarudde 201mos uonesrur dor) sayejur 1o
S[[om Jo suonedo[ pue ‘Aep 1od suores ur spemeIpyiim
Aqrep ueaw ‘suonendod Arep o5e1oAR ‘S90IN0S 19jEM

Krewnd ‘paaras A10 ‘owreu soriddns o1pqnd ay3 se yons

uonewWIOJUI Sey neaing 3y, ‘000¢ 10J eiep Aiddns
-o11qnd 10J 901n0S oy} sem ‘uonojoid Arddng 1oyep
o1qng jo neaing ‘yieay Jo juowiredo JI0X MON Y],

JNIOK MON

'sdo1o o) WO pasn aIe ey SWISAS UOTBSLIT JNOqE UONBLWLIOJUT PUE ‘I3JeM JO 90INOS

‘suroped Surddoro ‘doio [enprarpur yoed 10j oFea1oe pajesLUI sso1d paje[nqe) surpnjour ‘seare Jurddoro

pareSLu 10j viep 3uisn 4SO oY) AQ PIALIOP IoM SIBWI)SI 9SN-19)em UoNeI LU “sasn [ernsnput parjddns

-J19s pue A[ddns-oriqnd 10} vlEp [EMBIPYIIM JOUIES 0] SANI[IOR] 01 JUIS 1M Salreuuonsanb Aoang sy

I9)em urseq-o1d (Irm SONI[IOR] J0J JO UIdDUOD JO UISBQ JJEM-PUNOIS B SB PAIR[OIP 10U SBAIR J0J Juroe]
a1om elR( "eIRp [eneds pue o1y10ads-031s Sursn pafiduwiod a1om ())()7 UT OJTXIIN MAN] JOJ SAIBWIIS ISN-TAIBAN

"S[eMEBIPYIIM [enu
-ue 110da1 0) parmbar a1om soNI[IOR] Y} JO [[e JoU Inq
‘nearng Iojep SunjuL(] S, Jusunieda(] JUSWUOIIAUY
0JIXIIA MAN ) Aq papraoid arom ose A1ddns orqnd
10J BIR( "(HSO) IeoUISUF 9)BIS 2U) JO IJO OIXIN
MaN o3 Aq papraoid a1om eyep [eneds pue oi1oads-911§

OOIXJIA] MON

"KosIof MAN UT s1ojmbe Ao[[ea-ureans o} paynquiie o1om S[eMBIPYIIM OU ‘UOT)
-BULIOJUT STY) JO STISeq oY) UQ "(§OOT < UNWUIOD [eI0 ‘AKAINg [BIIS0[0dD) "S' () ‘UAMEN UYO[) UOT)BRUTWIRIUOD
I9)em punol3 Jsurese 309)o1d 0] }o0Ipaq 0] pased are A[[edo1dA) Bore SIy} Ul S[[om QIOULIAYLIN "S[[oM Uone3LI
-IT WOIJ S[EMEIPY)IM 9ARY 0 A[oyI[Un I Jey) SONIUNWIWOD WOO0IPAq SI0L MAN JO Pasodurod ST Jsa1oiur Jo
BAIR OUJ, "UONeSILI 10] 219m pue (g xipuadde ‘p/[eSIA 77 () Jouru a1om w)sAs Jojmbe [erorpins oy woiy
S[EMBIPYIIM ‘TOAOMOH "WRISAs Iojmbe [eronans oY) oq pnom S[eMBIPYIIM [yons AUE J0J 2JePIPULd J[qeuOosLal
A[[eo1301093 A[uo 9y, "9sey) uey) Joylo s1ojinbe woij poje3oi33esip oq 0 9ARY P[NOM ‘AISIOf MON UI JUD
-saxd J1 ‘spemeIpyim 1oymbe Korea-wreans snyj pue {(go0g ‘Teqreq pue uidnejy) 000g ut s1oymbe .ay10 10
[p1an]]y 0) pAINQLIIE 9I9M S[EMBIPYIM A3SIof MON ON (71 83 ‘91 'd ‘21661 ‘WIoH pue ddei]) erueajAsuusg
JO 939 UIRISED A} PUB AISIA[ MAN JO IFPI UI)SOM ) TeU JOATY dIeme[o( 2y) Suofe wniAnfe jo pueq
molIeu © Jo 90udsald ay) pamoys (000 “IRIITA) Se[Ie 2U) 9SNedq PAIBNBAD AIOM S[EMBIPYIIM KISIf MAN

"UOTBULIOJUT ON

AKosIo[ MaN

sisAjeue jo spoyia\

uoneWIOUI JO S32IN0S

ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y U0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S N ‘DNH “Hodar ay) ur papnjour aIe s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

'1 xipuaddy




57

Appendix 1

"uo13a1 [e1o.[S AU} JO OPISINO A[QINUS oIk Jey) SBAIe UI S[e
-meIpylm 1oymbe Ao[rea-weans oyroads ojur sioymbe jpiangry woly spemeIpyIm Jo p/leSIN 7 €T Ul OpIAIP
-qns 03 9[qrssod jou sem 1 *(¢ x1puadde) uoneroe|3 eIuAUNUOd ATRUIIEN() JO JUIXD AY) UMM Ie JeY) SN
-UNod UT a1oMm SIoJInbe jp1anyyy w01y )OO UT STEMBIPYIIM 97} JO JSOW ‘SIAMUNOD [[& UT SAIPN)S IJJem-punoId
Te9K-G7 QATSUIUT JO S)[NSAI pue ‘BIode( YMON UT S[eLIdjew [eIAn[[e Jo uonisodap jo sotwreukp ay) uo paseq
*SIQALL JO sweans Aep-1uasaid yyim 108Iu0d 9130[0IpAY 109IIp Ul JOU Ik A3} 9snedaq uone[iduwod sy}
Ul POpN[oUI Jou Ik s1ojinbe [eIAN[R AS[[RA-WEAI)S JUAOUR ISAYT, "(£ 00T ‘UOISSTWIO)) IABA\ 2JBIS BIONe(
UJION) JUSWNO0P $ALIAS 11ed-021) B UT paNUapI sem AJUN0D) AIZUIYIIA Ul JoJInbe I0ATY LINOSSIIA [N B
‘ordwrexa 104 ‘saoe[d Jo Joquinu  ur wnAnj[e A3[[eA-weans jo sysodop a31e[ paonpoid saLeingLn I19y) pue
SIOAII , BSoUL,, 9SAY ], "UOTIORIIP JSEAYIIOU PUE ISLA 0) JSaMm e UI A[[eIouas ejoye( YION YSnoIy) pamorj pue
SUTRIUNOJA] AY00Y Y} UT PAJEUISTIO YOTYM SIQALI JUSTOUE 9JIe] [RIOASS 9IoM Iy ], 'sysodop Ao[[ea-weons

MO[[BYS PUE [BIOB[T [JBoUSq PALING MOU dIB PUB PIMO[J 9OUO SIOALI JUIIOUE dISYM SIISOdOp WIOI] POALISP QI8

pue s1ojinbe jp1anyyy oy) 03 pouSIsse a19m BIONB(] YMON JO SiTed ouwos Ul S[EMBIPYIIM JOJEM-PUNOIS dWOS
"Se[Je 9y} JO 9 AINS1J UL WNIAN[[E PAUILIS-9SIE0D JO UOBAUI[OP
® Jo 3red QWoOS SUre)uod UONRIOR[S [BIUUNUOD ATRUINEN() JO JUIXS 9Y) JO YIIOU SI Jey} ejoye YHON Ul

KJunod 10430 A10A9 A[TRaN "odOo[S pue ‘1e3unjoy ‘A9[[eA UIP[OD ‘Uewimog ‘s3ul[[rg ‘swepy are (¢] “d ‘9661

‘peAyAIYAL) SB[IE oY) JO 9 2InSIj Ul WNIAN[[B PIUTRIS-0SIL0D JO SUOIBIUI[IP ALY PUEB UONBIOR[S [BJUSUNUOD
Kreurareng) Jo JUIXI Y} JO YINOS A[QINUS 9k JBY) SONUNO0D Y], *(£] "S1J) BOIR SIY) JO IPISINO ST JOUIOD UID
-1SOMYINOS 9y} ATUO ‘UOTIBIOR[S [B)UaUNUO0D ATeuiojend) JO JU)XS YY) JO YJIOU SI BJoNe(] YMON JO [[ ISowy

‘s1oymbe 1edround oyy

0} sasn uone3uur pue ‘[ersnput parjddns-jjos ‘A[ddns
-o11qnd 10 S[eMBIPYIIM JOJeM-PUNOIS AJUNod [€10) JO
uonEeIo[[e JY} 0) JOLId PIAJOSAT AIdM SIOUIJJIP Y[,
‘sowreu 1oymbe [edround gHsn pue suoneorqnd soLds
jred-001y) o) U9aM]q JSTX? s19jInbe Jo suonTuIzop

puE SOISO[OUTULI) UT SOOUAIIJIP WS *(£ (T ‘UOTS
-STWIWOD) JAJeAN 9)BIS BIOYE( YMON]) suonedrqnd pue
su1odoy jo 21do) oy Jopun 9)ISqOM UOISSIWOD) JIBA
'S BIONE YMON Y} WOIJ PIMIIA g Ued sytodar
AKunood 9y Jo Sunsi Y TOAJ] AJUNOd ) JB SAOIN0SAI
I9eM-punol3 pue A30[093 Y SIQLIOSAP SALIAS YOrH
*91)S A} UT SANUNOD ¢G Y} JO Yora I0J SALIas jred
-9a1y) & paonpoid pue s,)86 1 e[ oY) UI PAYSIUTJ Sem
BIOB( YHON UI S9OINO0SAI Idjem-punois ay) Jo Apms
IeQA-GT SIYJ, "AQAING [€2130[020) BIONR( YMON 2U) pue
UOTSSTIIWIO)) JAJBAN 181§ BIOYR( YHON ‘SOHSN Yl
uoam1aq Apnis aaneradood e o jonpoid e se pajo[dwod
sy10dor WOIJ UOTIRWIOJUT PUE UOT)BIUSWNIOP SuIsn
S19JInbe U09M)q PIPIAIPQNS ATIM S[EMBIPYIIM I9jem
-punoig £3unood Yy, "ATeSS203U Sk BIEp AIR[[IOUR pUB
SJURIOLIJO0D pue ‘9[qe[reAe a1aym elep aedwind payod
-oI pue ejep jrwrad Sursn pajewunso dI9M S[EMBIPYIIM
uonedur ¢siojerado Ajroey pue siokoaind ayy woly
pourejqo arom sfemeIpyiim rermsnpur parjddns-jjos pue
A1ddns-orqng "uoneqidwod Oz Ay} WO SAILUWSI

KIUN0D WOIJ POALISP 21om elep 19jinbe ejoyeq YloN

Bl0Ne YMON

sisAjeue jo spoyia\

uoneWIOUI JO S32IN0S

ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

pIepuel§ ‘OIS ‘A0Ud3y u0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S'N ‘DNH “Hodar ay) ur papnjour a1e s9[qe) pue saIn3iy pajoN ]

'1 xipuaddy




Estimated Withdrawals from Stream-Valley Aquifers and Refined Estimated Withdrawals

58

‘19JInbe A9[[eA-UIRANS B WIOL) [EMEBIPYIIM JO 9DINOS B SB UONBIIPISUOD J0J BLIAILIO JU) JOW [[oM B Jey])
WIuod 03 pasn sem ‘yidop pue 1ojinbe Jurpnpour ‘uonewWIOJUT UONONISUOD [[IAN “UONEBIOR[S [BJUSUNUOD A1
-euId1eN() JO JUAIXD 3] JO YINOS 2IaM S[[aM [[B Puk ‘Iojinbe A9[[eA-weans pajerdosse ue 10J IoAll aetidordde
Yy AJnuapr 03 paddew a1om S[[9A "(0T “S1) Iojinbe Ao[ea-weans e 0) paudisse oq A[fenuajod p[noo yorym
‘s3150dop [9ABIS pue pues pajeprjosuodun ur pa)o[dwos a1om jey) sSursed oy} ur sSuruado YIIm pojonnsuod
Q1om s19jinbe ueruBA[ASUUS] 9Y) JO JUAIXA AU} UIYIIM S[[om dwoS (¢ 2[qe)) s1ojinbe Ao[ea-weans XIs yim

"BIUBA[ASUUS UT AJTATIOR [RIOIOUILIOD B SB

POLJISSE[O I8 YOIYA ‘SISIN0D J[OF PJOS[as 10J BIep Uon
-eS1u1 popraoid JAQVJ Ul eyep uonediur papiaoid
mnouy Jo juounteda(q BIUBA[ASUUS QY , *osn [eLI)
-snput parjddns-3os Jnoqe eyep papraoid UOISSIWIWOD)
urseq JOATY euueyanbsng oY) pue ‘UOISSIWILIO)) UTSEY
JOATY AIEMB[I(T oY) ‘AoUdly UOI109)0IJ [BIUSUIUOIIAUL
SOBIS PANUN Y ‘JHAVd QY.L "posn a1om uone[idwod
G661 AU) WOIJ BIRBp [BMEBIPYIIM ‘SOIIUNOD [[BWS JWOS
10 "Aep 1ad uosiad 1ad suo[es (9 Jo JuaIdIJo0 B
SuIsSn POJEWINS? AIOM S[EMBIPYIIM ‘SUISSIW AIOM BIED
asn-IojeMm JNq d[qe[IEAR a1am PaAIas uone[ndod oy 10§
vIRp JI "SWoIsAs 19jem-oriqnd WoIj viep [eMBIPYIIM
pap1aoid (JHAVJ) UONOS101 [BIUSWUOIIAUL JO JUSUIL

pajeIoosse pue paje3aIdesip arom ‘siojinbe uerueajAsuus ‘roymbe rediourid ay) pue .ay1 WOIJ STEMBIPYIIA -redo( erueAjAsuuod ay) ‘uone[idwod )0z oY 10 | erueAjAsuusg
“19Jinbe A9[eA-weans sy

I0J PAyNIUAPI 9IoM SIJINbe jp1an]]y WOIJ SfeMBIPYIIM OU JNq TOATY OUSOaN ) Suofe 1ojmbe Kofrea-wreans 'SDS) 2y} 03 APo2IIp BIEp
[enuajod e paynuapt (9661 IOpAY) sepe YL (61 "S1J) SIOALY BIIYSEA\ PUB ‘UBIpRUR) ‘UBIpRUR)) YLION asn-197em [esnpul parjddns-jjos pue Kddns-orqnd
‘UOLIBWII) ‘SESURYIY ‘PAY oY) YIIM PIILIOOSSE 2I0M BWOYRQ UI s19jinbe A9[[eA-weans woij sfemeIpyiipy | papraold Ajoyiny I0ARy puels) dy) pue es[ny, jo A1)
(G00T unuwwIod [eo ‘AdAING [BIISO[03D) 'S'() ‘UOSUASLIYD) *D'S) AT8SS90U UdYM sjIsodop 90e11d) ay ‘K31 ewoyeQ ‘uonippe uy ‘uone[idwod )nOg
PIR[OST 0] S[EMBIPYIIM USISSE 0] Pasn AIdMm SJIUN JJ0I [BNPIAIPUT JnOqe 9Fpajmoury| Jo sawreu 1jmbe ewoy Y} 10J SOS) Y} AQ Pasn Sem UOTIRULIOJUT SIY ], "SIsn
-eP[O "S[[oM [eNPIAIpUI WOIJ J[qe[leAR uonewiojur D H 3uisn Aq siojmbe Lo[[eA-weons o) pougisse arom uoneguur pue ‘reysnput parjddns-jjos ‘A[ddns orjgnd
S[EMBIPYIIM JOJeM-PUNOIT ‘S90URISUT TIOUJ0 U] “A[SUIPIOdOE PouSIsSse 9q P[NOD S[EMBIPYIIM PUE ‘SE[je ) Ul WOIJ BIep [EMBIPYIIM JOJ[[0D 0} AJAINS ASN-IJeM

paddew siojinbe As[[ea-weans oY) 01 Aoex9 papuodsariod sowreu 1jinbe ewoye O oY) ‘SOOULISUL JSOW U] | [ENUUER UB S[IBW PILOY SOOIN0SAY I9Jep\ BWOUePO Y], BWOYRO
"KQ[[BA IOALI OLIO)STY © JOU ‘sanIIoey 11y) 10y Aroededs juerd
PUE JOALT SUTISTXQ UB [IIM PIIBIOOSSE 1M SIofInbe o) Jey) oInsua 03 Joayd aoueInsse Ajfenb e se pasn orom juaunean pue ‘ofesn A[Tep pajewns? ‘(I9jem a0ejIns 1o
seare auoid poorj jo sdew K)unod ‘uonIppe U "SIGALI pUE SWEAI)s SUOTE WINTAN][E JO JUAIX ) UIIIM S[[oM punoig) 201mos ‘paaras uorendod o) uo uoreULIOJUT
109[9S 0] pasn aram sdew YN YL "§ 2IN31J Ul UMOYS SB ‘SIOALI pUE SWeans uofe wniAn[e pue siojinbe op1aoad siarpddns o1qng *sn 19jem pue ‘S90INOSAI
[oA®BIS pue pues mo[[eys ay) Y)m IpIourod A[jerouas sysodap [eranyre ayJ, ‘sysodop [eranfe ([e1ogns) mof I9JEM-PUNOIT ‘SOOINOSAI JOJEM-9IBJINS UO SUOIIIS
-[eys 2I0W WO} PAIRNUAIIP a1k sjsodop A9[[ea parng ‘sdewr asayy u "ASo[oyII] pue ‘soweu [BO0] ‘STUINS QI 2I0Y) ‘S)O2YS 108 U3 U] "(JULy UUUI/SIUI]/NPI NSO
0130[0230IPAY ‘SSAUNDIY} JYLIP J0J SAINQLIIL [RUONIPPE M ‘dnurwt Jod suofes ur ‘p[ark ojewrxoxdde oy “2u1j01yo//:djgry) 981§ A Ul AJUN0d AI9AS JO SAOINOSAI
jordop sdewr asay ], o1y Jo s1ojinbe pajeprjosuooun ay) 10§ sdewr oprmoaje)s paonpoid sey UOTSIAI(] Y], IoJeM A} UO $)93YS O8] UOTSUA)XH PAJeaId sey
"I9JeAA JO UOTSIAL( “YNQ Y} WOIJ Bjep Papn[our SemeIpyiim 21e3o133esIp o) pasn uoneurojur oyroads-a1g (8007) A11sI0ATU() 9)BIS OTYQ ‘UOTIIPPE UJ "SN Jajem
*SOIIUNO)) UO)TUIYSEAA PUE ‘UOJUIA ‘SBMBIBISN], ‘01010S ‘OYId ‘WNSUDSNIA ‘UBSIOJA ‘QOIUOIA 119y) Jo syodal [enuue 91 S19sn paIdlsI3ay ‘sjurod
‘STIOIAl “QOUIMET ‘UOSIQJJR[ ‘BI[[RD) ‘U0JOOYSO)) ‘[[OLIR)) ‘JUOW[og ‘SUQY}Y B SIOALI pUE SWEaI)s Suofe Q31BYDSIp JO UONEOO] puE ‘@sn Jojem Jo 2d£) pue uon
wniAn[[e SurAey se g1 2In3Iy Ul pAJensn{[I UONLIOR[S [BIUAUNUOD ATeuId)en() JO JU)XD ) JO YINOS PARIO] -BO0[ ‘S90IN0S IdjeM-odejIns 1o -punoid ‘Ajoeded
SQIUNOd o1y YL, "eIep oyroads-ayis £q partoddns aroym siojinbe Aofjea-weans oyyroads 0y pare3ord3esip [eMBIPYIIM UO uonewIOuI 9praoid soniroe] ‘weidold
QToMm ‘UOTIETIOR[S [RIUSUNUOD ATeuIa)en() JO JUA)XA AU} JO YINOS Pajedo] ‘ajels oy jo jred jey) ur s1oymbe uonensISoy ANIoe [eMeIPYIA JOJBAA 1) ySnoIy],
[9ARIS pue pues [eIOR[3 WOIJ S[EMBIPYIIM ‘APn)s STY) I0J SNy, "POYTNUIPT dIoMm S[eMeIpy)Im 1o5inbe Koyrea "I9YeAN JO UOTSIAI(T ‘(YNAO) SISy [eInjeN Jo
-weans awos jey) 1ojinbe jedrounid siy) 10J sem 11 pue ‘s1ojinbe [oArI3 pue pues [e1oB[3 0) PAINLIIIE I9M juounteda(q o1y AY) YIM S[EMBIPYIIM I19Y) J9)SI3a1

uoneIor[3 [eIuULUNUOd ATeurdjen) JO JUIXD ) JO YINOS Pue UIIM [Joq S[eMBIPYIM ‘Uone[idwod )O0g Ul U] | ISnu p/[eSIAl ['() J9A0 MBIPYIIM JBY) SIS Jajem ‘OIyQ U] oo

sishjeue jo spoyia\ uoljeuriojul Jo S391N0g ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y U0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S N ‘DNH “Hodar ay) ur papnjour aIe s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

'1 xipuaddy




59

Appendix 1

"BIEP QAISN[OUOD JO YOB[ oY) JO 9snedaq
000 T0J 00Ty 011N J0J POJEWINISA dIOM S[EMEBIPIIM IoJInbe AS[[eA-weaI)s ou ‘TOAOMO "swa)sAs 1ojibe
JsB0D) YINOS IO ‘S1ojInbe quojsawrT 1seo)) YMoN ‘siejmbe 4210 woij peyodar SfemeIpy)IM WOIJ SUoTonpal
areurdoadde oq pynom yons se pue ‘sfemeIpyiim Jojinbe As[[eA-weans paropisuod oq Afrenuajod pinod spe
-MBIPYIIM SUTPUOdSa1I0d IIm (GO0Z) BIQARY-BUI[OJA UI pajou syisodap ‘@1ojaray], ‘s1ojinbe Ao[ea-weons
uonuaw A[[eonroads jou op pue pazieIoudsd are sepe ay) ur syisodop [eranyre Areuroen() ay) jo suondrosaq
‘s1oybe oy Jo sonaadoid [eorsAyd oy uo puedxd jou soop Inq ‘sowreu Jojinbe £q pue soourroid 1o1em
-punois oy} Aq S[EMEIPYIIM SB[Nqe) IYMNJ (S00T) BIOATY-RUT[OIA "(07 "S1J) Sepie oy} ur umoys s1ojmbe A1
-Tea-[eIAn[y Areurdiend) Yim A[[e1oudsd puodsaliod pue ‘Seate JOLIQJUL UL SB [[M SE ‘pUe[SI Ay} JO QUI[ISLOD
UIQ)SE PUB UIAISAM ) TUO[E PAJed0o] ATk (7 "I ‘GOOT) BIAIY-BUI[OJA UI Udas st sjisodop asay], “syrsodop
a3e Areuraren() pajeprjosuodun jo pasodwod are jey) sysodop [eIany[e asoy) A[eoyroads pue 0oy 0l1end jo
s1oymnbe pue soourroid 1ojem-punois sajensnyyr 3odar ey Jo 4 23y {(GOOT ‘BIIARY-BUI[ON) SIojinbe pue
ordrotunw £q [rejop ut payodar a1om (onsowop parjddns-jjos Surpnjour) s1osn J9Jem-punois I0J S[EMBIPYIA
‘s1oynbe Ao[jeA-weans 0) pee3aI33esip a1om
195mbe Js80D) YINOS Ay} WOI) S[EMBIPYIIM OU ‘19jinbe A9[[eA-weans v Jo uonuyap 9y 31j jou op Iojinbe
JSE0D) YINOS AU} UI SJUAWIPIS [BIAN[[E YT, "YISUS[ UI TW () puB YIPIM UI W G O} { Jnoqe sageroae jey urerd
BJ[Op-UEJ SNONUIIUOD B WLIOJ 0} PIISI[BOD JARY SBI[AP ULJ O [, ‘[ENU)) BIS[[IPIOD) Y} JO SYO0I ATRIUAWIPIS
PUE OTUBI[OA U} JO UOISOId WOIJ PIALIP $)1s0dop BI[op-URJ pue [RIAN[[E JO SISISUOD IdJInbe 1580 YIN0S Y[,
‘(1L 85 ‘N "d ‘6661 ‘s1oyio pue IO[I]A) siisodop 1ojmbe juooelpe oyy ‘woiy ureS 1o ‘03 AInqrn
-U0d JOUJIQ JBy) SUOTIIAS UT SUOTIIPUOD MO[J AQ Passardxa ‘soyoral Sursof pue SurureS dAeY SWEANS ‘SAINJE]
19)eM-90BJINS AU) YIIM JOBIUOD JIO[0IPAY UI pue SAS[[BA [BIAN[[E AY) UI PAULJUOIUN ST ATISOUW Jojem PUNoID)
‘suoneur1oj Sul[Iopun Y Wolj 2JeUISLIO JBY) S[BLIQJEW PAIdYIBIM PUB PAIBPI[OSUOIUN JO ISISU0D sysodap
[eIAN[[Y “PuUe[SI ) Jo 1red uraisamyinos jsowr ay) ur 3dooxa syisodap feranyre pajeprjosuooun Areuroiend)
ou 0) M3 M IoJInbe 1580 YINOS ) JO s)sodop A1LIUSWIPas dARY SLAIR WIAYINOS A, "s}sodap [erany
-Te pajeprjosuodun Areurdjen() Mo[[eys IIm ure[1oAo sjrsodop auojsowi Jurdofs Apuas £q ureropun are
001y 0)19nd Jo sired UIOYIIOU oy, "S[ELISJRW ATR)USWIIPAS PUB SNOJUST OTSB[OTUBI[OA JO ISISUOD Jey) SOOI
SUIBIUOD ‘[eNUI)) BID[[IPIOD) AY) PI[[BD ‘BaIe SNOUrejunowl [enudd oy ], ‘urerd [e)se0d UISYINOS € PUL BIIL SNO
-urejunow [enudd e ‘AyderSodo) isiey jo eare wroyiou e :seare oryder3orsAyd 991y} 03Ul PIpIAIP ST 001y 031ong
‘sasn Addns orjqnd 10j A3sowr uodn porjar a1om s1ojnbe ylog "p/leSIA € ¢ pPopIA
-o1d 1o5mbe 3580 YINOS Y1 pue (p/[EIN 6°8S) 1o1em punoi3 jsow ) papraoid walsAs 1ojinbe ouojsowr|
JSe0D) YION YL, “12Yyi() ul s1ojibe Jo sadA} asayy 10J sfemeIpyiim pajrodar 0ory 011N ‘9I10Jo1ay) ‘s1ojmbe
p1an]]y 10J SfemeIpyIM 21038 0) Ayrunyroddo o) 001y 0319Nng pIOJJe Jou pIp dseqejep uone[idwod )00z oYL
17 "31J Ul UMOoys dIe 001y 011N ul ‘siojinbe Ag[[ea-[eian[py Surpnjour ‘siojinbe fedourid oy jo suoneoo|
‘poreSLLI sa10e pue ‘sad£) Jopyurids ‘s3usIonje0o asn-oandwnsuod doio ‘sad£y doro
poje3LuI uo paseq pofiduiod axom spemerpyiim uone3Lur payewnsy ‘Aep 1od uosiad 1od suoq[es g9 jo oLy
1009 asn Arep ejideo-1od A[ddns-orqnd e pue HO@¥d WOoI} vlep SuIsn pajewinse a1om saniroey suntod
-QI-UOU JO[[EWS JOJ $9JeWNISe 0S ‘YSVId Aq partodar arom soniioey Ajddns-oriqnd [[e JON "S[emeIpyiim oy}
91eSa133e 0] pasn a1om sonyea uononpord A[gjuow pue saweu A)Ioe] POUTEIUOD Jey) SPIOJINY "SAJeIS payIu)
U} Ul SAnUNOd 0 JudreAnbo ayy A[[erouds are yorym |, ‘sordiorunur,, Aq paZurewiwuns e os[e Ay) ‘eiep diy1o
-ads-911s U0 paseq s1vjinbe 01 pausisse arom sosn [esnpur pue A[ddns orpqnd 10J spemeIpYIIM J9)EM-PUNOID)

(HO@¥d) WieeH

Jo Juaunreda 0oy ol1ang 2y} pue ‘preog Aen)

[IUQWIUOIIAUL 00Ty 03INJ ) ‘SOIN0SAY

[EIUQWIUOIIAUL pUe [eINJeN JO Juoul

-1reda(q 0ory 0119ng Yl (VSV ) A1oyiny 1omas
pue jonpanby 001y ol19ng 2y) woij papraoid arom eleq

001y ouang

sisAjeue jo spoyia\

uoneWIOUI JO S32IN0S

ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y u0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S'N ‘DNH “Hodar ay) ur papnjour a1e s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

'1 xipuaddy




Estimated Withdrawals from Stream-Valley Aquifers and Refined Estimated Withdrawals

60

(6007 ‘"unwwod

[e10 ‘AoAIng [B0130]020) "S°() ‘AIqIeq BUB(]) SOIINOS JOJBM-OJBLINS WO PAUIL}qo Ik SexJ], JO BaIe SIy} ul
S[RMBIPYIIM JIJeM (SBXJ], UI PIZI[IIN JOU ST (19PIOQ BWOYR()-SLXJ], A} UO) JOATY PAY AY) [IIM PIIBIOOSSL
1o5mbe Aaqrea-weans oy, "($Z ‘3y) (§007 < unwwod [eIo ‘AAAINS [BdIS0[0dD) "S () ‘DIqIeq vue(]) JOATY

*$O11059)80 9sn-Iojem (OL1JOI[O0ULIIY))

1omod pue ‘(fersnput parjddns-jjos) Sunmjoejnuewr
‘(A1ddns oriqnd) [edmrunw apnpout $HSN pue GAML
U2M)Aq JJJIP JBY) SUONTUTIR(] osn dAndwnsuod

£q eyep osn-1ojem [[e sare[nqe) gL QUL "osh AT}
-dwnsuoo pue ‘sa0INos I9JeMm ‘S[EMBIPYIIM UISEq JOALI
pue AJunod Jnoqe ejep d1y1oads surejurew jey) aseq
Blep gAML ® WoIj uoneutojul yym suore gam.L
woiy syrodar oyroads Sunsonbar £q paAjosar o1om
SQOURIAI(T "SOSN oY £q pasn asoy) woiy ApyYST[s
IOPIP GAM.L oY) AQ pasn aIe jey) asn I9jem JO SOl
-0391e0 10J suonuyd( (gam.L) preog awdo[aordq
I91BAN SBXQL oY) AQ Pa109[[00 st uoneyid

sozelg U} )M PIRIdOSSe SIoJinbe Ao[[ea-weans o) pausisse a1om s1ajinbe jpianjjy woly SfemeIpyiim [[V | -WOd 0007 Y} Ul SOSN 24l Aq pajtodar asn 1a1em JSOIA sexay,
‘uoneiduwod
000T 9 10 vIEP [EMBIPYIM ANSNPUT PAJOR[[0d SOSN
QU ], "99SSQUUIJ, UT S[EMBIPYIIM UONBSLIII UO BIEP OIJIO
(600 unuuIod [eo ‘AAING [BIIS0[03D) *S'() ‘[oRYIIWIR)) " '[) JOPIOQ BUIBGR[Y-93SSAUUI, Y} Suo[e -ods-971s PaJOS[[0I ‘QOIAIIS UOTJBAIISUOD) SAIINOSIY
Kyuno)) utpaeq ur juasaid are a3 QUO0[OY JO sysodop [BIAN[[E [EUOTIPPE ‘SB[IE ) UT UMOYS J0U YSnoyi[y [eIEN “VASN QUL "99SSeUua], Uryiim aesn pue s[e
‘(€7 "31) 1o5be [eian[e A9[[eA JoARY 1ddIssISSI]A oy3 9sodwod syrsodop [eIAN[[e ‘99sSQUUQ], JO JOpIoq -merpyim Addns-orjqnd sayensar DL oyl A1ddng
w)sam ) U0y “(GOOT UNWWOD [eI0 ‘“AAING [BIIS0[03D) 'S°() ‘[eRydIWIR)) "3['[) S[[oM 0} Iojem sapraoid I9JeAN JO UOTSTAI(] ‘(DH(L) UOBAIISUOD) pUE U
jey) 1ojinbe oy Jo ASojoyi] oy AJnuapt 03 9[qrssod 1 Speul ey} UONJBULIOJUI UOIBIO] pue STO[ [[oM PIPIA -UOJIAUF JO JusunIedo(] 99SSOUUQ], 9y} WOIJ PaureIqo
-oad sanqioey Ajddns-oriqng “eep oy1oads-a11s yirm paye3aI3Sesip a1om s1ojinbe jpian)y Woly S[eMBIPYIIA a1am uoneidwos o0z ayi 1o eiep A[ddns-orqng Q9SSaUUQY,

(€ pue T so[qe’)
s1ojmbe Ko[rea-wreans oyyroads 03 peynquiie a1om siojinbe jpiangyy 01 poInqIIIe ULAQ pey JBY) SEMBIPYIIM
Sururewrar ay) Jo 1soJA “(€ 21qel) pare3aiSTesip jou a1om s1djinbe jp1angpy woly p/eSIA 1°( JO S[EMBIPYIM

A[uQ (€ 9[q®ey) s1ejmbe jp1anyy woly paye3oISIesIp a1om pue UOHEIOR[S [BIUAUNUOD ATeulaiens) JO Ul
AU} JO YIIOU SBATE WOIJ 9q 0) PAUTULIAIAP 2I9M P/[eSIA G 97 JO S[emeIpyim )1odar s1y) Jo4 Iojmbe Aofea
-WeaIns € JO UOITULIAP YY) J90U JOU Op ‘PUE ‘UOTIBIOR[S [RIUSUNUOD ATeurdjen() JO JUIXS Y} UTYIM AJjsour
are sj1sodop 9say) WOI I9jem UTRIQO JeY) SIS TOAdMOH uone[idwod o0z oy ut s1ejinbe jp1anypy jo jred
POIOPISUOD AIOM JOATY LINOSSIIAl 9y} Suofe s31sodap [eranj[e Wolj SfeMBIPYIIAY "UONBULIOJUI AJUN0D PUEB PO
1oymbe Fursn pado[oaap 210m UISEQ JOALI AQ SIIBWINSI SN IAJBAY "JUNOWER [EMBIPYIIM PUR ‘QpOJ I9jinbe
‘ONH “AIunod 9o1nos ‘A1030)ed 9sn-I9jem “OUIBU JOUMO PIPN[OUL BIONE(] YINOS UL BIEP 9SN-IaJeM ()00T YL
(7961 ‘sIoylo pue maudy) eljoye YINOS UIAISoM JO JSOUW Ul Jojem
JO 9o1nos Iofew € jou ST I9jem punoin) ‘sasodind jsour 10 sennuenb JUSTOINS UT Iojem punoIs Mof[eys jo
SOOUAIINDI0 JOMIJ Sy BIOe(] YINOS JO JTey uId)som ], ‘siojibe [oaeid pue pues eroe[s oy jo jred se
(S007) Ieqieg pue urdnejy ur pajiodal pue (gg "S1j) UoneIor[3 [eiuaunuod Areurdeng) JO JuIIX Y} JO ISed
SONUNOD Y)IM PAJBIO0SSE T8 YOIy Jo [[e ‘sarjddns 1o1em-punoid mojreys [nynurd sey ejoye yinos uIo)seq

‘Teuuosiad §HSN Aq
w)sAS aseqeie s Iorepn dy102ds-91S SOSN AP
0JUI PAIAIUD UAY) AIIM BIBP IS} ‘Osn Ijem Jo sadK)

19130 9 Jo swioj Adoo prey oyl yym Suofe ‘SHS 01
Juas o1oM ejep uone3IL [edIp oy, "porrdurod arom
BIEP UOTIRSIIIT 97} 2IUM ‘90TJJO 9)BIS ) 0) Jorq JUS
a1om sarreuuonsanb pajordwod Ay, ‘S[emeIpyIIM JO
S90INOS A} pue ‘(SIS UOIBTLIIT I0J) SAIOL ‘S[EMBID
-y)m Te10) Sunsanbar 1asn 1o1em paprurad yoea 03
arreuuonsanb asn-1ojem € porrewt YNFAJS YL weid
01 SIYSTY 1A\ ‘(INAAJS) Se0In0osay [eInjeN
pue JuswuoIAug jo jusuniedo( BIoMe( YINos Yy} pue
SOSN Ayl Jo 1ojge aaneradood ayy ygnoay poqiduwod

puE pa3o9[[0d d1om eiep uoneidwod 0oz vIoyeq Yinos

BIOYRQ YINOS

sisAjeue jo spoyia\

uonewWIOUI JO S32IN0S

ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y U0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S N ‘DNH “Hodar ay) ur papnjour aIe s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

'1 xipuaddy




61

Appendix 1

(L 3y ‘41 °d ‘Le61 ‘uioy pue ddeiy) sepe oy ur usds

se ‘oymbe redound e jou,, ‘pajoqe] seare ur s19fmbe pawreuun o) pue ‘9JeIS AY) JO APIS UIA)SELD Ay} Suoe
s1ojmbe neajelq ueryoereddy 01 payngume a1om (3 21qe)) s1oyinbe 42110 woly p/leSIN 7L ] JO S[TeMBIPYIAL

*QOUAPIU0D YIIM IoJInbe AS[[ea-weans e 0} pauSIsse aq sasn

remmsnput parjddns-J[es I0J S[EMBIPYIIM P[NOD WNTIAN[R PIJR[OST OU pue Iojinbe Ao[[ea-weons o[3urs € paure)

-Uu09 Jey) sanuUNod Ul A[uQ "(97 ‘1) PAULIP [[om I8 JAATY 2y} Suofe wniAn[e ur syisodop 1oymbe Laqrea

-wreans pue

‘molIeu pue Juoj AJ[eIouds ST AJ[[BA IOATY OIYQ YL, TOATY OIYQ Y} YIIM Pajerdosse siojinbe Ao[[eA-weans

0] pougIsse a1om paje3aI33esip a1om ey sfemerpyiim Addns-orqnd oy [y AJunod e uryiim siajbe Aoy

-[BA-WIBAIS JUSIJJIP OM] UAM)Oq AJBNIUIIJIP O} BIEp [EMBIPYIIM U} [)IM Pasn 2Iom SUOTIBIUIAP UIseq

IOATY ‘STeMeIPYIIM IojInbe Ao[Tea-wreons o[dnnur oaey A[qrssod p[nod sarunod asot) Jo UIASS pue ‘sfe
-meIpYIIM 19jInbe A9[ea-weans aaey pinod Aqissod jey) senunod ¢z smoys (L661 ‘uioy pue ddei]) sepe ayJ,

's11039180 [[B
10} Yooyo Aenb e popraoid jeyy uoneuriojur Aoe3o[
pop1aoid A9AING OIIOUOH PUE JIF0[0LD) BIUISIIA
JSOA QUL "9SN Jojem UOTIRSIIIT QUTWIANAP 0} Pasn aIam
ey vep papraoid axmnonSy Jo snsud) VS QUL
*$9JBWINS? Isn Jojem [ernsnpul parjddns-jjos dojoadp 03
SIQINJOBJNUBW BIUISIIA 1SOAN JO A10J0QIIp © )IM pasn
SeM UONBWLIONUI SIY], *9p0d DIS Aq ejep judwkojdwo
pue Ky1oe) A1unod papraoid Juswkojdwy jo neaing
BIUTSITA 1SOAN QUL "SOOTAIRS [I[EoH [BIUSWUOIIAUY JO
QOIJJO ‘YI[eOH JO neaIng BIUTSITIA ISOAN ) WOIJ o[qe
-Treae a1om sasn Ajddns-orqnd 10j Biep ‘RIUISIIA 1SOM U]

BIUISIIA ISOM

(00T Cunwwiod UM ‘AoAIng [eo130[095) "S°N) ‘I9[3uedg Aure) (4 9[qe1) s1ojinbe
[BIAN[[® [[J-UISEQ JO S}IUN YO0IPaq payroadsun WoIj a1om A[[eloudd s1ojinbe 1ayi() woly S[eMeIpYIIA "SI9)
-inbe A9[TeA-WEAI)S WOIJ SB PANUPI A1om s1ojInbe 42130 woy sfemeIpyiim oN (500 Ieqred pue urdnejy
woJj elep [euiduo smoys ¢ xipuadde) p/[eSIA L0 03 P/[BSIN 807 WOl s1ojinbe [[1j-uiseq o3uey pue uisegqg
9} paonpal pue ‘p/[eSIN L6 03 P/[BSIN 0§ wodly sasn A[ddns-orjqnd 10} sfemeapyiim siojmbe jpianyy
000C 2y} paseaIout juaunsnipe sy, ‘Apnis SIy) UI POIOPISUOD dIOM ‘dI0JAIdY) ‘pue ‘s1oymbe jp1anjyy woiy se
panodal oq os[e p[nod Inq ‘siojibe [[j-uiseq a3uey pue uiseq dY) wolj 3uq se (SO07) 1ogreg pue urdney
ur paytodar a1om Jey) POLIIUSPI 1M (P/[BSIA LL°0) S[emeIpyiim 1aem-punoi3d A[ddns-orjqnd ‘uorjeSnsoaut
sty) Sunng *(Sg “31) s1oymbe sneoje[d opeIo[o)) 2U) WOIJ S[EMEBIPYIIM 9pnoul Jou op pue A[jeredas paid
-WO0d 1M Inq ‘BT SI9JINbe sneaje[d opeIo[o)) AU} YIIM JUIPIOUIOD SBAIR Ul PANUIPI AIdm SIdJInbe jp1an;
-1y 103 paytodar stemeIpyiipg (87 S 2D “d ‘Ge6T ‘eiuRg pue U0SqOY) BaIe dSury puk uiseq Ay} JO Ised
PaILd0] (G 'S1) , SBaTy SNOUTBIUNOIA],, St se[ie Y ul pajordop are jey) s1ojinbe jpianypy woiy peyedordsesip
Iom s[emeIpylim 19jinbe Aoqjea-weang ‘siojinbe rediourid oy Jo ouo ur payISSL[O pue paynIuAp! 1M (]|
3y 4D "d ‘Sp61 ‘eiueg pue uosqoy) . Jojmbe [ediounid e jou,, se pajesur[ap seale ur siojinbe ‘o[qrssod a1oya
‘saur[aping uoneidwod ooz oW
uo paseq 1Jmbe ue 0] pouSIsse a1oM pPuB [EMBIPYIIM IdJeM-punoIs € Juasardar A[Ies[o A9y asnedaq ‘s[om
I0J payrodar a1om Jey) S[EMBIPY)IM JOJ SUOTIedI[dWT 9ARY JOU SOOP UOTIEMIS SIYT, “JUSIX JWOS O} SOJEWTIS
I9)eM-Q0BJINS YIIM PIPNIOUT 9q ABUI S[EMBIPYIIM IOJEM-PUNOIS QWIOS Inq ‘SUOHIPUOD Yons Aq pajddjje aIe
JeY) J9JeM JO SOWNJOA Q) QUIULIANAP JO ISIXS SUOTIEMIS 9SAY) JO [[B 2IYM 9qLIOSIP 0) A1) 0) Tednoeidur st
3] "901n0s (191em-punoil) Jurids e woly ore A9y} 10BJ UL UM SUOISIOAIP Jjem-o0eJins se paytodar oq Aew
AU ], 'Po1IoAIp SUIq 210J2q AOUBISIP AWIOS I0J MO[J PUB ‘SWBAIS JO SIIALL Jeou I8 sTurIds a1oym Seare ur
s[emeIpylim JoJmbe A9[[eA-weans Jo UONBUIULIIIP A} U0 suonedIdur sey uoniuyap sy, “19Jem dJBJINS
PRIOPISUOD ST SAYIIIP PuE S[eULD JULIAIUS 2I0Joq OULISIP JUBDIYIUSIS B J0J Q0BJINS PUR] oY) JOAO MOTJ Je)
sSurids woIy 191em ‘eI Ul "91e)S oy} 0) PajIodoI aIom S[EMEBIPY)IM I9JeM-PUNOIT S[EMBIPYIIM UOT)IILIT
19)eM-90BJINS J0J A[UO S[EMBIPYIIM JBWI)SO 0) PASN 2IOM SN JAJEM JO SJUIIOIJJI0)) IdJeMm JO 91IN0S JOUTw
A[9AIR[AI © ST I9JeAM PUNOIS pUR ‘UOIIBTLLIL J0J S[EMBIPYIIM I9jem-o0e)ins uodn A[oI Yeyn) ul Sanunod ISojA

"BaIR 9 I sadnoeld
uoneSTUr Jo 93pa[mouy JURLIND pue eyep paystqnd
A[snoraa1d woIj pejewnise a1oMm 91e)§ Q) UT SeaIe uon
-RS LT JUBDLIUSIS SSI[ UI S[[oM WO} UMBIPYIIM JOJBAA
"(100T ‘uoping) . \ei() Ul SUONIPUOD) IAeAM -PUNoID),,
ur A[renuue paysiqnd pue (eare o3uey pue uiseq oyl
ur oIk [[ JSOW[e) Yel) Ul SA9[[eA pajeSLul Jofew oy
JO [e woj porrduiod aram ejep 9say, "SIpnIs Iajem
-punoli3 [enuue s}ONPuod Yel() dIaym seare ur padwnd
19)eMm JO sennuenb QUTWLIANOP 0] SPIOJAI [BILNIA[
Sursn £q 1o uoseas uone3ur oy Junnp syem Jurdwind
woIj A[JO2IIP PIUTILIANAP AIoM S[EMBIPYIIA "SDSN
Aq A[renuue ouop souiojuaAul d3edwind woly paurw
-I9)op 9IoM UONESIIIT I0J S[EMBIPY)IM I9)eM-PUNOID)
(S00T ‘AoAIng [eo130[090)
yel()) A9AINS [BI130[090) Yr)(] Y} WOIJ J[qB[IBAR ST
$30IN0S3I J9Jem-punois pue 301093 Jnoqe UOBWIO]
-uf “(€00T ‘SIYSTY 121EAL JO UOISIALC eI()) GOM dPIM
PIHOM 2} U0 dqe[reae st s1arddns 1a1em Jnoqe eiep
[eUONIPPY "SIUASE UOISUA)Xd AJUNOD puE ‘SIdsn [eLT)
-Snpur ‘s1oSeurwI W)SAS I9JeM [)IM UOTIROTUNWTOD
[eI0 YSnOoIy) paure}qo a1om ose eje( ‘SIYSTY Iorepy
JO UOISIAI 9U) 0 J9Jem PUnoi3 Jo 90INOS ) pue s[e
-MBIPYIIM JNnOqe uoneuojur Ajreak jruqns o) parnbar
a1e s1osn [ernsnpur parjddns-j[os pue siorjddns 1ojem
o1qng “(SIYITY IOJBAA JO UOTSTAI(] ‘SQOINOSAY [eINjeN
Jo juounaedo yei)) yein Jo Aels ay) 1o siokoaind
IoJem JOUJIQ WOIJ PauTeIqo AIom ejep [ermsnput pard
-dns-jes pue A1ddns-orjqnd ‘uoneidwos Oz U3 104

eI

sishjeue jo spoyiay

uoneWIOUI JO S32IN0S

ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y u0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S'N ‘DNH “Hodar ay) ur papnjour a1e s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

'1 xipuaddy




Estimated Withdrawals from Stream-Valley Aquifers and Refined Estimated Withdrawals

62

*SISATRUE [RUOISAI B UT PIYOO[IIA0 9q

A[1sea prnod jey) 1ejinbe Ko[rea-ureans [ewrs € Jo 90uasaid oy) YIrm JudIsIsuod are (p/[eSIA LL'S) IOALI ST}

1M POIBIOOSSE S[EMBIPY)IM [[EUWIS ) ‘TOAMOT] ‘SB[IE ) UT UMOYS J0U SI J9jmbe Ao[[eA-wreans eI1eIqoiN

UL "(LZ "81) (€ 9[qr)) ISATY QUOINO, J[[og PUL YOI pues ‘IARY BILIGOIN U} [IIM PajeIdosse siojinbe
A9[[eA-weans 0} pa1eSaISTesip a1om S[emeIpylim s1ojinbe jp1an)py 12101 Jo (P/1eSIN 6S°6) U21d 1 IN0qQy

"UOTJBULIOJUT [BLISNPUT [9A[-AIUN0d papraoid
‘sonsnels Joqe jo neaing ‘roqe jo juawnredoq 'S N
QUL "S[[om 0) sjtun 1ojinbe ugisse o) pasn sem YoIyM
‘uoneuLIojur 301 91301093 papraoid 1O S JoUISUT
918§ SUTWOAAN AU, "SWIOJ AU} PIAIdIAI sAep ()9 10j ofd
-02d G 15B9[ 1B 9AIDS 10 SUOIIOAUUOD ADIAIS G ISEI IB
pey 1Ry} SWoISAs Iojem-o1qnd "DAMM Y} Aq pa[rew
Q1oMm Te1]) SWIO) A9AINS AQ PAIAYILS oIoMm IS Jajem
K1ddns-orqnd 1noqe eyeq -od4) do1o ayy pue uone3LLL
Ul QI JBY) SAIOR JO JoqUINU ) UO UOTBULIOJUT 9p1A0Id
(OAMA) uorsstwo)) Juawdo[oAd(J I9IBA\ SUTWOAA
QU) pUB OIAIAS SONISHEIS [BIM[NOLISY SUIWOAA YL,

SurwoAp

sisAjeue jo spoyia\

uoneWIOUI JO S32IN0S

ajels

[axmnoudy jo jusuniede SN ‘vASN ‘Aep 1od suofres ‘p/sies ‘A10juaAu] 9IS ISJeA\ PUNOID) ‘[SAND (UOTBOISSE[) [RINSNpUL
pIepuel§ ‘OIS ‘A0Ud3y U0I199101d [BIUSWUOIAUY "S' () ‘YIS ‘Aep 1od suofes uorjrur ‘p/[eSIA ‘9pod Jun d130[0IpAY (SDS) £oAIng [ed1530]090) *S N ‘DNH “Hodar ay) ur papnjour aIe s9[qe) pue saIn3iy pajoN ]

‘panunuo)—>alels Ag ‘sisAjeue Jo SPOYIaLW puUB UOIBWIOLUI Pa)e|a) puB 8SN-181eM JO $82IN0S

'1 xipuaddy




Appendix 2



Blank Page



Appendix 2 65

Appendix 2. Estimated withdrawals for irrigation, public-supply, and self-supplied industrial uses from principal and Other aquifers in
24 States and the Commonwealth of Puerto Rico, 2000.

[Values have been rounded. Source: Maupin and Barber (2005)]

Withdrawals, in million gallons per day, by water-use category

State Aquifer or aquifer system Irrigation Public supply Se:If-supglled Total
industrial
Arizona Basin and Range basin-fill aquifers 2,680 372 7.60 3,060
Colorado Plateaus aquifers 37.6 38.6 12.2 88.4
Other 29.9 58.3 .00 88.2
Total 2,750 469 19.8 3,240
Arkansas Edwards-Trinity aquifer system .00 7.31 23 7.54
Mississippi embayment aquifer system 184 77.2 61.0 322
Mississippi River Valley alluvial aquifer 6,320 40.5 5.74 6,370
Ozark Plateaus aquifer system 1.23 7.16 .05 8.44
Total 6,510 132 67.0 6,710
Colorado Alluvial aquifers 482 5.55 8.77 496
Colorado Plateaus aquifers 16.9 6.10 .28 232
Denver Basin aquifer system 11.9 16.9 7.44 36.3
High Plains aquifer 837 3.39 1 841
Other 89.4 18.4 6.44 114
Rio Grande aquifer system 719 3.39 .02 723
Total 2,160 53.7 23.6 2,230
Illinois Cambrian-Ordovician aquifer system 3.79 116 29.8 149
Glacial sand and gravel aquifers 140 181 91.9 413
Mississippian aquifers .00 1.20 3.18 4.38
Other .00 6.70 4.24 10.9
Pennsylvanian aquifers .00 1.09 .00 1.09
Silurian-Devonian aquifers 5.77 47.6 2.51 55.9
Total 150 353 132 634
Indiana Glacial sand and gravel aquifers 50.6 309 94.9 455
Mississippian aquifers .37 1.16 1.35 2.88
Other .00 .08 .02 .10
Pennsylvanian aquifers .00 .09 .02 A1
Silurian-Devonian aquifers 4.53 33.8 3.37 41.7
Total 55.5 345 99.7 500
Kansas Alluvial aquifers 327 81.3 27.1 435
Glacial sand and gravel aquifers 33 4.69 .07 5.09
High Plains aquifer 2,830 70.2 17.4 2,920
Lower Cretaceous aquifers 184 4.11 1.19 189
Other 83.5 5.10 A48 89.0
Ozark Plateaus aquifer system .06 6.77 .29 7.12
Total 3,430 172 46.6 3,650
Kentucky Alluvial aquifers .00 47.1 76.1 123
Mississippi embayment aquifer system .00 10.8 10.3 21.1
Mississippian aquifers .00 9.06 8.3 17.4
Ordovician aquifers .00 1.94 .38 232
Other 1.24 .00 .00 1.24
Pennsylvanian aquifers .00 2.01 .03 2.04
Total 1.24 71.0 95.2 167
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Appendix 2. Estimated withdrawals for irrigation, public-supply, and self-supplied industrial uses from principal and Other aquifers in
24 States and the Commonwealth of Puerto Rico, 2000—Continued.

[Values have been rounded. Source: Maupin and Barber (2005)]

Withdrawals, in million gallons per day, by water-use category

State Aquifer or aquifer system Self-supplied

Irrigation Public supply industrial Total
Louisiana Alluvial aquifers 6.62 0.16 0.00 6.78
Coastal Lowlands aquifer system 557 280 199 1,040
Mississippi embayment aquifer system 6.26 64.9 30.9 102
Mississippi River Valley alluvial aquifer 221 7.27 54.3 282
Total 791 352 285 1,430
Missouri Alluvial aquifers 59.0 106 11.1 176
Cambrian-Ordovician aquifer system 3.29 18.7 A48 22.5
Mississippi embayment aquifer system .00 10.2 .09 10.3
Mississippi River Valley alluvial aquifer 1,300 11.7 3.68 1,310
Mississippian aquifers 3.29 18.7 48 22.5
Ozark Plateaus aquifer system 19.2 113 13.4 145
Total 1,380 278 29.2 1,690
Montana Alluvial aquifers 21.7 11.1 17 33.6
Glacial sand and gravel aquifers 28.4 5.34 11 33.9
Northern Great Plains aquifer system 4.55 5.84 .58 11.0
Northern Rocky Mountains Intermontane Basins 28.3 339 30.5 92.7
aquifer systems
Total 83.0 56.1 31.9 171
Nebraska Alluvial aquifers 922 50.0 7.68 150
Glacial sand and gravel aquifers 200 2.04 .01 202
High Plains aquifer 7,050 191 25.2 7,270
Lower Cretaceous aquifers 73.2 12.8 1.47 87.5
Other 4.12 10.3 1.08 15.5
Total 7,420 266 354 7,720
New Jersey Early Mesozoic basin aquifers 1.62 55.6 10.2 67.4
Glacial sand and gravel aquifers 47 80.5 3.37 84.4
Northern Atlantic Coastal Plain aquifer system 20.3 248 48.3 317
Piedmont and Blue Ridge crystalline-rock aquifers .01 545 .26 5.72
Surficial aquifer system 22 .00 .00 22
Valley and Ridge aquifers .05 .92 .16 1.13
Valley and Ridge carbonate-rock aquifers 12 9.66 3.07 12.8
Total 22.8 400 65.3 489
New Mexico Basin and Range basin-fill aquifers 164 16.6 .08 181
Colorado Plateaus aquifers .59 12.0 95 13.5
High Plains aquifer 498 23.1 1.06 522
Other 66.5 17.0 .38 83.9
Pecos River Basin alluvial aquifer 11 2.02 1.36 3.49
Rio Grande aquifer system 136 171 3.75 311
Roswell Basin aquifer system 364 21.1 1.17 386
Total 1,230 262 8.75 1,500
New York Glacial sand and gravel aquifers 16.4 175 71.6 263
New England crystalline-rock aquifers 17 7.40 .58 8.15
New York and New England carbonate-rock aquifers 1.34 30.6 8.29 40.3
New York Sandstone aquifers .87 343 20.8 55.9
Northern Atlantic Coastal Plain aquifer system 4.28 326 28.3 359
Other 25 9.20 15.8 25.2

Total 23.3 583 145 752
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Appendix 2. Estimated withdrawals for irrigation, public-supply, and self-supplied industrial uses from principal and Other aquifers in
24 States and the Commonwealth of Puerto Rico, 2000—Continued.

[Values have been rounded. Source: Maupin and Barber (2005)]

Withdrawals, in million gallons per day, by water-use category

State Aquifer or aquifer system Irrigation Public supply Se:If-supglled Total
industrial
North Dakota Alluvial aquifers 15.6 4.29 3.25 23.2
Glacial sand and gravel aquifers 52.6 20.6 2.83 76.0
Northern Great Plains aquifer system 1.59 342 .34 5.35
Other 2.34 4.28 44 7.06
Total 72.2 32.6 6.86 112
Ohio Alluvial aquifers .87 394 12.8 53.0
Glacial sand and gravel aquifers 8.20 312 101 421
Mississippian aquifers .00 119 38.6 158
Other .06 4.35 1.40 5.81
Pennsylvanian aquifers .00 2.00 .65 2.65
Silurian-Devonian aquifers 4.79 232 7.55 35.6
Total 13.9 500 162 676
Oklahoma Ada-Vamoosa aquifer .06 3.99 .02 4.07
Alluvial aquifers 74.9 49.3 3.55 128
Arbuckle-Simpson aquifer 1.19 2.38 .61 4.18
Blaine aquifer 19.7 .00 .69 204
Central Oklahoma aquifer 5.25 25.6 .82 31.7
Edwards-Trinity aquifer system 1.96 2.12 18 4.26
High Plains aquifer 400 13.5 12 414
Other 133 5.83 17 19.3
Ozark Plateaus aquifer system .00 4.02 28 4.30
Rush Springs aquifer 49.7 6.20 37 56.2
Total 566 113 6.81 686
Pennsylvania Early Mesozoic basin aquifers 25 35.6 6.07 41.9
Mississippian aquifers .06 3.74 1.56 5.36
New York and New England carbonate-rock aquifers .00 2.04 .09 2.13
Northern Atlantic Coastal Plain aquifer system .00 2.56 .10 2.66
Other .10 81.0 28.2 109
Pennsylvanian aquifers 13 12.2 31.3 43.6
Piedmont and Blue Ridge carbonate-rock aquifers .10 17.0 9.93 27.0
Piedmont and Blue Ridge crystalline-rock aquifers .20 13.2 7.26 20.7
Valley and Ridge aquifers .37 18.5 26.8 45.6
Valley and Ridge carbonate-rock aquifers .16 25.7 44.0 69.9
Total 1.37 212 155 368
Puerto Rico North Coast Limestone aquifer system (Puerto Rico) 5.71 46.8 6.41 58.9
Other 14.4 16.2 2.60 332
South Coast (Puerto Rico) aquifer 15.6 25.5 2.15 43.3
Total 35.7 88.5 11.2 135
South Dakota Alluvial aquifers 24.9 15.1 21 40.2
Glacial sand and gravel aquifers 90.9 26.4 17 118
High Plains aquifer 16.7 2.46 .00 19.2
Northern Great Plains aquifer system 95 5.26 .07 6.28
Other .00 Sl 1.39 1.90
Paleozoic aquifers 3.40 4.35 1.32 9.07
Total 137 54.1 3.16 195
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Appendix 2. Estimated withdrawals for irrigation, public-supply, and self-supplied industrial uses from principal and Other aquifers in
24 States and the Commonwealth of Puerto Rico, 2000—Continued.

[Values have been rounded. Source: Maupin and Barber (2005)]

Withdrawals, in million gallons per day, by water-use category

State Aquifer or aquifer system Self-supplied

Irrigation Public supply industrial Total
Tennessee Alluvial aquifers 0.03 2.40 0.00 2.43
Mississippi embayment aquifer system 3.49 258 46.8 309
Mississippi River Valley alluvial aquifer 1.34 .00 .00 1.34
Mississippian aquifers 47 17.3 6.35 24.1
Ordovician aquifers .56 291 .00 3.47
Other .04 .00 01 .05
Pennsylvanian aquifers .26 52 .00 .78
Valley and Ridge aquifers .00 10.4 .00 10.4
Valley and Ridge carbonate-rock aquifers 1.17 28.7 3.19 33.0
Total 7.36 321 56.4 385
Texas Alluvial aquifers 12.6 .01 .00 12.6
Blaine aquifer 23.5 .30 .00 23.8
Coastal Lowlands aquifer system 356 531 86.3 973
Edwards-Trinity aquifer system 280 402 46.8 729
High Plains aquifer 5,080 75.2 52.8 5,200
Other 283 24.1 2.80 310
Pecos River Basin alluvial aquifer 109 10.0 1.10 120
Rio Grande aquifer system 11.8 65.5 8.40 85.7
Seymour aquifer 162 7.40 .60 170
Texas coastal uplands aquifer 188 148 45.0 381
Total 6,500 1,260 244 8,010
Utah Alluvial aquifers 229 8.20 47 31.6
Basin and Range basin-fill aquifers 439 208 31.8 679
Basin and Range carbonate-rock aquifers .00 70.4 1.92 72.3
Colorado Plateaus aquifers 7.23 425 13 49.8
Other .00 31.7 .01 31.7
Pacific Northwest volcanic-rock aquifers .00 3.31 .00 3.31
Total 469 364 34.3 868
West Virginia Alluvial aquifers .00 20.8 .68 21.5
Mississippian aquifers .00 .69 .19 .88
Other .00 1.58 .14 1.72
Pennsylvanian aquifers .00 9.98 8.30 18.3
Valley and Ridge aquifers .01 1.47 23 1.71
Valley and Ridge carbonate-rock aquifers .01 7.08 14 7.23
Total .02 41.6 9.68 51.3
Wyoming Alluvial aquifers 50.4 15.7 1.02 67.1
Colorado Plateaus aquifers 19.6 2.76 .38 22.7
High Plains aquifer 281 9.89 1.94 293
Northern Great Plains aquifer system 59.5 18.5 .63 78.6
Other 2.42 .63 25 3.30
Paleozoic aquifers 15 8.51 .00 8.66
Upper Tertiary aquifers .60 92 .09 1.61

Total 413 57.2 4.31 475
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Appendix 3. Estimated withdrawals for irrigation, public-supply, and self-supplied industrial uses for aquifers and aquifer units
disaggregated from withdrawals from Alluvial aquifers north of the extent of Quaternary continental glaciation in North Dakota, 2000.

[Values have been rounded]

Withdrawals, in million gallons per day, by water-use category

Stream, river, or aquifer name

Total Irrigation Public supply Self-supplied industrial
Lower Apple Creek 0.16 0.05 0.00 0.11
Burlington .04 .00 .04 .00
Cattail .00 .00 .00 .00
Denbigh 94 .59 .20 15
Ellendale .14 .00 .14 .00
Elliot .19 .19 .00 .00
Glencoe Channel .00 .00 .00 .00
Guelph 1.07 76 31 .00
Heart River aquifer .01 .00 .01 .00
Hofflund 13 13 .00 .00
Inkster .68 .68 .00 .00
Jamestown .00 .00 .00 .00
Kenmare .14 .00 .14 .00
Knife River 2.69 .00 .03 .00
Little Knife River .38 .38 .00 .00
Lower Souris 11 A1 .00 .00
Martin 43 43 .00 .00
McVille .01 .00 .00 .01
Midway 7.47 6.32 1.15 .00
Milnor Channel .02 .02 .00 .00
Missouri River .07 .07 .00 .00
Napoleon .16 .16 .00 .00
Northeast Missouri Buried Channel .83 .00 .83 .00
New Rockford 4.90 4.90 .00 .00
New Town .54 .53 .01 .00
Oakes .05 .00 .05 .00
Oberon (Sheyenne River) .10 .00 .00 .10
Shell Creek .69 17 51 .01
Shell Valley .04 .00 .03 .01
Sheyenne Channel .52 .00 32 .20
Strasburg 42 .00 42 .00
Strawberry Lake .03 .03 .00 .00
Tobacco Garden Creek .07 .00 .07 .00
‘Wahpeton Buried Valley 13 13 .00 .00
Windsor .03 .00 .03 .00

Total 23.2 15.6 4.29 .59




Publishing support provided by:
Lafayette Publishing Service Center



	Contents
	Abstract
	Introduction
	Background
	Purpose and Scope
	Description of Study Area
	Figure 1

	Aquifer Terminology
	Figure 2
	Approach and Estimation Methods
	Summary of Refined Estimated Withdrawals from Selected Aquifers in the United States, 2000
	Estimated Withdrawals from Stream-Valley Aquifers
	States and the Commonwealth of Puerto Rico
	Arizona
	Arkansas
	Colorado
	Table 1
	Table 2
	Illinois
	Indiana
	Table 3
	Table 4
	Figure 3
	Kansas
	Figure 4
	Figure 5
	Kentucky
	Figure 6
	Figure 7
	Figure 8
	Louisiana
	Missouri
	Figure 9
	Montana
	Figure 10
	Nebraska
	Figure 11
	New Jersey
	New Mexico
	Figure 12
	Figure 13
	New York
	Figure 14
	North Dakota
	Ohio
	Figure 15
	Figure 16
	Figure 17
	Oklahoma
	Figure 18
	Figure 19
	Pennsylvania
	Figure 20
	Puerto Rico
	South Dakota
	Figure 21
	Figure 22
	Tennessee
	Texas
	Utah
	Figure 23
	Figure 24
	Figure 25
	West Virginia
	Figure 26
	Wyoming
	Figure 27


	Water-Resources Regions
	Arkansas-White-Red Region
	Figure 28
	Table 5
	Mid-Atlantic Region
	Missouri Region
	Ohio Region
	Tennessee Region
	Texas-Gulf Region
	Upper Colorado Region
	Upper Mississippi Region

	Summary
	References Cited
	Appendix 1
	Appendix 2
	Appendix 3



