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DEFINITIONS OF SELECTED TERMS

Acre-Foot (AF): The volume required to cover one acre to a depth of one
foot. This is equal to 43,560 cubic feet or 325,851 gallons.

Alluvium: Deposits of clay, silt, sand and gravel deposited by geologically
recent rivers.

Anticline: A geologic structure in which rock strata (layers) are arched
upward and dip away in opposite directions from a central axis.

Aquifer: A water-bearing body of naturally occuring earth material that is
sufficiently permeable to yield usable quantities of water to wells and/or
springs (OAR 690-08-001(1)).

Artesian Aquifer: An aquifer in which groundwater is under sufficient
hydrostatic pressure to rise above the bottom of the overlying confining bed,
whether or not the water level rises above land surface. Artesian is
synonymous with confined.

Basalt: A very fine grained, dark gray, brown to black volcanic rock, typically
containing pyroxene, plagioclase, and olivine minerals which are relatively
high in iron and magnesium.

Cascading Water: Groundwater that enters a well bore above the static water
level and falls down the well.

Cone of Depression: The conical depression in a potentiometric surface or
water table that forms around a well as a result of pumping.

Confining Bed: A layer of low permeability material immediately overlying a
confined aquifer (OAR 690-09-020(3)).

Critical Groundwater Area Boundary: A line established in a critical
groundwater area order on a map that surrounds an area in which one or
more of the statutory criteria for critical area declaration are met and which is
located either 1) physically by coincidence with natural features such as
ground water reservoir boundaries, hydrologic barriers, or recharge or
discharge boundaries, or 2) administratively by surrounding an affected area
when that area does not coincide with an area bounded by natural features
(OAR 690-08-001(2)).

Customary Quantity: The rate or annual amount of appropriation or
diversion of water ordinarily used by an appropriator within the terms of that
appropriator's water right (OAR-690-08-001(3)).



Fanglomerate: A sedimentary rock of heterogeneous materials that was
originally deposited in an alluvial fan and has since been cemented into
consolidated rock.

Fault: A fracture or series of fractures in rock along which there has been
displacement of one side relative to the other.

Geologic Structure: A general term for features created by movement,
bending, tilting, or breaking of rock layers or units.

Groundwater Reservoir: A designated body of standing or moving
groundwater having exterior boundaries which may be ascertained or
reasonably inferred (ORS 537.515(4)).

Hydraulic Conductivity: A measure of the capacity of an aquifer to transmit
water. It is expressed as the rate (volume/time) which water moves through
a unit area of an aquifer under a unit hydraulic gradient. Its value depends
upon the physical properties of the water and the aquifer. Larger values mean
water can move more easily.

Hydraulic Gradient: A measure of the slope of the potentiometric surface. It
is the change in total head per unit distance measured in the direction of
steepest change. Hydraulic Gradient = (Total Head at Point A) - (Total at Point
B) + Distance Between A & B.

Interference: The spreading of the cone of depression of a well or group of
wells to intersect a surface water body or another well, or the reduction of the
ground water gradient and flow as a result of pumping.

Lithology: The character of a rock as defined by its color, mineral
composition, and grain size.

Monocline: A local steepening or steplike bend in otherwise gently dipping
strata.

Paleomagnetism: The intensity and direction of residual magnetization in
ancient rocks. The magnetic particles in the rock were oriented by the earth's
magnetic field as it existed when the rock was formed.

Permeability: The ability of a rock or soil to transmit fluid such as water.

Phyric (porphyritic): An igneous rock texture in which larger crystals
(phenocrysts) are set in a matrix of finer grained crystals or glass.

Potentiometric Head: The level to which water in an aquifer will rise by
hydrostatic pressure, usually expressed as an elevation above sea level.
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Potentiometric Surface: A surface that represents the total head in an aquifer.
It is defined by the elevation at which water stands in cased wells that
penetrate the aquifer.

Specific Yield: The ratio of the volume of water which a saturated rock or soil
will yield by gravity to the total volume of rock or soil.

Storage Coefficient: The volume of water an aquifer releases from or takes
into storage per unit surface area of the aquifer per unit change in head.

Syncline: A fold in rocks that is concave upward in which strata dip inward
from both sides toward the axis of the fold.
Total Head: Total Head = Elevation Head + Pressure Head.

Elevation Head: The elevation at a point of interest in an aquifer
relative to a measuring point (e.g. sea level).

Pressure Head: The height of a column of water that can be
supported by the pressure at a point of interest in an aquifer.

Transmissivity: The rate of flow at which water is transmitted through a unit
width of aquifer perpendicular to the direction of flow under a unit hydraulic
gradient. It equals the hydraulic conductivity multiplied by the saturated
thickness of the aquifer. It is usually expressed as gallons per day per foot, or
square feet per day. In simple terms, the ability of an aquifer to transmit
water.

Vesicular: A textural term for rock characterized by abundant small openings
formed by gas bubbles trapped during the solidification of lava.

Water Level: The distance from land surface to the top of the water column
in a well. When the well is being pumped, it is called a pumping water level.
It is referred to as a static water level in a well that has recovered from

pumping.

Water Table Aquifer: An aquifer in which the pressure at the upper surface of
the water body is atmospheric. Water table is synonymous with unconfined.

Water Use Permit: A document issued by the Oregon Water Resources
Department that authorizes the diversion and beneficial use of the public
waters of the State.
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WELL NUMBERING SYSTEM

The well and spring numbering system used in Oregon is based on the
rectangular system used for subdivision of public land. Each well number
indicates the geographic location of the well and describes the township,
range, and section.

For example, the well number 3N/29E-21caa indicates a well located
within Township 3 North, Range 29 East, and Section 21. The letters
following the section number indicate the well location within the section,
as shown below. The first letter (c) represents the quarter section (160
acres), the second letter (a) the quarter-quarter section (40 acres), and the
third letter (a) the 10 acre tract. A series number is added following the
third letter to distinguish two or more wells within a 10-acre tract.

R27E R29E R31E RE_SE

TSN
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] (-4
o
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I Bl iy
.
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EXECUTIVE SUMMARY

The Stage Gulch area is located within the Umatilla Basin in north-central
Oregon. It includes about 252 square miles and is entirely within Umatilla
County. The area abuts the eastern boundary of the Butter Creek Critical
Groundwater Area. The cities of Echo, Stanfield, and most of Hermiston are

included within the boundaries.

The climate of the area is semiarid. Average annual precipitation is about 8.8
inches in Hermiston, and increases to the east to about 12.8 inches in
Pendleton, about five miles east of the Stage Gulch area. Most of the
precipitation usually occurs from late fall through winter. The average
growing season varies from 158 to 184 days within the area. Irrigated

agriculture is an important part of the local economy.

Irrigation from groundwater sources, primarily the basalt groundwater
reservoir, increased rapidly in the late 1960’s through the late 1970’s. Basalt
groundwater development for municipal and industrial uses occurred prior
to this time. At present, there are water rights for nearly 50,000 acres of
primary and supplemental irrigation from all groundwater sources within
the Stage Gulch area. Nearly 28,000 of those acres are for irrigation from the

basalt reservoir and the remainder are from alluvial aquifers.

The area is located within the southern part of the Columbia Plateau. This
region is entirely underlain by a thick sequence of numerous basalt lava flows
of the Columbia River Basalt Group. Deposition occurred over a period of

several million years beginning during middle Miocene time, about 17

1



million years ago.  Structural uplift of the Blue Mountains during and after
the time of basalt deposition has resulted in some folding and faulting of the
basalt. The uplift during and between episodes of deposition has caused
greater accumulation of basalt in some areas. The basalt is estimated to be
thickest, 10,000 or more feet, near the Columbia River. Younger sedimentary
and windblown deposits overlie the basalt in most of the area. The
sedimentary deposits are also an important groundwater reservoir in the
northwestern part of the area and in the Umatilla River valley, where they
generally have sufficient saturated thickness to yield significant quantities of
water to wells. However, because long-term water level declines are evident

only in the basalt, this report focuses on the basalt groundwater reservoir.

Groundwater in the basalt occurs and moves primarily in the interflow zones
between individual basalt flows. Most of the groundwater occurs under
confined conditions within these zones. In general, the basalt groundwater
reservoir is a complex, layered system. Groundwater is able to move
horizontally far more easily than vertically. Each interflow zone may have
hydraulic and water quality characteristics which differ from the overlying
and underlying zones. Structures such as folds and faults can serve as barriers
and interrupt the horizontal movement of groundwater. These barriers
compartmentalize the groundwater reservoir. Wells on different sides of
such barriers typically have greatly reduced interference effects than would be
expected in a more homogeneous aquifer system. The groundwater flow
system of the area is further complicated by the fact that most large capacity
wells penetrate multiple interflow zones to produce a greater quantity of
water. Water levels in such wells are composite levels (heads) for those
interflow zones penetrated rather than being those of a single aquifer or

interflow zone.



Investigations in the basin have resulted in the collection of a great deal of
information regarding water levels and pumpage. Annual measurements of
water levels, flowmeters, and power meters have been taken every February
since 1979. Flowmeters were first required in the Stage Gulch area in 1980.
Data from these flowmeters have allowed increasingly better estimates of
pumpage from the basalt groundwater reservoir. Estimates indicate that
annual pumpage has decreased from nearly 36,200 acre-feet in 1980 to about

30,700 acre-feet in 1989.

A generalized contour map of basalt water level elevations was prepared
from measurements made at wells in February 1990. The map represents a
surface known as the potentiometric surface. The shape of the potentiometric
contours illustrates the direction of groundwater movement and aids in an
understanding of recharge and discharge. This movement is generally to the
north and west in the Stage Gulch area. Carbon 14 ages of groundwater

indicate very slow natural movement of only a few feet per year.

Natural recharge to this groundwater reservoir is limited. It occurs mostly in
the higher elevations of the Blue Mountains to the south and east and the
extension of the Horse Heaven Hills to the northeast of the Stage Gulch area.
The Columbia River is the principal discharge area for the basalt reservoir.
Estimates by the U. S. Geological Survey of natural recharge and pumpage
indicate that the basalt groundwater reservoir in the Stage Gulch area is

overdrawn (Davies-Smith, Bolke, and Collins, 1988).

Water levels in the basalt groundwater reservoir have declined in many parts
of the Umatilla Basin in response to pumpage. As part of a previous

investigation, Water Resources Department staff prepared a map showing
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water level declines in the Umatilla Basin for the period 1965 to 1980
(Oberlander and Miller, 1981). This map indicated that water levels declined
50 feet or more in much of the Stage Gulch area. This area of decline was
used, in part, to define the exterior boundaries of the Stage Gulch area. Water
levels in the Stage Gulch area continued to decline during the period 1980 to
1990. These declines occurred in spite of reduced pumpage documented in
the area during that same period. Further reductions in annual pumpage are

necessary to stabilize water levels in the Stage Gulch area.

During the irrigation season, well interference may have a much greater
influence on water levels in individual wells than does the annual water
level decline. This condition is more extreme where the aquifers are
compartmentalized by the presence of groundwater barriers. The water level
in one unpumped well fluctuates over 500 feet during the year, yet its decline

rate, based on February measurements, is only about 3 feet per year.

The Director of the Oregon Water Resources Department initiated a
proceeding for the determination of a critical groundwater area in the Stage
Gulch area on January 31, 1985. This action was based on investigations
which suggested that water levels were declining and had declined
excessively, the available supply of groundwater was being overdrawn, and
substantial well interference occurs in some areas. This action prohibited the
issuance of new permits to appropriate groundwater from the basalt
groundwater reservoir until final resolution of the critical groundwater area
proceeding. Critical area statutes (ORS 537.730 to 537.740) require a hearing to
declare a critical groundwater area, determine boundaries, set pumpage

limits, and prescribe a method for distributing the available groundwater.



INTRODUCTION

Location

The Stage Gulch area includes about 252 square miles in north-central Oregon
(Figure 1). It is located within the Umatilla Basin in western Umatilla
County. Its western boundary coincides with the eastern boundary of the
Butter Creek Critical Groundwater Area. Its other boundaries coincide with
section lines. The cities of Stanfield, Echo, and most of Hermiston are
included within it (Figure 2). A detailed legal description of the exterior

boundaries of the area is given in Appendix A.

Purpose

The Stage Gulch area is the subject of an administrative action taken by the
Director of the Oregon Water Resources Department in January 1985
(Appendix A). This action initiated a proceeding for the determination of a

critical groundwater area. A hearing is required to resolve the proceeding.

This report updates and summarizes the conditions in the basalt
groundwater reservoir in the area. This information should assist the Water
Resources Commission to make informed decisions regarding any future
actions to be taken by the Department. It should also be useful to well users
and drillers who are potentially affected by administrative actions. The report
includes compilations of water rights, well records, water level data, water
level hydrographs and annual pumpage. A general description of the

hydrogeology of the area is provided.
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Previous Investigations

The geology and groundwater resources of this area have been described in
reports by Wagner (1949), Hogenson (1964), Newcomb (1961, 1966, 1967 and
1970) and Robison (1968 and 1971). Regional geologic maps are included in
reports by Shannon and Wilson, Inc. (1972), Swanson and others (1981), and
Farooqui and others (1981a and1981b).

The Oregon Water Resources Department has performed several
investigations in the Umatilla Basin that have resulted in both published and
unpublished reports. Groundwater conditions in the Ordnance area were
described by Sceva (1966) and McCall (1975). Bartholomew (1975) described
the groundwater conditions in the Butter Creek area. This report was
updated by Norton and Bartholomew (1984). Groundwater conditions in the
Ella Butte area west of the Butter Creek area (Figure 1) were described by
Zwart (1988). Reports by Oberlander and Miller (1981) and Zwart (1984)
investigated groundwater conditions and more regional water level declines

in the basin.

The Water Resources Department entered into a cooperative agreement with
the U. S. Geological Survey in 1980. The purpose of the agreement was to
describe the basalt hydrology and quantify recharge and pumpage in the
Umatilla Basin with the use of a numerical groundwater flow model. The
final report for this study became available in 1988 (Davies-Smith, Bolke and

Collins).

In 1985, the U. S. Geological Survey completed the data collection phase for

the Columbia Plateau Regional Aquifer Systems Analysis (RASA) project in
8



Oregon, Washington and Idaho. Several of the expected twelve reports
resulting from the project will be specific to the Oregon portion of the study
area. The first of these discusses 1984 pumpage in Oregon (Collins, 1987).
Another report (Drost, Whiteman, and Gonthier, 1990) describes the geology,
structure, and thickness of hydrogeologic units in the Columbia Plateau

aquifer system.

Groundwater Development

Development of the groundwater resource for irrigation was almost
nonexistent in the 1950’s. Much of the earliest development was by shallow
wells or sumps which penetrated the alluvial aquifer overlying the basalt.
Several factors combined to encourage the rapid development of the basalt
groundwater reservoir, beginning in the mid-1960’s. These included more
efficient hard-rock drilling methods, the large production of water available
from typical deep basalt wells, new irrigation techniques, favorable crop prices
and the availability of relatively inexpensive electrical power. This irrigation
boom was initially concentrated in the Butter Creek and Ordnance areas to
the west. In the Stage Gulch area, the peak in the development occurred in

the middle to late 1970’s.

Prior to the January 1985 proclamation, the Water Resources Department had
filed about 175 applications to appropriate water from the basalt groundwater
reservoir in the Stage Gulch area. Permits or certificates were issued for 169 of
these applications. Rights that have not been canceled authorize the primary
and supplemental irrigation of nearly 28,000 acres. These rights are tabulated

in Appendix B. In addition, four applications to appropriate groundwater
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from the basalt are pending in the area as of August 1990. The remaining
applications, which are not tabulated, were either withdrawn or rejected.
There are additional groundwater rights in the Stage Gulch area for the
overlying alluvial groundwater reservoir. These are also tabulated in
Appendix B, but the alluvial reservoir will not be discussed in any detail in

this report.

The development of the basalt groundwater reservoir, largely for irrigation,
has resulted in regional water level declines in basalt wells. The declines are
continuing in many wells in the Stage Gulch area in spite of documented
reductions in annual pumpage during the 1980’s. In recent years, less
favorable crop prices and higher power costs have led to reductions in the
number of acres under irrigation and in the quantity of water pumped. Some

rights of record are not presently being exercised.

Administrative Action

The Director of the Oregon Water Resources Department initiated a
proceeding for the determination of a critical groundwater area for the basalt
reservoir in the Stage Gulch area on January 31, 1985 (Appendix A). This
action was taken as a result of ongoing investigations which gave him reason
to believe that:

1) Water levels were declining and had declined excessively,

2) The available groundwater supply was being overdrawn, and

3) Substantial well interference occurred in some areas,
These are several of the statutory criteria, under ORS 537.730, which allow

such action to be taken. The proceeding prohibits issuance of new permits for
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the basalt groundwater reservoir until final resolution of the question of a

critical groundwater area.

The Water Resources Commission has other administrative options to a
critical groundwater area. Its authority includes the ability to withdraw
groundwater reservoirs from further appropriation pursuant to ORS 536.410,
or restrictively classify them for specified new uses pursuant to ORS 536.340.
Historically, these authorities were used to manage only surface water
resources. They represent relatively new administrative tools with respect to
groundwater management. Since its creation in 1985, the Commission has
used both the withdrawal and the classification processes to manage
groundwater resources. Neither the withdrawal nor classification process can
restrict existing authorized groundwater uses. Such reductions in pumpage
can only be accomplished through establishment of a critical groundwater

area.
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PHYSICAL SETTING
Geography

The Stage Gulch area is located within the Columbia Plateau physiographic
province. The Columbia Plateau includes thousands of square miles in
Washington, Oregon and Idaho. Flood basalt forms the bedrock that
underlies the entire province. Higher elevations and greater relief are found
in the southern and eastern parts of the Stage Gulch area. These areas include
some of the foothills of the Blue Mountains, which lie to the south and east
of the area. The elevations range from less than 450 feet near Hermiston to

2000 feet near the southeast corner of the area.

Locally, the Stage Gulch area is within the Umatilla River basin. The
Umatilla River and several tributaries flow through the Stage Gulch area.
Two larger tributaries, Despain Gulch and Cold Springs Canyon, flow into
Cold Springs Reservoir in the northeast corner of the area. Others include
Stage Gulch, Alkali Canyon, Speare Canyon, and Mud Spring Canyon. The
streams are more deeply incised in the southern and eastern parts of the area,
resulting in greater relief and land less suitable for irrigation. The remainder
of the area is less well dissected and has lower relief. The greatest
concentration of irrigated agriculture is in this area. A series of buttes along
the western boundary coincide with a geologic structure known as the Service
anticline. These provide the greatest relief in the vicinity and contrast
sharply with the nearby lowlands. Umatilla Meadows and Echo Meadows are
poorly drained, relatively low relief areas east of Emigrant Buttes, south of the

Umatilla River and west of the cities of Echo and Stanfield.
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Climate

The climate of the area is fairly typical of the semi-arid continental climate
east of the Cascade Range in Oregon. Average annual precipitation at
Hermiston is about 8.8 inches (Figure 3). Precipitation increases somewhat to
the east and south. In Pendleton, about five miles to the east of the Stage
Gulch area, average annual precipitation is about 12.8 inches (Figure 4). The
majority of the irrigated lands in the area receives an average of less than ten
inches of annual precipitation. Most of the precipitation falls during the
winter months as storms move inland from the Pacific Ocean. Summer
precipitation is usually from thunderstorms and is, therefore, more localized

and sporadic.

Summers are usually warm and dry while winters are cool and moist. July
average daily maximum temperature is above 90° F. January average daily
maximum and minimum temperatures at Hermiston are about 40° F and 22°
F, respectively (Johnsgard, 1963). The climate of the Stage Gulch area is
somewhat more moderate than would be predicted for a continental type
climate at this latitude. This is due to the proximity of the study area to the
Columbia River and the occasional influence of more maritime conditions
that exist in western Oregon. The average growing season within the area

varies from 158 to 184 days.
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Population

The cities of Stanfield and Echo are located entirely within the Stage Gulch
area. Most of the city of Hermiston is within the area. The western part of
Hermiston is within the Butter Creek Critical Groundwater Area. Recent
estimates for these cities indicate a combined population of about 12,000
(Oregon Blue Book, 1989). The total population of the area, estimated to be
about 15,000, includes a substantial residential and suburban population

outside the city limits, especially east and north of Hermiston.

Economy

Agriculture dominates the economy of the area. The principal agricultural
products are wheat and other small grains, potatoes, corn, alfalfa, melons and
livestock. Other major industries in the area include food ‘processing,

transportation and tourism.

The Stage Gulch area has excellent access for transportation, which is
important to an agriculturally based economy. Interstate Highway 84 bisects
the area and provides access to points east and west. A recently completed
spur of Interstate Highway 82 connects with Interstate Highway 84 to the west
of the area and provides access to the Tri-cities area in Washington and other
points north. U. S. Highway 395, State Highways 207 and 32 and other
improved county roads also serve the area. In addition, rail transportation is
available within the area and there is nearby access to barge transport on the

Columbia River.
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GEOLOGY
Stratigraphy

Basalt of the Columbia River Basalt Group underlies all of the Stage Gulch
area. The basalt consists of a thick sequence of many individual flood basalt
flows which were formed from eruptions beginning in lower Miocene time,
about 17 million years ago. Episodes of eruptions continued until upper
Miocene time, about 6 million years ago. Individual basalt flows vary in
thickness, chemistry, texture, magnetic polarity, and areal extent. Flows are
typically vesicular and chilled at the basal contact. They become more
massive with typical vertical columnar joints in the central part and are often

vesicular or weathered at the top.

Inactive periods between eruptive episodes became increasingly frequent and
longer in duration as deposition of the Columbia River Basalt Group
progressed. Sedimentary deposits, known as interbeds, were sometimes
deposited on top of the basalt during these periods of volcanic inactivity.
Weathered or vesicular flow tops and bottoms, along with any sedimentary
interbeds, are known as interflow zones. Groundwater occurs and moves
most readily in the interflow zones due to their generally greater

permeability.

The Columbia River Baéalt Group is represented by three formations in the
Stage Gulch area. They are the Grande Ronde Basalt, Wanapum Basalt and
Saddle Mountain Basalt, in order from oldest to youngest (Figure 5). The
Grande Ronde Basalt Formation is the thickest and most extensive of the
formations. It underlies the entire Stage Gulch area and is not exposed at the

surface except in the southern and eastern parts of the area. Elsewhere, it is
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Figure 5. Generalized Stratigraphy of the Stage Gulch Area.
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overlain by Wanapum Basalt and Saddle Mountain Basalt. The Saddle
Mountain Basalt Formation is limited to the northern and western part of
the area. These basalt formations are important as aquifers. Some wells may
penetrate one or more of these formations, depending on the location and

depth drilled.

The basalt was very fluid lava when it erupted. Individual basalt flows often
spread far from the centers of eruption and cover hundreds of square miles.
Topography of the land surface at the time of eruption controlled the extent,
shape, and thickness of the flows. The basalt flows are thickest where
topographic depressions existed and become progressively thinner until they

pinch out at higher elevations.

Sedimentary deposits overlie the basalt in nearly all of the Stage Gulch area.
Miocene to Pliocene age sediments of the Dalles Group immediately overlie
the basalt in much of the Umatilla Basin. The Dalles Group is represented by
the Alkali Canyon Formation to the south of the Arlington-Boardman area,
and by the McKay Formation in the Pendleton-Pilot Rock area (Farooqui and
others, 1981a and 1981b). These deposits were formerly described as
fanglomerate (Hogenson, 1964). They generally consist of poorly to well
cemented basaltic gravels and interbedded tuffaceous sediments. The above
authors do not map Dalles Group rocks within the Stage Gulch area.
However, Robison (1971) revised Hogenson’s earlier geologic map, extending
the mapped area of fanglomerate to the east to include the southern part of
the Stage Gulch area. Walker (1977) maps equivalent (Tertiary) age
sedimentary rocks east of Service Butte only in the southwestern part of the
Stage Gulch area. Deposits of gravel or cobbles, occasionally further described

as being cemented, overlie basalt bedrock in the lithologic descriptions of
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water well reports for wells in this area. This may be an indication that the
Alkali Canyon Formation does occur in the shallow-subsurface to the east of

the Service anticline.

Thick deposits of younger sediments occur in the north and west part of the
Stage Gulch area. These sediments consist chiefly of Quaternary glaciofluvial
deposits of coarse sand and gravel (Hogenson, 1964). Finer grained deposits of
silt and sand that also occur in the area are of lacustrine origin and represent a
slack-water facies of the glaciofluvial deposits. Alluvial sands and gravels of
Quaternary to Recent age have been deposited in the valley and flood plain of
the Umatilla River and its tributaries. Both of these types of deposits have
sufficient thickness and permeability to serve as important aquifers.
Quaternary age windblown deposits of silt to fine sand, known as loess,
blanket nearly the entire area. The younger sedimentary and windblown
deposits cover much of the underlying basalt bedrock in the area. This has
resulted in good exposures of the basalt only in the steeper parts of the
Umatilla River valley and at some of the buttes along the western boundary

of the area.

Structure

As the basalt flows were being deposited over a relatively long and
discontinuous period of eruptions, the Blue Mountains to the south were
also being uplifted. This process resulted in the basalt flows dipping slightly
to the north in the Umatilla Basin. The older basalt flows generally extend
farther to the south than younger flows, as a result of the continuing uplift.
The basalt is thickest near the Columbia River, where it is estimated to be

over 10,000 feet thick (Davies-Smith, Bolke, and Collins, 1988).
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The Blue Mountain uplift, which continued to rise during and after the basalt
flows were deposited, folded the basalt units into broad regional anticlines
and synclines. Many of the mapped folds are features with fold axes of 40 or
more miles in length and flanks that dip very slightly, less than two degrees.
The regional folds often trend east-west to northeast-southwest and are
subparallel to the deformation trend of the Blue Mountains. The Dalles-
Umatilla syncline is one of the regional folds. It closely follows the Columbia
River east of The Dalles to near the city of Umatilla (Figure 6). The Rieth
anticline is another such fold that trends northeast-southwest near the

community of Rieth, just to the southeast of the Stage Gulch area.

Shorter folds are also mapped in the basalt. These often occur as a subparallel
anticline and syncline and are more commonly associated with faults. Dips
on their flanks are often steeper, as well. One of these is the Service anticline,
which is mapped through a series of north-south trending buttes on the west
boundary of the Stage Gulch area. Some apparent normal faults are mapped
at points along the anticline. At other places, surface exposure is limited,
making mapping of the structure difficult. Shannon and Wilson (1972)
mapped the Willow Creek monocline to the west of the Service anticline in
the Butter Creek and Ella Butte areas. Oberlander and Miller (1981) refined
the location of the Willow Creek monocline with the use of water level data.
On that basis, they inferred its trend east of the Service anticline in the Stage

Gulch area.

Structures such as folds and faults can be important factors in controlling the
movement and occurrence of groundwater in basalt aquifers. Groundwater
barriers can result from faulting that offsets interflow zones. Stratigraphic

pinch-outs of interflow zones can also serve as effective groundwater barriers.
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These may result from basalt deposition on pre-existing folds. Since the
basalt in this area is often not well exposed at the surface, it is possible that
some of these structures have not yet been located. The location of
previously unmapped structures and stratigraphic changes influencing the

basalt aquifers sometimes can be inferred by the response of wells to

pumping.
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GROUNDWATER

The Hydrologic Cycle and

General Groundwater Concepts

The continuous circulation of water in all forms on the earth and in the
atmosphere is known as the hydrologic cycle. The cycle has neither a
beginning nor an end, but the oceans are conventionally presented as its
origin. Radiation from the sun evaporates water from the oceans, lakes and
land surface into the atmosphere. The water vapor rises, condenses to form
clouds, and falls back to the earth's surface as precipitation. Precipitation that

falls upon land areas is the source of essentially all fresh water supplies.

Some precipitation, after wetting the foliage and ground, runs off over the
land surface to streams. A portion of this runoff is stored in lakes, ponds, and
swampy areas. Other water soaks into the soil. Much of the water that enters
the soil is detained in the plant root zone and eventually is drawn back to the
surface by plants or by soil capillarity. A portion of it, however, infiltrates
below the root zone and continues moving downward until it enters a
groundwater reservoir. Groundwater moves through the pores or fractures
of saturated subsurface materials and may reappear at the surface in the form
of springs and seeps. These discharges of groundwater maintain the flow of
streams in dry periods. The streams, carrying both surface runoff and

groundwater discharge, eventually lead back to the oceans.

The hydrologic cycle is the system by which water circulates from the oceans
through the atmosphere and returns both overland and underground back to

the sea through diverse paths. The forces involved in this process include
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radiation, gravity, molecular attraction and capillarity. The time required for
water to complete a circuit through the cycle can vary considerably, from a few

minutes to many millenia, depending on the path taken.

Groundwater is water that has percolated below the soil moisture zone to the
zone of saturation. The upper surface of the zone of saturation is the water
table. Water-table, or unconfined, aquifers contain groundwater at
atmospheric pressure. The configuration of the water table is often a subdued
representation of the topography of the land surface. Groundwater moves
down gradient from areas of recharge to areas of discharge at relatively lower
elevation. As it moves preferentially in the more permeable materials, the
groundwater may become confined below less permeable overlying materials.
Groundwater in these confined, or artesian, aquifers is under sufficient
pressure head to rise above the bottom of overlying confining beds in wells
that penetrate such aquifers. The potentiometric surface represents the total
head in a confined aquifer and is analogous to the water table in an
unconfined aquifer. Groundwater reservoirs may contain an immense
quantity of water in storage and may detain the water entering them for long

periods of time before the same water is discharged to surface water bodies.

Basalt Groundwater Reservoir

Hydraulic Characteristics

Most groundwater in Columbia River Basalt aquifers occurs and moves in
the interflow zones and any relatively permeable sedimentary interbeds.

Confined conditions exist in the interflow zones, with the more massive flow
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centers and lower permeability interbeds generally serving as confining
layers. It is possible that each interflow zone has unique hydraulic properties,
groundwater quality, and potentiometric surface. Most permitted basalt wells
in this area are relatively deep (generally greater than 400 feet) and penetrate
multiple interflow zones to maximize prodﬁction of water. This factor
basically requires consideration of most of the developed basalt thickness as a

single groundwater reservoir in the Stage Gulch area.

A small number of permitted basalt wells in the area are relatively shallow,
penetrating less than 200 feet of basalt. Water level elevations at these wells
are considerably higher than at deeper nearby basalt wells. This is an
indication that the shallow interflow zones are associated with higher
potentiometric heads and may be in relatively good hydraulic connection
with the overlying alluvial aquifer. = Records of many wells that penetrate

the basalt reservoir in the Stage Gulch area are given in Appendix C.

Static water level measurements for basalt wells represent heads on a
generalized potentiometric surface as a result of penetrating multiple
interflow zones. Plate 1 is a map of the generalized potentiometric surface in
the Stage Gulch area. It was prepared primarily from water level
measurements made in February 1990. Winter water level measurements
made in prior years were used if February 1990 data were unavailable at some
wells. The water levels in wells were converted to elevations above mean sea
level by estimating the land surface elevation at wellheads, using 1:24,000
scale topographic maps. Water level measurements for most large basalt

wells in the Stage Gulch area are compiled in Appendices C and D.

The shape of the potentiometric surface indicates several features of the basalt
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groundwater reservoir. It shows the direction of groundwater movement,
which is downgradient in a direction perpendicular to the potentiometric
contours. In the Stage Gulch area, the gradient is generally to the west and
northwest, which is also the direction of dip of the basalt flows. This also
indicates that the recharge area for the basalt is to the south and east of the
area, while the major discharge area is to the north and west. The shape of
the contours also suggests that the Umatilla River is also a local discharge
area for basalt groundwater. The 300 to 600 feet contours are relatively closely
spaced in the southwest part of the area. The steep potentiometric gradient
there may be the result of either lower transmissivity or a structural or
stratigraphic barrier that impedes the movement of groundwater. Oberlander
and Miller (1981) used the steep gradient in this area to extrapolate the trend

of the Willow Creek monocline east of the Service anticline.

Aquifer Tests

An aquifer test is a procedure in which a well is pumped in a controlled
manner for a period of time, usually several hours to several days. The
purpose of the test is to determine hydraulic coefficients that indicate how
water is stored and transmitted in the aquifer. Water level data are collected
at the pumped well and usually one or more observation wells during the
pumping (drawdown) phase of the test. Similar data are also collected during
the recovery phase of the test, after the pump is shut down. Additional data,
such as barometric pressure, pumping rate, water temperature and
conductivity are usually collected during such tests. Water samples are often

collected during aquifer tests for later chemical analysis of the groundwater.
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Personnel of the Water Resources Department have conducted aquifer tests at
five locations in the Stage Gulch area. In addition, Department. personnel
participated in aquifer testing conducted at Circle C Ranch by the consulting
firm of CH2M Hill (Oberlander, 1979). Water samples were collected during
some of these aquifer tests for radiometric dating of the groundwater using

the carbon 14 method.

The water level and discharge data collected during aquifer tests allow
determination of the hydraulic characteristics for the basalt groundwater
reservoir in the area of the test. Transmissivities and storage coefficients
from these tests were commonly calculated using either the Theis or Cooper-
Jacob graphical methods. The Theis method involves a curve-matching
technique, while the Cooper-Jacob method requires determination of the
slopes and intercepts of straight-line segments of semi-log plots of the data
(Lohman, 1972). Table 1 is a summary of the hydraulic characteristics
determined for the aquifer tests conducted in the Stage Gulch area. Reliable
determinations for the transmissivity of the basalt groundwater reservoir
range from about 500 square feet per day to over 50,000 square feet per day.
Storage coefficients ranged from about 0.0015 to 0.00001, and averaged about
0.0005. These are typical values for confined aquifers and agree well with
others determined for basalt aquifers (Gephart and others, 1979). As with the
potentiometric surface, the aquifer test results generally reflect composite
hydraulic characteristics for the multiple interflow zone combinations in the
boreholes. Such characteristics for individual water-bearing zones of the
basalt reservoir are not possible to determine with existing wells and pumps

in the area.
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Table 1. Summary of Transmissivity and Storage Coefficients Determined
from Aquifer Tests.

Transmissivity,
Well Location in square feet/day
3N /29E-2add 6000
3N /29E-7ccb 5390
3N /29E-1lacc 1140
3N/29E-11ddd -
3N /29E-14bac 96000
3N /29E-12bbc 5490
4N /29E-36adc 6060
3N/30E-6cbd -
3N/30E-7abc 52260
4N /29E-36adc 5930
3N /30E-7bbd 1600
3N/30E-7abc 9600
3N/28E-26baa 67770
3N/28E-23dcb 36660
3N /28E-28ada 88250
4N /29E-32bbc 550
4N /29E-32bbc 990
4N /29E-32bbc 2100
4N /29E-30abb 494000
4N /30E-29daa 10100
4N /30E-29daa 61400
4N /30E-29daa 8400
4N/30E-29daa 6600
4N /30E-29daa 35200
4N /30E-29daa 15500
4N /30E-29daa 7400
4N /30E-28ada 7400
4N /30E-28ada 9000
4N /30E-28ada 5700
4N /30E-28ada 20000

Coefficient of

29

Storage

Remarks
Circle C #4, pumped
Circle C #3, pumped
Circle C #6, pumped
Circle C #5, pumped

Circle C #8, obs. well,
barrier effect noted
Circle C #7, pumped

Zabransky #3, obs. well
Circle C #2, pumped

Reese #3, obs. well,
barrier effect noted

Zabransky #3, obs. well
Circle C #1, pumped

Reese #3, obs. well
L&L #2, pumped well

L&L #1, obs. well
RCF #1, obs. well
Stanfield #4, pumped,
drawdown

Early* recovery

Late recovery

Cox #3, obs. well,

barrier effect noted
Stage Gulch #3, pumped
well, Theis** drawdown
Early drawdown

Middle drawdown

Late drawdown

Early recovery

Middle recovery

Late recovery

Stage Gulch #4, obs. well
Theis drawdown

Early drawdown
Late drawdown
Early recovery



Table 1. (Continued)

Transmissivity, = Coefficient of

Well Location in square feet/day Storage Remarks

4N/30E-28ada 9000 6.0X10°  Late recovery

4N /30E-32dca 7600 - Stage Gulch #2, obs. well
Theis drawdown

4N /30E-32dca 15500 22X10°  Early drawdown

4N/30E-32dca 5800 46X10°  Late drawdown

4N /30E-32dca 12800 19X10®  Recovery

4N /30E-26¢bb 3500 - Kilgore #1, obs. well
Theis drawdown

4N//30E-26cbb 6300 39X10° Drawdown

4N//30E-26cbb 11100 16X10®  Recovery

2N /28E-1dbb 20000 - Eagle Ranch #4, pumped
well, Theis drawdown

2N /28E-1dbb 19650 - Drawdown

2N/28E-2bdd 21040 58X10%  Eagle Ranch #7, obs. well
drawdown

3N/28E-36dbb 14000 44X10°  Eagle Ranch #3, obs well
drawdown

4N /29E-18dcb 380 - Chowning #2, pumped,
drawdown

4N/29E-18dcb 130 - Early recovery

4N /29E-18dcb 230 - Late recovery

4N /29E-18ddb 1580 11X10°  Chowning #3, obs. well,
Theis early drawdown

4N//29E-18ddb 350 6.7X10%  Theis late drawdown

4N /29E-18ddb 690 22X103  Theis recovery

4N /29E-18ddb 500 49X10%  Drawdown

4N//29E-18ddb 1050 15X103  Recovery

4N /29E-19bce 7800 1.8X103  Gossler obs. well

Theis drawdown

*Early, middle or late refers to the relative time in the drawdown or recovery

data that the calculations were made.

**Theis refers to one of two methods of data analysis used in the calculations.
If no method is indicated, the Cooper-Jacob method was used.



Some of the very high values of calculated transmissivity listed in Table 1
may not be reliable indicators of the actual transmissivity in the area. This is
the result of the influence of several groundwater barriers which were
interpreted to exist between some observation wells and pumping wells.
These barriers are often very efficient in isolating wells on one side from the
effects of pumping on the other. They may be associated with faults, folds

and/or stratigraphic pinch-outs which can inhibit groundwater movement.

In most places where barriers are interpreted from aquifer tests, such
structures have not been previously mapped. One groundwater barrier was
identified north of the Eagle Ranch well number 4 (2N/28E-1dbb) where the
steep gradient in the potentiometric surface has been previously noted (Plate
1). A barrier was identified west of Stage Gulch Ranch well number 3
(4N /30E-29daa). Two possible barriers were inferred to the north and east of
the city of Stanfield well number 4 (4N/29E-32bbc). Another barrier trends
nearly east-west between Circle C Ranch wells number 5 (3N/29E-11ddd) and
number 8 (3N/29E-14bac) and extends to the northeast between Circle C well
number 2 (3N/30E-6cbd) and Reese well number 3 (3N/30E-7abc). These
barrier locations, along with the locations of wells used in the aquifer tests,
are shown on Plate 4. The barriers identified probably represent only a
portion of the total that exist in the Stage Gulch area. Other barriers would

likely be identified in the area with additional aquifer testing.

Recharge

Recharge to the basalt groundwater reservoir within the Stage Gulch area is

very limited. The low vertical permeability of the basalt, combined with
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slight annual precipitation preclude the possibility of significant recharge in
the area. In some parts of the area, saturated sedimentary deposits may
provide some limited recharge to the underlying basalt, especially if the top of
the basalt is weathered or eroded, exposing some edges of basalt flows to the

sediments.

As stated earlier, the shape of the potentiometric contours (Plate 1) indicates
that the principal area of recharge is to the south and southeast of the Stage
Gulch area. Most recharge to the basalt aquifers probably occurs in the Blue
Mountains to the south. Precipitation is greater there as a result of the higher
elevation. The increased dip of the basalt layers also exposes more interflow
zones at land surface there to the relatively more numerous tributaries of the
Umatilla River. This provides more opportunity for recharge to occur.
Another area of limited recharge may be the extension of the Horse Heaven
Hills in Oregon, northeast of the Stage Gulch area (Oberlander and Miller,
1981).

It is difficult to estimate the quantity of recharge that would be available to
wells within the Stage Gulch area on an annual basis. Previous estimates of
annual recharge to the basalt groundwater reservoir in the larger Umatilla
Structural Basin ranged from about 10,000 to over 64,000 acre-feet (Oberlander
and Miller, 1981, and Zwart, 1984). Pumpage estimates for this larger area
suggested that the basalt groundwater reservoir was being overdrawn by at
least 15,000 acre-feet per year (Zwart, 1988). As part of an effort to model the
groundwater flow system in this area, Davies-Smith, Bolke and Collins (1988)
estimated recharge for the entire modeled area to be about 145.85 cubic feet per
second. This equates to approximately 106,000 acre-feet per year. The estimate

does not separate recharge to the alluvial aquifer from that for the basalt
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aquifers. It also includes an undetermined quantity for the Horse Heaven
Hills area of Washington, which would further reduce the quantity available

to basalt wells in the Oregon portion of the modeled area.

Carbon 14 determinations for groundwater samples from six basalt wells in
the Stage Gulch area are shown on Plate 4. Regional carbon 14 ages of basalt
groundwater generally indicate that travel times from areas of recharge are
long. An average rate of groundwater flow has been estimated to be on the
order of five to ten feet per year, based on these age determinations (Zwart,
1988). Rates of groundwater flow in individual interflow zones may be
slower or faster than the above average. Since the wells sampled penetrate
multiple interflow zones, the age determinations for the groundwater are a
composite for those zones penetrated. Slow rates of groundwater movement
are possibly due to low average transmissivity, a generally low hydraulic
gradient, or the presence of groundwater barriers. The generally slow rate of

groundwater movement is another indication that the recharge rate is low.

Discharge

Natural discharge of groundwater within the Stage Gulch area is low. Prior to
development of the groundwater resource, natural recharge and discharge
were probably balanced. The major area of discharge for the basalt
groundwater reservoir is the Columbia River. The shape of the
potentiometric surface contours (Plate 1) indicates that groundwater moves
primarily to the west in the Stage Gulch area, rather than directly toward the
Columbia River. However, a potentiometric surface map for the larger

Umatilla Structural Basin (Oberlander and Miller, 1981) indicates that
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groundwater downgradient of the Stage Gulch area flows to the north, toward
the Columbia River. The 800 foot contour on that map is U-shaped opening
downstream as it crosses the Umatilla River.  This suggests that some
groundwater discharge to the river is occurring in that part of the Stage Gulch
area. The groundwater flow direction for that part of the area, as shown on

Plate 1, is toward the Umatilla River, which agrees with this conclusion.

The basalt groundwater reservoir has been extensively developed by wells for
irrigation, municipal, domestic and other uses over the last 30 or more years.
This has resulted in a relatively large artificial discharge of groundwater
within the Stage Gulch area. It is difficult to quantify the pumpage from
basalt wells during the early period of this development. The Water
Resources Department has required totalizing flowmeters since 1980 for most
permitted wells in the Stage Guilch area. Annual pumpage from basalt wells
has been estimated for the period 1980 to 1989, primarily with the use of
flowmeter data (Table 2). When flowmeter data are missing or believed to be

unreliable, data from power meters are used to refine or augment the

estimates.
Table 2. Estimated Annual Pumpage, in Acre-feet, from the Basalt
Groundwater Reservoir in the Stage Gulch Area, 1980 to 1989.
Year Acre-feet Year Acre-feet
1980 36,200 1985 35,300
1981 34,100 1986 31,300
1982 31,300 1987 30,800
1983 30,000 1988 28,600
1984 31,000 1989 30,700



The pumpage estimates show a general decrease during this period, with
nearly 15 percent less water being pumped in 1989 than was pumped in 1980.
The reasons for the overall decrease are believed to be largely economic,
resulting from lower crop prices and increased production costs, particularly
power. Some irrigators have reduced the total acres under irrigation, or
ceased irrigating entirely. Other reasons for decreased pumpage may include
several successive years of above average precipitation and a move by some
irrigators to more efficient irrigation practices. The pumpage of groundwater
may not remain at the present level in the Stage Gulch area. The full exercise
of current water rights in the area would result in much greater pumpage, to
over 80,000 acre-feet per year. As economic conditions change, an increase in

annual pumpage is possible.

As discussed earlier, the Stage Gulch area is rather distant from the principal
area of recharge in the Blue Mountains. The low vertical permeability of the
basalt layers likely precludes significant induced recharge within the area.
The area is located closer to natural discharge areas for the basalt groundwater
reservoir. Because of this proximity to discharge areas, it is likely that
development of the basalt groundwater resource in the Stage gulch area has

resulted in a reduction in natural discharge from the basalt aquifers.

Davies-Smith, Bolke and Collins (1988) calibrated a groundwater flow model
to both steady-state and transient conditions. Steady-state conditions
correspond to the year 1950, which is presumed to be prior to any
groundwater pumping. Transient conditions include the period between 1950
and 1982, during which time development of the groundwater resource
occurred. Pumpage stress was simulated for each year. They estimated that

aquifer discharge to streams decreased by about 41.46 cubic feet per second,

35



which equates to approximately 30,000 acre-feet per year by the end of this
transient analysis period. This estimate includes the alluvial aquifers as well
as the basalt, and also includes reductions in discharge from a small portion
of Washington State across the Columbia River. It is likely that development
of the basalt groundwater reservoir has had some impact on streamflows in

the Umatilla Basin, and that this impact will continue or increase.

Water Level Declines

Development places a new discharge stress on a groundwater reservoir.
Some declines in water level will result from that stress. The total water
level decline, and the area affected by such declines, depends on many factors.
These include the hydraulic characteristics of the reservoir, quantity of water
pumped, spacing between wells, well construction, and distance to recharge or

discharge areas.

Ideally, as development of the resource progresses in the area, water level
declines will continue and the area experiencing declines will expand until
such time that either recharge or discharge areas are intercepted. With such
interception, the declines may induce greater recharge to the groundwater
reservoir, but will reduce natural discharge from it. Water levels may then
begin to stabilize at lower elevations as the additionally induced recharge, or
reduced discharge, balances the quantity of water pumped. If pumpage is
great enough to overdraft the groundwater reservoir, water level declines will
continue without stabilizing. As a result of compartmentalization and other
anisotropy of the basalt groundwater reservoir in the Stage Gulch area, water

levels do not respond uniformly to the stress of development.
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Water levels in the Stage Gulch area have declined as a result of
development. Plate 2 shows water level declines for the period 1965 to 1980.
The plate is slightly modified from Oberlander and Miller (1981) and is
presented to approximate the total declines documented in the area to that
time. By 1980, many of the wells had already experienced water level declines
of 50 feet or more, resulting from development of the resource in the 1970’s.

Two areas of localized declines of over 100 feet are indicated on the map.

Department personnel have made winter water level measurements at
selected wells in the entire Umatilla Basin annually since 1979. Most
irrigation wells are idle at this time and water levels have recovered to their
highest annual levels. Plate 3 shows water level declines in the Stage Gulch
area during the period 1980 to 1990, based on these winter measurements.
Water level dedlines continue at nearly all of the observation wells. Most of
the declines are between 25 and 60 feet, with over 100 feet at some wells in the

southwest part of the area.

Hydrographs of selected wells in the Stage Gulch area are presented in
Appendix E. A hydrograph is a graphical representation of the water level in
a well versus time. Water level trends in individual wells are easy to
visualize with hydrographs. Analysis of the hydrographs indicates that water
level declines continue at most wells in the Stage Gulch area without

indication that stabilization is occurring.

Well Interference

During the irrigation season, interference between pumping wells has a
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much greater influence on water levels in some wells than does the annual
water level decline. The Water Resources Department has documented well
interference in parts of the Stage Gulch area. These data are not as extensive
as those for annual water level declines. This is because summer water level
measurements are not made as often as are winter measurements. Wells are
frequently pumping, or have been recently pumped, in the summer.
Residual drawdown in such wells may mask well interference effects.

Therefore, unpumped wells are best suited to document well interference.

The water level in one unpumped well in the Stage Gulch area (3N/30E-6cbd)
fluctuates over 500 feet during the year. The decline rate for this well, as
determined by February measurements, is only about 3 feet per year, which is
slightly less than average for the area. The hydrograph for this well is given
in Appendix E. Aquifer testing revealed that this well is located near several
groundwater barriers. This probably represents an extreme example of the
magnitude of well interference in the area. The Department has responded to
other reports of well interference in the Stage Gulch area and discovered

greater than 100 feet of interference elsewhere.

Well interference results in increased pumping lifts and other associated costs
to well owners. It is more extreme where the aquifers are compartmentalized
by the presence of groundwater barriers. The barriers that efficiently isolate
wells from the effects of pumping on opposite sides also serve to increase the
effects of well interference for wells on the same side. This is because the
expansion of the cone of depression of a pumping well is limited in the
direction of the groundwater barrier, and the cone must therefore expand in

other directions.
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Continued Use of the Resource

Future pumpage at or above current rates from the basalt groundwater
reservoir in the Stage Gulch area will result in continued water level declines
in wells. As water levels decline, pumping costs will progressively increase.
In addition, many wells will need to be deepened to continue to pump the
customary or permitted quantity of water. Deepened wells will penetrate
additional interflow zones which have unknown hydraulic characteristics.
These zones may yield groundwater under differing pressure heads from
those that overlie them. Water levels may therefore either rise or fall during
the deepening operation. Although deepening may result in higher water
levels in some wells, continued overdraft of the resource will result in

declines that continue after deepening.

Eventually, the water level in some wells will reach or exceed the economic
pumping level in the area. The economic pumping level is tied closely to,
and therefore will vary with, pumping costs (Appendix F). When this occurs,
it is likely that some irrigators will pump less groundwater. Others will likely
be forced out of irrigation entirely if no other source of water is available.
Annual pumpage in the area will probably decrease to an amount that will
produce relatively stable water levels in most wells. Future power costs and
crop prices are unpredictable, and because of this, it is uncertain when this
situation would occur in the Stage Gulch area. However, in that setting the
prior appropriation system would be irrelevant. Only those appropriators

who are able to afford the pumping costs in the area would continue to

pump.
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