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Executive Summary
Future growth of the City of Cheney will place increasing demand on the groundwater resource that
is the exclusive source of water for the community. A revised groundwater flow model has been
used for the primary purpose of assessing the impact to the groundwater system under future growth
scenarios for the City of Cheney. The model simulates various pumping scenarios ranging from the
2003 average annual withdrawals to values projected to be found in 2026.
The simulation results from Scenario 1 are very probably reflective of the present day state of the
aquifer system around Cheney under annual average pumping conditions (for 2003). The greater
pumping rates simulated in Scenarios 2 and 3 are probably not sustainable long-term without
increasing the number of pumping centers and distributing them more widely around the City in
order to minimize interference. Moreover, it is doubtful that the existing City wells could
efficiently pump at the high discharge rates used in these two simulations, due more to the
physical properties of the wells (well capacity) and the pumps (pump capacity) and not due to
any limiting factor in the aquifer system. Some future refurbishment of existing wells is almost a
certainty in order to maintain or increase their existing capacities.
Simulation of Scenario 4 includes a new municipal well no. 8 and minor pumping of existing
well no. 4 to meet future demands. Drawdown for Scenario 4 is less for all wells than in
Scenario 2 even though the total discharge from all wells is higher. This is largely due to lower
individual well pumping rates and an increased capture zone for groundwater with the addition
of a new well, thereby reducing the overall drawdown experienced throughout the aquifer
serving all of Cheney’s municipal wells.
At present, the simulation results show that drawdown in the City wells ranges from 15 to 120
feet (Scenario 1 – 2003 annual average withdrawals). However, by the year 2026 (Scenario 3),
the simulated drawdowns will range 48 to 360 feet and impact on some wells’ ability to pump
efficiently. As the City population increases toward the year 2026 (Scenario 3) it would be
expected that several more wells would be on line and part of the water distribution system by
that time, reducing the pumping demands on the existing water infrastructure.
Existing historical data show that groundwater mining is already occurring in the aquifer system
beneath the City of Cheney where limited records for City wells no. 1-3 suggest that about 20
feet of water level decline has occurred in the last 40 years. A simple water budget calculation
further demonstrates that the groundwater withdrawals by City wells already exceed the natural
groundwater flow rate beneath the City. This analysis suggests that about 11 feet of additional
water level decline may occur in the next 20 years.
If 1.0 million gallons per day (mgd) of treated wastewater effluent is “recycled” for irrigation of
parks and green space (during the summer months of June through September), thereby reducing
the demand for groundwater, the predicted groundwater mining in aquifers around Cheney is
reduced to approximately 7 feet by 2026, a reduction of 40 percent of the presently predicted
rate.
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Purpose and Scope
The primary purpose of this report is to assess the impact to the groundwater system that
provides all of the potable water for the City of Cheney by simulating future growth scenarios
that place increasing demand on existing municipal wells. This investigation is one component
of a larger study that considers the potential for a water reuse system in order to conserve the
groundwater resource on which the community is entirely dependent.
This analysis utilizes an existing groundwater flow model developed for the area surrounding the
City of Cheney for purposes of capture zone delineation (Buchanan, 1996). The computer
simulation has been updated with new information and further modified for the purposes of
examining future pumping levels and potential interference between wells serving the City and
Eastern Washington University. The historical record of groundwater level decline in the City
wells is also examined, and future rates of decline are estimated based on projections of
population growth.
The specific tasks undertaken in the preparation of this report included:
(1) Gathering and reviewing recent new data.
Pertinent new geologic and hydrologic information was gathered (see References) in order to
refine an existing conceptual model of the aquifer system in and around the City of Cheney
(Buchanan, 1996). The City furnished information on the seven (7) existing municipal wells,
including data on pumping schedules, water levels, construction details, drillers’ logs, etc. No
new field data was acquired.
(2) Revision of the existing groundwater flow model.
Based on the revised conceptual model, an existing three-dimensional groundwater flow model
(Buchanan, 1996) was updated and executed in order to simulate future groundwater conditions
under various stress conditions. The U.S. Geological Survey=s MODFLOW computer code was
utilized for the modeling analysis using the Groundwater Vistas interface (Environmental
Simulations, 1996).
(3) Simulation of various future pumping scenarios.
City staff outlined various pumping rates for each of the seven presently existing municipal
wells, in addition to the two wells serving the campus of Eastern Washington University. All
together, there are nine large wells extracting water that serve the town of Cheney and the
University. Multiple scenarios were simulated, ranging from present average annual rates of
withdrawal, to recent summertime high rates of pumping (summer 2003) and projected pumping
rates for the year 2026.
(4) Characterization of potential well interference and groundwater mining.
Increasing pump rates results in larger cones of depression, and consequently well interference
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becomes increasingly problematic. Focus was primarily on City wells 1, 2 and 3, and the two
University wells, which are all drawing from nearly the same depth and hydrostratigraphic unit,
and all lie relatively close to one another.
Study Area
Figure 1 shows the area generally surrounding the City of Cheney that constitutes the broader
study area. The general area of the groundwater model domain is indicated in the figure.

Figure 1. Map showing the City of Cheney and surrounding area. Map nearly conforms to the
area simulated in the groundwater flow model used in this report; the model domain is outlined.
City of Cheney wells numbers 6 and 7 are labeled C6 and C7, respectively. See Figure 2 for
locations of other municipal and University wells.

Geology
Buchanan (1992, 1996) summarized the geologic and hydrogeologic setting of the area around
Cheney for purposes of recommending the location of new municipal wells and delineating
wellhead capture zones. That work was based largely on the geologic mapping done by Joseph
(1990) and by Stoffel and others (1991), but today additional detailed geologic maps exist for the
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area generally north and east of the City (Hamilton and others, 2004a; 2004b, 2004c).
There are several important geologic units that occur within the modeled area. The primary units
are from oldest to youngest: 1) basement rocks of various compositions that underlie the entire
region and core the numerous hills and steptoes, 2) widespread horizontally-bedded volcanic
rocks consisting of basalt flows separated by laterally discontinuous sedimentary interbeds that
form the relatively flat surfaces of the Columbia Plateau region, and 3) overlying unconsolidated
surficial deposits consisting primarily of flood-deposited sand and gravel and the wind-deposited
silts that comprise the rolling hills characteristic of the Palouse.
Basement Rocks
The underlying basement rocks in the Cheney area consist of several different types of rocks,
most easily observed where they crop out in the steptoes that lie north and east of the city, for
example, in Wrights Hill and near Fish Lake. Much of the basement consists of sedimentary
rocks of the Precambrian age Belt Supergroup that have undergone low-grade metamorphism
during intrusion by Mesozoic and Tertiary age quartz monzonite and granodiorite (granite)
plutons (Griggs, 1976; Stoffel and others, 1991).
Buchanan (1996) reports that depth to basement rock varies in the study area from zero to 1,555
feet or more. Drillers' logs of Cheney water wells 4 and 5 show that quartzite is encountered at
1,555 and 1,191 feet beneath the ground surface respectively. A water well three miles west of
Cheney bottoms in granite at a depth of 516 feet beneath the ground surface, while numerous
wells east and northeast of Cheney encounter basement rocks at considerably more shallow
depths. Where these rocks are exposed on the surface, they are usually deeply weathered and
decomposed to a coarse sand and gravelly texture. The recently drilled City wells number 6 and
7 a few miles west of town did not encounter these rocks at depths approaching 750 feet below
grade.
Columbia River Basalt
The most ubiquitous rock in the study area is the Columbia River Basalt that was deposited
during the Miocene (specifically, 12 to 17 million years ago). These rocks are the product of
numerous volcanic eruptions of very fluid lavas in southeastern Washington that flowed
throughout the Columbia Plateau, resulting in deposits hundreds to thousands of feet in thickness
that are regionally widespread (Swanson and others, 1975; Griggs, 1976; Hooper, 1982). The
basalts are multi-layered and contain interbeds consisting of semi-consolidated sand, silt and
clay that reflect surficial deposition in streams and lakes during periods of quiescence between
eruptions of basalt. These interbeds, known in this area as the Latah Formation, crop out in the
study area near Fish Lake, and are described in drillers' logs for Cheney water wells 4, 5, 6 and 7
and other domestic wells in the area. Interbeds are usually less than ten feet in thickness and are
laterally discontinuous, but can occur in aggregate thickness in a single well totaling more than
several hundred feet, for example Cheney city wells 4 and 5. The Latah interbed encountered in
the recently drilled wells no. 6 and 7 is between 75 and 100 feet in thickness. Basalt flows in the
study area range in thickness from a few feet where they onlap the pre-Miocene steptoes to more
than 1,500 feet in the deepest water well (Cheney well number 4).
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A single basalt flow unit is typically several tens of feet in thickness, and exhibits a set of
distinct morphologic elements that may sometimes be discerned in drillers' logs. The interior of
a flow is typically dense, with vertical columnar jointing that developed during the cooling and
crystallization of the flow. This section of the flow is termed the entablature if the columns are
relatively thin, or termed the colonnade if the columns are well formed. A vesicular zone several
feet thick usually develops on top of the flow as volatile gasses escape during cooling. In
addition, the flow top may be weathered and rubbly (Mangan and others, 1986).
Stratigraphically, the Columbia River Basalts have been formally subdivided into different flow
units (formations), and in the Cheney area two recognized flows are present: the Wanapum and
Grande Ronde Basalts (Drost and Whiteman, 1986). The Grande Ronde Basalts are older than
the Wanapum Basalts and hence occur stratigraphically lower in the section. Inspection of the
log for well 4 shows the contact between the two flow units at an elevation of about 1,800 feet
MSL (above mean sea level). In Cheney water well 5 the log shows the contact at about 1,900
feet MSL. The contact between the two formations has been reported to occur between 2,100
and 2,200 feet in elevation in the West Plains area (Deobald and Buchanan, 1995). A thick Latah
interbed in wells 6 and 7 that was believed to separate these two formations lies at an elevation
of about 1,900 feet. However, recent geochemical analyses of samples extracted from core
collected during drilling of Cheney well number 5 suggests that the Wanapum/Grande Ronde
contact lies at an elevation of 2,200 feet above mean sea level (Stoffel, personal communication,
2003).
Surficial Sedimentary Deposits
The present surface above the Columbia River Basalts is covered by unconsolidated deposits
consisting of thin soils of silt, sand and gravel. During the Pleistocene (0.01 to 1.6 million years
ago) eastern Washington was periodically scoured by catastrophic outburst floods originating in
northern Idaho due to the failure of glacial ice dams in the Clark Fork drainage. Many of the
small lakes in the Medical Lake area, south of Cheney and in the Turnbull National Wildlife
Refuge occupy the eroded channels in basalt bedrock resulting from erosion by the floods. The
term "Channeled Scablands" is often applied to this region to describe the distinctive
topography. Also, during the waning stages of each flood event, thin veneers of coarse-grained
sediments were deposited, usually no more than ten feet in thickness.
Also during the same time, finer-grained sediments blown by the wind from the glaciated terrain
to the north, settled in the region resulting in the rolling hills typical of the Palouse. In many
places these hills have been scoured by the outburst floods resulting in streamlined shapes when
viewed from the air. The silts comprising the Palouse hills range from a few tens of feet to no
more than one hundred feet in thickness. These hills are best developed immediately to the north
of Cheney and in the Lance Hills.
Hydrogeology
An aquifer is defined as any geological material that stores and transmits groundwater in
economic quantities. Several aquifers can be identified in the study area related to the geologic
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units identified in the preceding section, in fact, all lithologies contain groundwater to some
degree. Buchanan (1992, 1996) provides a summary of the aquifer systems in the Cheney area
and they are summarized below.
Unconsolidated Surficial Aquifer
Groundwater can occur in limited quantities in the thin soils that mantle the bedrock throughout
the study area. Unconfined aquifers exist locally in the coarse sand and gravel deposits and
water is usually abstracted through shallow dug wells. Although the aquifer framework has high
porosity and permeability, the saturated thickness is typically less than ten feet and as such, these
aquifers respond immediately to periods of drought through rapid lowering of the water table.
As a result, the surficial aquifer is not considered reliable for long term supplies of great
quantities of groundwater, but it is usually sufficient for a domestic water supply. In addition,
while the silts in the Palouse hills retain significant amounts of infiltrated water, their
permeabilities are usually very low, precluding them from definition as a viable aquifer. In sum,
shallow wells developed in the surficial materials are usually sufficient only for a single
domestic consumer. None of the seven City wells or the two University wells are developed in
this aquifer.
Basement Rock Aquifer
Groundwater can also occur in the basement rocks where they are deeply weathered or jointed,
or along the basalt/basement contact. Because of the crystalline nature of these rocks, quartzite
and granite, porosity is usually low and permeability is limited as it is a function of the
interconnectedness of the joints or the degree of weathering of the bedrock (Driscoll, 1986). At
best, this aquifer may yield only several gallons of water per minute, and wells penetrating this
aquifer will only yield water until the fractures in close proximity to the well are drained (Olson
and others, 1975).
It is surprising that Cheney water wells 4 and 5 are developed in the basement quartzite.
Normally this lithology does not yield quantities of groundwater in sufficient quantities to
municipal wells. With time yields may decrease to these wells as groundwater recharge to this
deep hydrostratigraphic unit is limited. In fact the city has encountered a variety of problems in
each of these wells that may be related to the quartzite aquifer (Economic and Engineering
Services, 2002).
Columbia River Basalt Aquifers
The most prolific hydrostratigraphic units in the study area are contained within the Columbia
Rivers Basalts. Since the basalt flows are generally multilayered, and that many of the flows are
interlayered with coarse sedimentary deposits of the Latah Formation, groundwater generally
occurs in abundance in the porous vesicular zones between the flows or in the sedimentary
interbeds thereby creating multiply stacked confined or semi-confined aquifers accessible
through deep wells. Again, groundwater may also occur in abundance at the contact between the
basalt and the underlying basement rock (quartzite and granite). City wells1-3 and 6 and 7 are
developed in basalt aquifers, as are the two University wells.
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Most groundwater occurs within the vesicular zone that defines the top of a single basalt flow
(described above) since it is usually quite permeable and porous; if the flow top was weathered
prior to burial by the next succeeding flow, porosity and permeability may be further enhanced.
Movement of groundwater vertically along the joints in the basalt is estimated to be several
orders of magnitude lower than the horizontal rate of movement. Furthermore, the porosity of
the vesicular zone in the basalts ranges from 10 to 50 percent, while the overall effective
porosity is considerably less (Fetter, 1982). The potential yield of groundwater from aquifers in
the Columbia River Basalts ranges from 500 to 100,000 cubic meters per day (Driscoll, 1986),
but regional declines in the groundwater surface have been described, especially in areas
associated with high withdrawals or in areas near the aquifer boundary (Whitehead, 1994).
Note that these water-yielding target zones account for less than six percent of the upper 1500
feet of the Columbia River basalts in eastern Washington (Newcomb, 1972).
Water reaches the interflow zones and recharges the aquifers by either percolating downward
through the vertical columnar jointing structures in the overlying basalt flows or by lateral
groundwater inflow (Luzier and Burt, 1974). Again, vertical permeability is usually several
orders of magnitude lower than that in the interflow zones so recharge through vertical
infiltration is very slow. Most of the deep confined basalt aquifers on the Columbia Plateau are
recharged almost entirely through lateral groundwater inflow.
The occurrence and movement of groundwater in the Wanapum and Grande Ronde
hydrostratigraphic units has been described regionally by Drost and Whiteman (1986) and by
Whitehead (1994). The Grande Ronde flow forms the deepest hydrostratigraphic unit in the
basalts near Cheney and is believed to be mostly confined; in the area around Cheney the deeper
aquifers are recharged entirely by lateral groundwater inflow. The uppermost significant waterbearing basalt aquifer near Cheney is the Wanapum flow, and in many places this flow crops out
on the land surface, particularly in the scabland channel south of the city. Recharge to this unit
comes partly from direct precipitation and infiltration on weathered outcrop surfaces, while a
significant portion is received as lateral inflow. It is groundwater in the Wanapum
hydrostratigraphic unit that is responsible for flow to the many small springs and lakes that occur
naturally in the surrounding area. The regional hydraulic gradient in both hydrostratigraphic
units controls the direction of groundwater flow, and is generally toward the southwest.
Conceptual Hydrogeologic Model
Based on the geologic and hydrogeologic discussion above, a generalized conceptual flow model
has been developed for the area around Cheney and originally proposed by Buchanan (1996).
There are four important hydrostratigraphic units present in the subsurface in the area around
Cheney that are described in the conceptual model. These include the Wanapum and Grande
Ronde basalt aquifers and the basement rock aquifer. Separating the basalt aquifers is the Latah
interbed that seems to behave as an aquitard, a unit that restricts groundwater flow. The basalt
aquifer units both appear to be confined to semi-confined but almost certainly exchange some
groundwater with the basement rock aquifer where they abut one another.
Because of the clayey nature of the Latah interbeds, it possess high porosity but very low
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hydraulic conductivity. Consequently it is regarded here as an aquitard unit that restricts the
vertical exchange of groundwater between the basalt aquifers. This is evidenced by the fact that
heads in Wanapum are higher than in Grande Ronde when one compares water levels in the
shallower domestic wells developed in the Wanapum with the static levels reported in City wells
no. 6 and 7 that are developed in the deeper Grande Ronde. This establishes a vertical hydraulic
gradient that is downward, from the Wanapum to the Grande Ronde.
Recharge to the aquifers in this system is believed to occur from above in the form of areally
distributed precipitation (minimal) and by lateral inflow (more significant). Despite the
downward hydraulic gradient from the Wanapum to the Grande Ronde, the deeper basalt aquifer
is recharge primarily from lateral inflow from the northeast (Drost and Whiteman, 1986;
Whitehead, 1994).
Groundwater flow in the Cheney area is almost certainly controlled up-gradient (to the northeast)
by the presence of steptoe mountains (for example, Prosser Hill, Needham Hill, Wrights Hill)
that consist of older crystalline basement rocks surrounded by younger basaltic lava flows.
Since the main aquifers on the Columbia Plateau are contained in the basalt formations, the low
porosity and low hydraulic conductivity of the basement rocks in the steptoes typically serves as
a barrier to groundwater flow. However, the contact zone between the basement rocks and the
surrounding onlapping basalt strata may provide an area for groundwater recharge.
Consequently, the high hills between Cheney and Four Lakes likely define the groundwater
divide that exists between the study area and the West Plains region. Also, a hydraulic
groundwater divide also likely exists between the City of Cheney and Marshall, Washington, as
a recent study of the hydrology of the Hangman Creek watershed has revealed (Buchanan and
Brown, 2003.) In sum, the primary direction of groundwater flow in the Cheney area is from the
northeast to the southwest, more-or-less parallel to the rail lines that traverse the area south of
town.
City of Cheney - Municipal Wells
The City of Cheney maintains and operates seven municipal wells, although well no. 4 rarely
operates. The wells were drilled between 1914 and 1994, and intercept three different
hydrostratigraphic units. Wells 1-3, the shallowest, were believed to have been completed in the
Wanapum basalt but recent geochemical work suggests that they are developed in the Grande
Ronde aquifer (Stoffel, personal communication). Wells 4 and 5, the deepest, are developed in
the basement rocks consisting primarily of quartzite. The most recently drilled wells, numbers 6
and 7, are completed at an intermediate depth in the Grande Ronde basalt.
Table 1 summarizes information related to each of the seven municipal wells based on
information contained in the Ground Water contamination Susceptibility Assessment Survey
Form for each well, as well as from other sources (Stasney, personal communication).

Table 1. Municipal wells serving the City of Cheney.
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City well Year
Surface elevation
Total depth Static level
Aquifer
no.
drilled
(ft MSL)
(ft)
(ft MSL)
1914
2428
565
2115
Grande Ronde
C1
1921/1986
2428
525
2120
Grande Ronde
C2
1960
2460
550
2027
Grande Ronde
C3
1966/1991
2425
2136
Basement
C4
1977
2360
2134
Basement
C5
1994
2360
710
Grande Ronde
C6
1994
2360
640
Grande Ronde
C7
NOTE: Wells #1-3 were originally interpreted to be completed in the Wanapum aquifer. Recent
geochemistry on basalt samples from Cheney #5 shows that the Wanapum/ Grande Ronde
contact lies at an elevation higher than originally estimated, at approximately 2,200 ft MSL.

Eastern Washington University Wells
Eastern Washington University has two wells that service the campus environment, located
behind Showalter Hall and next to the Rozell steam plant building. Both are developed in the
upper Grande Ronde hydrostratigraphic unit and both have the potential to interfere with City
wells 1, 2 and 3. Construction details follow:

Table 2. Eastern Washington University well details.
EWU well Year
Surface elevation
Total depth
no.
drilled
(ft MSL)
(ft)
2420
512
U1
2500
561
U2
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Static level
(ft MSL)
2101
2094

Aquifer

Grande Ronde
Grande Ronde

Figure 2. Map showing location of seven municipal and two University wells. City of Cheney
wells are coded with a “C” and the two Eastern Washington University wells are coded with a
“U.” A preliminary site for future municipal well no. 8 is generally located in the area around
the label “EWU 1.”
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Figure 3. Diagram showing estimated lateral stratigraphic relationships between all wells
serving the greater community of Cheney and Eastern Washington University. No horizontal
scale implied.
Groundwater Flow Model
The groundwater flow model for the area around Cheney and originally developed by Buchanan
(1996) is used here but with significant modification. Details of the original model are
elaborated on first, followed by a discussion of the revisions made to the model for purposes of
this analysis.
Model Code Selection and Setup
The U.S. Geological Survey ground water flow model MODFLOW (McDonald and Harbaugh,
1988) was selected for purposes of delineation the capture zones for each of the seven City wells
(Buchanan, 1996). This is an industry standard model, is modular in design, and is capable in
handling three-dimensional flow problems. The preprocessor software Groundwater Vistas
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(Environmental Systems, Inc., 1996) was used for designing the model, running the model, and
generating graphic output.
The original model domain that covers the study area (shown in Figure 1) consisted of four
layers, with 63 rows and 65 columns, making 16,380 active cells in the finite-difference grid.
The grid is variably dimensioned, telescoping down to smaller cells at well locations. The model
grid overlays a basemap of Cheney that was furnished by City staff.
Four layers were defined in the original model to accommodate the three-dimensional
complexity explained in the conceptual model. The first (topmost) layer of the model simulated
the Wanapum basalt aquifer, the second represented the Latah interbed aquitard, the third
defined the Grande Ronde basalt aquifer while the fourth described the underlying basement
rock aquifer. Significant changes have been made to the definition of model layers and they are
explained below under model revisions.
Aquifer Properties
Each aquifer layer simulated in the original model required the input of basic physical
parameters. The elevation of the top and bottom bounding surfaces of each layer, their
horizontal and vertical hydraulic conductivity, and their porosity were specifically defined.
Values for storativity or specific yield were unnecessary given the steady-state nature of the
model. These data were derived from various technical reports and from inspection of local
water well logs. Table 3 summarizes the original model parameters but these have been
subsequently revised; the revisions are discussed in a following section of this report.
Table 3. Summary of the basic model parameters for each layer in the original model
(Buchanan, 1996).
Layer

Hydrostratigraphic
unit

Top/bottom
elevation
(ft MSL)

Horizontal
hydraulic
conductivity
(ft/day)

Porosity
(percent)

Vertical
hydraulic
conductivity
(ft/day)

1
2
3
4

Wanapum

2400/1900

5.0

7

0.005

Latah interbed

1900/1750

0.01

25

0.0001

Grande Ronde

1750/1000

5.0

1

0.005

Basement

1000/0

0.5

10

0.005

The elevation of the top and bottom of each of the model layers was determined by assuming
that the contacts between basalt flows are more or less horizontal. Inspection of water well logs
for the model area, coupled with more detailed scrutiny of the City’s well logs provided the
basis for the elevations used in the original groundwater model as shown in Table 3.
Hydraulic conductivity is a measure of the ability of a permeable media to transmit a fluid
(Fetter,1980) and it can be differentiated into horizontal and vertical components. In typical
hydrogeological practice, the horizontal hydraulic conductivity relates to the ability of
groundwater to move horizontally through an aquifer, whereas the vertical hydraulic
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conductivity relates to the vertical movement of groundwater in an aquifer. Values for these
parameters were derived from a recent study of the basalt aquifer systems on the West Plains of
Spokane County (Deobald and Buchanan, 1995). They report an aquifer test that yielded a
horizontal hydraulic conductivity of about five feet per day in the Wanapum basalt. Whiteman
and others (1994) report this to be the median value for all basalts on the Columbia Plateau in
Washington. Consequently, this value was used to represent the horizontal hydraulic
conductivity in both the Wanapum and Grande Ronde basalt aquifers around Cheney. Fetter
(1980) provides the additional values for the clayey Latah interbeds and basement quartzites.
Vertical hydraulic conductivity is generally assumed to be 1/10th to 1/1000th of the horizontal
value (Fetter, 1980). Recent independent analysis of the aquifer conditions around the Cheney
area have yielded slightly different values for these parameters (Stasney, personal
communication) and they are detailed in a subsequent section of this report.
Porosity values for each aquifer layer in the model were derived from Fetter (1980). Selection of
appropriate values for effective porosity strongly controls the size (length) of the capture zone of
a well. A low value of porosity for the third model layer, the Grande Ronde aquifer, was utilized
to enable well interference between City wells 6 and 7 that was described in aquifer tests in
1995.
Boundary Conditions
Recharge to the model in the form of areally distributed precipitation (rainfall) to the top layer
was assumed to be insignificant. However, lateral inflow from the model boundaries was
viewed as the most important source and sink of groundwater, and was simulated using the
general head boundary (GHB) package in MODFLOW. Review of well logs in the study area
showed that the static heads in wells in the Wanapum basalt aquifer were at about 2,200 ft MSL
along the eastern border of the model domain, falling to about 2,100 ft MSL along the
southwestern boundary. The heads in the Grande Ronde basalt aquifer were more difficult to fix,
given the lack of wells penetrating the unit. A review of Drost and Whiteman (1986) and
Whitehead (1994) reveals the regional potentiometric surface in the Grande Ronde.
Wells were the other significant sink of groundwater in the model, and were simulated using the
well package in MODFLOW. The simulated well pump rates (given in Table 2) were converted
from gallons per minute (gpm) to cubic feet per day (cfd), and since they are extraction wells,
were assigned negative (-) rates in the model. The model was run at steady-state; time and cost
precluded a full transient run of the model, and the lack of calibration targets for the transient
condition also limits the model=s ability in this regard (Buchanan, 1996).
Calibration
Again, no local scale ground water table or potentiometric surface maps exist for the area around
Cheney, Washington - only large scale regional mapping has been done by Drost and Whiteman
(1986) and by Whitehead (1994). Model parameters were varied until the model predicted head
distribution and gradients were checked against these sources and found in close agreement.
The original model was calibrated by primarily adjusting the GHB elevations and conductances
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along the model boundary to match expected gradients in the Wanapum and Grande Ronde
hydrostratigraphic units. Once these gradients were approximated, the reported static heads in
the City wells were checked against those predicted by the model; the observed heads match the
model determined heads within three feet. Because of the lack of a detailed potentiometric
surface map for the aquifer around Cheney, this level of error is regarded as acceptable.
The revised model was also additionally calibrated by comparing measured levels of drawdown
in specific wells with those predicted by the computer simulation. Overall, the model estimates
of drawdown agreed reasonably well with those measured by City staff. However, in City well
no. 3, the model tends to predict lower drawdown than that which has been measured. This
suggests that issues related to well construction, rather than aquifer properties, may be important
in explaining the differences. Indeed, City staff indicate that yields are decreasing in well no. 3,
and that videos show mineralization of fractures in the well bore.
Model Revisions
A groundwater flow model for the Cheney area originally developed by Buchanan (1996) for
purposes of delineating wellhead capture zones has been significantly updated for purposes of
evaluating the potential drawdown and interference for and between City wells. The previous
section of this report explained many of the details of the original groundwater flow model.
In this analysis, layers were redefined based on recent geochemistry data that shows the
Wanapum/Grande Ronde basalt formation contact lies at an elevation of about 2,200 ft MSL in
the Cheney area based on a re-examination of rock core obtained during the drilling of Cheney
well #5 (Stoffel, 2003.) Additional new information about the hydrogeologic parameters was
also incorporated based on an unpublished report by Golder Associates (Stasney, personal
communication, 2003.)
Table 4. Summary of the updated groundwater flow model parameters for each layer
(this study, 2004).
Layer
Hydrostratigraphi Top/bottom Horizontal
Porosity
Vertical
c unit
elevation
hydraulic
(percent)
hydraulic
(ft MSL)
conductivity
conductivity
(ft/day)
(ft/day)
Wanapum
2400/2200
4.6
7
0.005
1
1
2200/1900
8.2
0.005
Grande Ronde
2
25
1900/1750
0.01
0.0001
Latah interbed
3
Grande Ronde
1750/1500
8.2
1
0.005
4
Grande Ronde
1500/1000
8.2
1
0.005
5
Basement
1000/0
0.29
5
0.005
6

Model Application - Pumping Scenarios
This present analysis outlines several basic pumping scenarios that can be tested by the
groundwater flow model that were formulated in consultation with City staff. The goal of this
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exercise is to provide estimates of present and future drawdown based upon population growth
projections and the accompanying demand for water. In addition, as pumping rates increase into
the future, the potential for well interference becomes greater and the model can reveal such
impacts. Several pumping scenarios were proposed, and these include:
Scenario 1 represents the year-long average pumping rates for all wells during
2003;
Scenario 2 simulates the condition should the highest daily pumping rate achieved
during the summer 2003 be the year-long average; and
Scenario 3 considers the future growth of the community and simulates an
average pumping rate predicted for 2026 to be 3,368 gallons per minute
(MacDonald memo, 2004.)
In this simulation, City wells no.1-3 are placed in layer 2 (upper Grande Ronde) of the model,
wells no. 4-5 are in layer 6 (basement), and wells no. 6-7 are completed in layer 4 (lower Grande
Ronde) based on revisions in the understanding of the hydrostratigraphy of the study area.
Additional revisions in the hydrogeologic parameters that define each layer of the revised model
were discussed in a previous section of this report (see Table 1). No university wells are
included in this initial simulation.
Table 3 summarizes the pumping rates distributed across all City wells (by proportions discussed
at the March 2004 meeting with City staff) in gallons per minute (gpm) and in cubic feet per day
(ft3/d.) These values are input to the groundwater flow model for each wellhead under each
scenario. Furthermore, Table 3 includes the estimated drawdown in each of the municipal wells
under each pumping scenario.

Table 3. Simulated pumping scenarios for City of Cheney wells for this study.
GPM = gallons per minute; CFPD = cubic feet per day.
Scenario 1 - 2003 average pumping
rates

Percentage of pumping:

Well 1
0.25

Well 2
0.10

Well 3
0.05

Well 4
0.00

Well 5
0.25

Well 6
0.25

Well 7
0.10

gpm
1083
cfpd
207936
Predicted drawdown (in ft)

271
51,984
30

108
20,794
30

54
10,396
17

0
0
0

271
51,984
120

271
51,984
26

108
20,794
15

Well 2
0.10

Well 3
0.05

Well 4
0.00

Well 5
0.25

Well 6
0.25

Well 7
0.10

Scenario 2 - 2003 summer high rate

Percentage of pumping:

Well 1
0.25

16

gpm
2795
cfpd
536640
Predicted drawdown (in ft)

699
134,160
77

280
53,664
77

140
26,832
45

0
0
0

699
134,160
310

699
134,160
64

280
53,664
39

Scenario 3 - Projected future peak demand in year 2026

Percentage of pumping:
gpm
3368
cfpd
646656
Predicted drawdown (in ft)

Well 1
0.25

Well 2
0.10

Well 3
0.05

Well 4
0.00

Well 5
0.25

Well 6
0.25

Well 7
0.10

842
161,664
93

337
64,666
93

168
32,333
55

0
0
0

842
161,664
360

842
161,664
79

337
64,666
48

Modeling Results
The preliminary modeling shows that, under the scenarios considered, future growth will
certainly require new wellheads located greater distances from the City. Table 3 also lists, under
each pumping scenario modeled, the degree of drawdown at each well (in feet) predicted by the
groundwater flow model. Figures included in the Appendix of this report provides summary
maps showing the distribution of drawdown for the area around the City of Cheney (contours are
in feet.)
Discussion of Scenario 1
Drawdown for Scenario 1 is modest (from 5 to 42 feet in all wells), and the City wells should be
able to sustain these rates of withdrawal for the long-term with manageable interference with one
another and little impact to the regional potentiometric surface. Figures A1 and A2 (found in the
Appendix) graphically show the resultant cones of depression for layer 2 (wells 1-3) and layer 4
(wells 6-7), respectively. Close inspection of the figures shows that indeed City wells no. 1-3 in
fact interfere with one another, as do wells no. 6 and 7.
Discussion of Scenario 2
Drawdown for Scenario 2 is considerably greater for all wells than in Scenario 1, ranging from
39 to 310 feet. The highest drawdown value is predicted for Cheney well no. 5, which is
completed in the basement rock complex with poor hydrogeologic characteristics. Drawdown in
wells 1 and 2 is 77 feet and this large number is due to their very close proximity to one another,
resulting in interference between them.
Figures A3 and A4 (in the Appendix) graphically show the cones of depression for layer 2 and
layer 4, respectively. The radius of influence is greater than that shown in Figures 1 and 2 that
simulate lower pumping rates. Not surprisingly, the interference between wells no.1-3 and wells
no. 6 and 7 is more significant in this pumping scenario as Figures 3 and 4 show.
Discussion of Scenario 3
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Drawdown for Scenario 3 is somewhat comparable for all wells as simulated in Scenario 2,
ranging from 48 to 360 feet. Again, the greatest drawdown value is predicted for Cheney well
no. 5 due to its poor hydrogeologic characteristics. Drawdown in wells 1 and 2 is 93 feet and
again this is due to their interfering with one another.
Figures A5 and A6 (in the Appendix) graphically show the cones of depression for layer 2 and
layer 4, respectively. The radius of influence is slightly greater than that shown in Figures 3 and
4, but the drawdown is greater. Again, examination of the related figures shows significant
interference between wells no. 1-3 and wells no. 6 and 7 in this pumping scenario.
General Discussion
The estimated drawdowns revealed by the simulation show that, as expected, as pump rates
increase the amount of drawdown in each well increases proportionately. There are two factors
that may limit the future simulated increases in pumping rates in the existing City wells: existing
pump/well capacities and available drawdown (allowing for at least 10 feet minimum draft above
the pump inlets.) The well capacity is a measure of the maximum output of water that is dictated
by well construction and the water-bearing formation; pump capacity is a measure of how much
water the pump may output when operating.
The estimated drawdowns under each scenario must be compared to the estimated available
drawdown in each of the City wells as shown in the last row of information shown in Table 4.
Such an examination shows that under Scenarios 1 through 3, groundwater levels during
pumping decline, but there remains a sufficient draft of water in the well bore to insure at least
10 ft of water over the pump inlets. That is, the three simulated drawdown scenarios do not
exceed the present day available drawdown estimates in each of the existing City wells.
However, when comparing the anticipated future pumping rates it is clear that the existing pump
and well capacities are not sufficient to support some of the anticipated large future pumping
demands on specific City wells. It is clear that the modeled rates in Scenario 2 and 3 (699 and
842 gpm respectively) for City well no. 1 (shown in Table 3) exceed the present day well
capacity that is estimated to be 650 gpm (shown in Table 4.) Similarly, the simulated rate of
discharge of City well no.5 under Scenario 3 (842 gpm as shown in Table 3) exceeds the present
day well capacity of 800 gpm as shown in Table 4.
Table 4. Well performance information - City of Cheney wells.
Well 1
Well
capacities
(gpm)
Pump
capacities
(gpm)
Pump depth
settings (ft
below surface)
Static
groundwater
level (ft below

Well 2

Well 3

Well 4

Well 5

Well 6

Well 7

650

625

300

800

1100

675

750

400

300

1000

800

400

429

418

523

692

494

492

305

300

393

236

212

200

18

surface)
Estimated
available
drawdown (ft)

114

108

120

446

272

282

Data source – City staff and various technical reports.
Well Interference Issues
When a high capacity well is pumping, a portion of the aquifer around it is dewatered in a
pattern known as a cone of depression. Wells located within the cone of depression may
experience lower water levels and have problems producing water if water levels are lower than
well pump. This condition is referred to as "well interference". Most well interference problems
tend to be localized and short in duration, but being without water is a major inconvenience and
can cause damage to well pumps. Some problems can be resolved by lowering the pump in the
well or installing a new well pump, but in some situations it may be necessary to construct a new
water supply well.
Interference between municipal wells serving Medical Lake and Airway Heights (personal
communication, John Covert, WADOE) has highlighted the importance of considering this issue
for both the City and University wells that lay in close proximity to one another. City wells no.
1-3 and both University wells are completed in the same hydrostratigraphic unit and at similar
depths, so some degree of well interference can be expected. Several simulations were
performed to assess the magnitude of the problem, and this is detailed in a discussion that
follows.
Impact of EWU Wells
The EWU wells were not specifically simulated in the prior set of modeling scenarios (Scenarios
1-3), but a second set of simulations were performed as variations on Scenario 1 with the City
wells pumping at the annual average rates for 2003. The reader should be aware that there is still
some degree of uncertainty as to how EWU will complete its present well refurbishment project,
and what the typical pumping rates may be in the future.
The amount of drawdown that the EWU wells exert on the City wells ranges from
inconsequential to significant depending upon the pumping scenario. Scenarios 1a and 1b
(results in Table 5 on the following page) simulate both existing average annual University
withdrawals and maximum University pumping rates, respectively, while City wells operate at
2003 annual average rates. Recent data shows that the University pumped an annual average
rate of 272 gpm, while the maximum water right allows 900 gpm. These rates were divided by
two, assuming that both of the University wells would be pumping at equivalent rates, for
purposes of the simulation. This is reflected in the indicated pumping rates for the University
wells in Table 5. Table 6 summarizes the drawdown that is predicted in the City wells under
Scenario 1 while the University wells pump at their modeled rates.
Table 6. Additional drawdown (in feet) in City wells no. 1-3 due to interference by the
operation of the two nearby University wells under scenarios 1a and 1b (see Table 5).
Scenario
City Well 1
City Well 2
City Well 3
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8
8
8
1a
28
28
27
1b
Note: Values of drawdown are in feet. These values should be added to those found in Table 3
for City wells no. 1-3 in order to obtain total drawdown. Total drawdown is shown in Table 5
for these City wells. Graphic output is found in Figures A7 and A8 (in the Appendix) for
Scenarios 1a and 1b, respectively.
Yet another scenario has been simulated, with the City wells pumping at their projected 2023
rates (found in Table 3, Scenario 3) and the University wells pumping at their maximum
allowable rates (450 gpm each). Under this condition the drawdown in City wells no. 1 and 2 is
on the order of 105 feet, and City well no. 3 experiences approximately 70 feet of drawdown.
This scenario suggests that City wells no. 1 and 2, with the existing University wells operating at
their legal maximum capacity, will likely experience problems with cavitation in the future.
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Table 5. Simulation results for both City of Cheney and Eastern Washington University wells under Scenario 1.

Scenario 1a - 2003 average pumping rates with EWU average rates

Percentage of pumping:

Well 1
0.25

Well 2
0.10

Well 3
0.05

Well 4
0.00

Well 5
0.25

Well 6
0.25

Well 7
0.10

EWU 1
0.5

EWU 2
0.5

gpm
1083
cfpd
207,936
Predicted drawdown (in ft)

271
51,984
38

108
20,794
38

54
10,396
25

0
0
0

271
51,984
120

271
51,984
26

108
20,794
15

136
26,226
27

136
26,226
27

Scenario 1b - 2003 average pumping rates with EWU maximum rates

Percentage of pumping:

Well 1
0.25

Well 2
0.10

Well 3
0.05

Well 4
0.00

Well 5
0.25

Well 6
0.25

Well 7
0.10

EWU 1
0.5

EWU 2
0.5

gpm
1083
cfpd
207,936
Predicted drawdown (in ft)

271
51,984
58

108
20,794
58

54
10,396
44

0
0
0

271
51,984
120

271
51,984
26

108
20,794
15

450
86,400
58

450
86,400
58
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Potential for Groundwater Mining
Population growth and rising demand for potable water raises the concern of groundwater
mining, now and into the future, in the Cheney area. It is well documented that, for basalt
aquifer systems elsewhere on the Columbia Plateau, that pumping levels are declining through
time. Rates of water use are greater than rates of aquifer recharge, creating the downward trend
in groundwater levels during the last several decades.
Deobald and Buchanan (1995) showed that in the Medical Lake area of Spokane County,
Washington, groundwater declines have occurred during the last several decades on the order of
one foot per year. Elsewhere, Cline (1984) reports that water levels fell a maximum of about
130 feet in wells tapping the Wanapum Basalt aquifer and about 150 feet in wells tapping both
the Wanapum and Grande Ronde Basalt aquifers from the spring of 1968 to the spring of 1981.
Cline (1984) predicts that water level declines will continue. Olson and Covert (1994) similarly
show declines in monitoring wells on the Lincoln County line near Reardan, Washington.
The Palouse Basin (serving the communities of Moscow, Idaho and Pullman, Washington) relies
entirely on groundwater to meet all of its water supply needs. There are two major aquifers
within the basalt that are being tapped by water wells: wells shallower than 250 feet are
generally in the Wanapum Basalt which generally yields less than 1,500 gallons per minute
(gpm); deeper wells in the Grande Ronde Basalt aquifer are capable of yielding upwards of
3,000 gpm.
Previous studies have indicated that annual pumping withdrawals in the Palouse Basin by the
four major entities is substantially less than rates of flow through the basin (for example, in the
form of precipitation). However, groundwater level data collected in the pumping centers of
Pullman, Moscow, and Palouse indicate that water levels in the Grande Ronde aquifer are
declining at a rate of 1.5 feet per year, in continuation of a 100-year trend. The approach
adopted to confront this serious problem is one of coordinated management of the groundwater
withdrawals between all communities in the basin (web link to on-line information:
http://www.webs.uidaho.edu/pbac/).
The important basalt aquifer system serving the Cheney area is bound to the northeast by
physical barriers in the form of basement rocks that truncate the basaltic lava flows. Hence there
are some significant limitations as to the recharge of the system at the up-gradient end. In
addition, the City of Cheney is a growing community placing increasing demands on the
groundwater resource. Consequently, groundwater mining is very likely to be occurring at the
present time, and accelerate into the future. Historical records of static water levels in the
City/University wells would indicate such a trend, and reasonable estimates of water use versus
groundwater flow rates can also be quantified.
A simple application of Darcy’s equation to estimate groundwater flow in the Wanapum and
Grande Ronde hydrostratigraphic units suggests that the annual flow of groundwater passing
beneath the City is approximately 64,000,000 ft3/year (about 482,000,000 gallons per year or
482 million gallons/year (mgpy)) by conservative estimates. For comparison, in 2001, the City
pumped about 517 mgpy, in 2002 about 525 mgpy was pumped, and in 2003 about 569 mgpy
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was pumped, which exceeds the natural groundwater flow rate by 18 percent. Total water use in
2004 by the City is likely to be less than the 2003 annual total according to City staff.
Regardless, it is clear that the last three years of pumping has exceeded the natural recharge rate
of the aquifer system, and groundwater mining is certainly occurring.
City staff project rising water demand through 2026, which exceeds the annual groundwater flux
described above, indeed creating a scenario for continued and accelerating groundwater mining
(demand exceeding supply.) Figure 4 shows two important trends, based on projections of
growth and rising water demand made by City staff. First, the amount by which the annual
pumping exceeds the natural groundwater flow rate is graphed as the “annual recharge
exceedence” and it shows a rising trend through the next two decades. Second, the cumulative
decline in head indicates the amount that the pumping levels may drop over the same interval of
time, suggesting a minimum of 11 feet of groundwater decline just due to groundwater mining.

Projected GW decline in the Cheney area
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Figure 4. Projected trends in groundwater mining in the Cheney area based on quantitative
analysis of the natural groundwater flow rate versus projected pumping rates for City wells.
Figure 4 shows a minimum estimate of groundwater mining, and it may be as much as an order
of magnitude too low, especially considering the recent several years of actual pumping has
already exceeded the anticipated demand expected by City staff. In addition, the two University
wells are not included in this analysis, and their additive effect would be such that greater
declines in head would be expected.
Also superimposed on Figure 4 is a solid line labeled “with reuse.” This line indicates the
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predicted groundwater decline if 1.0 mgd of treated wastewater is reused for summer irrigation,
for the months of June through September. Note its trend through time is in decline, but at a rate
approximately half that of the predicted groundwater mining without reuse. One can conclude
that there will be a significant reduction in groundwater mining in the aquifers beneath Cheney if
this water reuse strategy is adopted.
To test this analysis that predicts groundwater mining around Cheney, inspection of static water
levels for City wells measured during the last several decades presents a compelling case for
early groundwater mining in the Cheney area. The data are complicated in that 1) it is
temporally incomplete, 2) it may contain significant measurement error, 3) true static water
levels may not be measured due to interference by other nearby pumping wells. Nevertheless, a
downward trend is manifest in the data set and it is displayed in Figure 5.
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Figure 5. Historic data showing decline in groundwater levels in the Cheney area from 1960 to 2000.

Figure 5 clearly shows that the existing historical data for the City wells proves that some
decline has already started. The outlier points in the graph may be due to typographic errors or
measurement errors contained in the sporadic records kept by the City. It is highly
recommended that the City keep good records on static water levels for all of its wells,
preferably measured on a quarterly basis, to closely track this trend.
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Summary and Conclusions
A significantly revised groundwater flow model has been used for the primary purpose of
assessing the impact to the groundwater system under future growth scenarios for the City of
Cheney. Based on new information, the physical parameters that describe aquifer properties, as
well as better discretization of the model domain, have been made to better simulate the
groundwater system in the Cheney area. The model simulates various pumping scenarios
ranging from the 2003 average annual withdrawals to values projected to be found in 2026.
In principle, increased rates of groundwater withdrawal will typically result in increased
drawdown and an expanding cone of depression around a large municipal well. Well
interference and groundwater mining will become important issues in the years ahead, both for
the City and for Eastern Washington University. It is important to recognize that the local
community utilizes groundwater as a sole-source of water, and it is finite in its abundance due to
the confined nature of the dominant aquifers.
The simulation results from Scenario 1 are very probably reflective of the present day state of the
aquifer system around Cheney under annual average pumping conditions (for 2003). The greater
pumping rates simulated in Scenarios 2 and 3 are probably not sustainable long-term without
increasing the number of pumping centers and distributing them more widely around the City in
order to minimize interference. Moreover, it is doubtful that the existing City wells could
efficiently pump at the high discharge rates used in these two simulations, due more to the
physical properties of the wells (well capacity) and the pumps (pump capacity) as shown in
Table 4 and not due to any limiting factor in the aquifer system. Some future refurbishment of
existing wells is almost a certainty in order to maintain or increase their existing capacities.
The higher groundwater withdrawal rates modeled in Scenario 2 as an annual average are
realistically limited to only a couple of months a year at present time, during the summer
irrigation season only. However, that scenario is instructive because in the coming years the
summertime pumping rates will likely occur throughout the non-peak months as the demand for
water grows.
At present, the simulation results show that drawdown in the City wells ranges from 15 to 120
feet (Scenario 1 – 2003 annual average withdrawals). However, by the year 2026 (Scenario 3),
the simulated drawdowns will range 48 to 360 feet and impact on some wells’ ability to pump
efficiently. As the City population increases toward the year 2026 (Scenario 3) it would be
expected that several more wells would be on line and part of the water distribution system by
that time, reducing the pumping demands on the existing water infrastructure. Potential new
well sites are being examined south and east of the City (Buchanan, 2005), and additional good
sites are almost certainly available to the west of town. Wide spacing of future well sites will
minimize interference and lessen the potential impact of groundwater mining.
Existing historical data show that groundwater mining is already occurring in the aquifer system
beneath the City of Cheney, and quantitative analysis suggests that the rate of water level decline
will increase as pumping demand grows. Limited records for City wells no. 1-3 suggest that
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about 20 feet of water level decline has occurred in the last 40 years (Figure 5). A simple water
budget calculation further demonstrates that the groundwater withdrawals by City wells already
exceed the natural groundwater flow rate beneath the City. This analysis suggests that
approximately 11 feet of additional water level decline may occur in the next 20 years.
However, if the City is able to reclaim and reuse 1.0 mgd of treated wastewater during the
summer (June through September, inclusive) the groundwater mining trend is reduced by about
40 percent. That is, approximately 7 feet of head decline is predicted over the next 20 years
thereby slowing the groundwater mining trend.
Well interference does occur between City wells, and between City and University wells,
particularly in the area of City wells no. 1-3. All of these wells are developed at similar depths,
and in the same hydrostratigraphic unit. The added impact due to interference to the City wells
by the two nearby University wells is 8 to 28 feet of additional drawdown depending on the
pumping scenario (Table 6).
In this study, the estimated drawdowns under each scenario were compared to the estimated
available drawdown in each of the City wells as shown in the last row of information shown in
Table 4. Such an examination shows that under Scenarios 1 through 3, groundwater levels
during pumping decline, but there remains a sufficient draft of water in the well bore to insure at
least 10 ft of water over the pump inlets. That is, the three simulated drawdown scenarios do not
exceed the present day available drawdown estimates in each of the existing City wells.
However, when comparing the anticipated future pumping rates it is clear that the existing pump
and well capacities are not sufficient to support some of the anticipated large future pumping
demands on specific City wells. It is clear that the modeled rates in Scenario 2 and 3 (699 and
842 gpm respectively) for City well no. 1 (shown in Table 3) exceed the present day well
capacity that is estimated to be 650 gpm (shown in Table 4.) Similarly, the simulated rate of
discharge of City well no.5 under Scenario 3 (842 gpm as shown in Table 3) exceeds the present
day well capacity of 800 gpm as shown in Table 4.
When interference by the University wells is factored into the analysis, and with the City wells
pumping at their projected 2026 rates (found in Table 3, Scenario 3) the drawdown in City wells
no. 1-3 is further increased. When both of the University wells pump at their maximum
allowable rates (450 gpm each) the drawdown in City wells no. 1 and 2 is on the order of 105
feet, and City well no. 3 experiences approximately 70 feet of drawdown. This scenario suggests
that City wells no. 1 and 2, with the existing University wells operating at their legal maximum
capacity, will experience problems with cavitation by this time in the future.
However, by adding a new municipal well these large drawdowns can be reduced. Scenario 4
(Appendix B) incorporates a simulation of the six existing City wells plus well no. 4 (refurbished
and pumping at 300 gpm) and new well no. 8 (proposed site near the Waste Water Treatment
Plant and pumping at 700 gpm. Modeled drawdown for Scenario 4 is less for all wells than in
Scenario 2, ranging from 19 to 63 feet, even though the total discharge from all wells is higher.
This is largely due to lower individual well pumping rates and an increased capture zone for
groundwater with the addition of a new well, thereby reducing the overall drawdown
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experienced throughout the aquifer serving all of Cheney’s municipal wells.
Several recommendations can be advanced at this time, including 1) frequent measurements of
the static groundwater level in each of the City and University wells to continually assess the
state of the aquifer, 2) implementing the water reuse project so as to conserve water and reduce
groundwater mining, 3) adopting a coordinated approach to managing water withdrawals
between the City and University (such as that in effect in the Pullman-Moscow area), and 4)
refurbishing aging wells and considering new sites for future municipal wells.
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APPENDICES

Appendix A: Figures A1-A8 -- Graphic output from
groundwater simulations for modeling scenarios 1 - 3

Appendix B: Scenario 4 addendum
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Figure A1. Scenario 1 Layer 2 drawdown (units are in feet).

Figure A2. Scenario 1 Layer 4 drawdown (units are in feet).
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Figure A3. Scenario 2 Layer 2 drawdown (units are in feet).

Figure A4. Scenario 2 Layer 4 drawdown (units are in feet).
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Figure A5. Scenario 3 Layer 2 drawdown (units are in feet).

Figure A6. Scenario 3 Layer 4 drawdown (units are in feet).
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Figure A7. Drawdown as a result of Scenario 1a (contours in feet).

Figure A8. Drawdown as a result of Scenario 1b (contours in feet).
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Appendix B – May 2007 report addendum
Final review of this project report has resulted in City staff requesting an additional modeling
scenario per written communication dated 20 April 2007 (MacDonald memo.) This Appendix B
summarizes the additional work performed for this project by simulating a fourth scenario
discussed below.

Scenario 4 - Simulation of six existing City wells operating plus well no. 4 (refurbished and
pumping at 300 gpm) and new well no. 8 (proposed site near the Waste Water Treatment Plant
and pumping at 700 gpm (see location map in Figure 2.)) University wells are not incorporated
in this scenario. Table B1 shows the pumping rates of the City wells and includes the predicted
drawdown in each under this scenario. Model output is shown in Figures B1 and B2.

Table B1. Simulated pumping scenarios 2 and 4 for City of Cheney wells.
GPM = gallons per minute; CFPD = cubic feet per day.
Scenario 2 - 2003 summer high rate
Well 1
Percentage of pumping:
gpm
2795
cfpd
536640
Predicted drawdown (in ft)

Well 2

Well 3

Well 4

Well 5

Well 6

Well 7

0.25

0.10

0.05

0.00

0.25

0.25

0.10

699
134,160
77

280
53,664
77

140
26,832
45

0
0
0

699
134,160
310

699
134,160
64

280
53,664
39

Scenario 4 - Projected future summer high rate including wells 4 and 8
Well 1
Percentage of pumping:
gpm
3797
cfpd
729024
Predicted drawdown (in ft)

Well 2

Well 3

Well 4

Well 5

Well 6

Well 7

Well 8

0.18

0.07

0.04

0.08

0.18

0.18

0.07

0.18

699
98,792
63

280
39,573
63

140
19,787
34

300
42,400
19

699
98,792
231

699
98,792
50

280
39,573
30

700
98,933
57

The drawdown that results from adding a new large capacity municipal well to the City’s water
service infrastructure results in decreased drawdown in the existing wells as Table B1 indicates,
due to the increased distribution of pumping stress on the basalt aquifers.
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Discussion of Scenario 4
Drawdown for Scenario 4 is less for all wells than in Scenario 2, ranging from 19 to 63 feet, even
though the total discharge from all wells is higher. This is largely due to lower individual well
pumping rates and an increased capture zone for groundwater with the addition of a new well,
thereby reducing the overall drawdown experienced throughout the aquifer serving all of
Cheney’s municipal wells. Inspection of Figures B1 and B2 graphically show the cones of
depression for layer 2 and layer 4, respectively. Note that the cone of depression of the new well
no. 8 is seen in Figure B2.

Figure B1. Scenario 4 Layer 2 drawdown (contours in feet.)

34

Figure B2. Scenario 4 Layer 4 drawdown (contours in feet.)
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Limitations
This geologic and hydrogeologic analysis and evaluation has been performed utilizing
best available science within the scope and budget provided for this project. Much of the
analysis contained herein is based on information gleaned from drillers’ logs and the
available technical literature for the study area. There is no warranty, either expressed or
implied, regarding the recommendations and conclusions contained within this technical
document. Output from groundwater flow simulations are estimates only. Actual
conditions encountered in the subsurface during future investigations may be different
from what is described or predicted. Sites for water wells and their target depths are not
guaranteed to meet yield and/or water quality expectations as specified by the client.
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