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EXECUTIVE SUMMARY 

This report presents results of our hydrogeologic analyses related to the development of an alternative 
groundwater supply for the City of Airway Heights (City) in Spokane County, Washington. The City operates 
a municipal water supply system (Water System ID No. 006502) sourced by a series of water supply wells 
located within the West Plains portion of Spokane County. Per- and polyfluoroalkyl substances (PFAS) 
contamination has been observed in City wells. Because of the difficulty in sustainably operating a 
municipal water system within the West Plains, the City is interested in developing a groundwater source 
that targets a more sustainable aquifer situated outside of the West Plains. The results of the assessment 
summarized herein are intended to assist in evaluating the feasibility of developing an alternative City 
groundwater supply within the Spokane Valley/Rathdrum Prairie (SVRP) Aquifer.  

Using groundwater path line analysis from existing City well locations, GeoEngineers delineated an 
Alternative Groundwater Supply Study Area that is downgradient of locations where pumping of existing City 
wells impacts SVRP Aquifer recharge. The Alternative Groundwater Supply Study Areas consists of part or 
all of Sections 17, 18, 20, 21 and 28 of Township 26 North, Range 42 East. 

Based on the data and analyses presented in this report, development of a new City groundwater supply 
within the SVRP Aquifer in the Alternative Groundwater Supply Study Area appears feasible. This conclusion 
is based on the following: 

■ Water Well Reports associated with existing wells completed in the SVRP Aquifer within the Alternative 
Groundwater Supply Study Area indicate the presence of permeable sand and gravel deposits that 
potentially could support the development of a municipal groundwater supply.  

■ Because pumping of existing City production wells reduces West Plains aquifer system discharge to the 
SVRP Aquifer, transfer of City water rights to the Alternative Groundwater Supply Study Area should 
ultimately be water budget neutral with respect to the SVRP Aquifer.  

■ Transport pathways for each of the hydrogeologic units targeted by existing City wells are at or 
upgradient of the Alternative Groundwater Supply Study Area. Therefore, operation of one or more new 
groundwater supply wells in the Alternative Groundwater Supply Area should not impact the SVRP 
Aquifer (or Spokane River) upgradient of the zone of impact associated with existing City wells.  

Impact to SVRP Aquifer recharge from historic pumping of existing City production wells persists years to 
decades after cessation of pumping. Therefore, the cumulative impact of historic and proposed City 
pumping on the SVRP Aquifer water budget could exceed the City’s water right allocation if this is not 
accounted for in the City’s operational plans. Using a simplified methodology based on historic groundwater 
usage and groundwater travel times, an adjusted Qa is proposed in this report that incrementally increases 
maximum annual pumping volumes from 1,205.4 acre-feet in 2021 to 2,328 acre-feet in 2029. Use of a 
travel-time-based methodology is more conservative (generally results in a longer period of residual impact) 
than analytical or numerical methodologies that are based on recovery of a groundwater flow field following 
cessation of well pumping. 

This summary is provided for general informational purposes and should not be solely relied upon. 
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1.0 INTRODUCTION AND BACKGROUND 

This report presents results of our hydrogeologic analyses related to the development of an alternative 
groundwater supply for the City of Airway Heights (City) in Spokane County, Washington. The City operates 
a municipal water supply system (Water System ID No. 006502) sourced by a series of water supply wells 
(herein designated existing City wells) located within the West Plains portion of Spokane County. The West 
Plains is an elevated plateau situated west of the Spokane River valley that is underlain by a relatively 
complex aquifer system consisting of Columbia River Basalt Group (CRBG) and paleochannel (sand and 
gravel) aquifers. Per- and polyfluoroalkyl substances (PFAS) contamination has been observed in City wells. 

Because of the difficulty in sustainably operating a municipal water system within the West Plains, the City 
is interested in developing a groundwater source that targets a more sustainable aquifer situated outside 
of the West Plains. The results of the assessment summarized herein are intended to assist in evaluating 
the feasibility of developing an alternative City groundwater supply within the Spokane Valley/Rathdrum 
Prairie (SVRP) Aquifer. The location of the City with respect to the western portion of the SVRP Aquifer is 
presented in the Vicinity Map, Figure 1.  

In a March 11, 2020 meeting with the Washington State Department of Ecology (Ecology), Ecology 
personnel indicated that transfer of City rights to the SVRP Aquifer could potentially achieve regulatory 
approval. However, the City is required to estimate where pumping of the City’s existing wells diminish SVRP 
Aquifer recharge and to locate new City wells within the SVRP Aquifer at or down-gradient of these recharge 
locations. Also, the City is required to develop an operational scenario for new City wells that accounts for 
the lag in time between existing (West Plains) well shutdown and the cessation of impact from those wells 
to the SVRP Aquifer. Ecology requested that the cessation of impact analyses be based on simplified 
groundwater travel time calculations (as described in this report). Use of a travel-time-based methodology 
is more conservative (generally results in a longer period of residual impact) than analytical or numerical 
methodologies that are based on recovery of a groundwater flow field to cessation of well pumping. 

2.0 SCOPE OF SERVICES 

Our hydrogeologic services were conducted in accordance with our proposal dated March 13, 2020. Written 
authorization for our services was provided on April 29, 2020. The primary purpose of our assessment was 
to evaluate the timing and magnitude of the impact of existing City well pumping on SVRP Aquifer recharge 
as a basis for developing an operational scenario for developing an alternative City groundwater supply.    

Our specific scope of services consisted of the following: 

Aquifer and Water Right Mapping for Existing Wells 

1. Reviewed well logs associated with existing City water supply wells and the City’s water right portfolio.  

2. Identified the aquifer(s) that the existing wells are completed in and the aquifers that individual water 
rights pertain to.  

3. Mapped existing City water supply well locations and water right points of withdrawal.  



 

  March 1, 2021 | Page 2 
 File No. 6615-011-00 

Alternative Groundwater Supply Study Area 

1. Reviewed readily-available information in the literature to identify previously identified or suspected 
discharge areas for the basalt aquifer system and the Airway Heights Paleochannel aquifer.  

2. Updated hydrostratigraphic interpretations from our previously compiled conceptual hydrogeologic 
model (GSI Water Solutions, et al. 2015) that are pertinent to the groundwater transport and travel 
time analyses associated with this study.  

3. Constructed three conceptual-level cross sections showing groundwater pathways between West 
Plains aquifers and the SVRP Aquifer.  

4. Based on the anticipated transport pathways, identified an Alternative Groundwater Supply Study Area.  

5. Compiled and reviewed water well reports on file with Ecology for the Alternative Groundwater Supply 
Study Area.  

6. Conducted a hydrogeologic reconnaissance of the identified discharge areas and Alternative 
Groundwater Supply Study Area. 

7. Mapped existing water well locations within the Alternative Groundwater Supply Study Area.  

8. Identified six existing wells that, if sampled by the City for groundwater quality parameters, could inform 
the City regarding groundwater quality conditions within the SVRP Aquifer in the Alternative 
Groundwater Supply Study Area.  

Hypothetical Streamflow Depletion 

1. Conducted hydrogeologic analyses to estimate the streamflow depletion impact to the Spokane River 
that could result from operation of a hypothetical well-constructed within the Alternative Groundwater 
Supply Study Area. 

Groundwater Travel Timed and Operational Scenario 

1. Based on the hydrogeologic information compiled above, preliminarily delineated the anticipated 
transport pathways for groundwater originating at existing City water supply well locations.  

2. Mapped existing City water supply locations, the western portion of the SVRP Aquifer, the Spokane 
River, and the anticipated groundwater transport pathways delineated above. 

3. Preliminarily estimated travel times from existing water supply locations to discharge locations 
associated with the SVRP Aquifer.  

4. Developed an operational scenario for new City well(s) within the SVRP Aquifer that would mitigate for 
the lag in time between existing City well shutdown and cessation of existing City well impact on SVRP 
Aquifer recharge.  

5. Developed conclusions regarding the feasibility of developing a new City groundwater source within the 
Alternative Groundwater Supply Area.  
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3.0 REVIEW OF EXISTING INFORMATION 

3.1. Sources 

This report uses existing data and information to make interpretations about groundwater travel pathways 
and inter-aquifer groundwater exchange. The data and information used to develop these interpretations 
were obtained from existing databases and reports, such as those listed below. 

3.2. Area Reports, Maps and Datasets 

GeoEngineers reviewed the following existing information pertinent to West Plains hydrogeology.  

■ Geologic maps of the Airway Heights area by Griggs (1966), Joseph (1990), Derkey et al. (2003; 2004), 
and Derkey and Hamilton (2007; 2008), as well as Washington Department of Natural Resources 
interactive online geologic mapping.  

■ A report by Budinger & Associates, Inc. (2001) entitled Results of Seismic Refraction Survey, Paleo-
Channel Investigation, Airway Heights, WA.  

■ A report by CH2M Hill (2003) entitled Craig Road Landfill, Fairchild Air force Base, 2001 Fourth Quarter 
and Annual Report, Optimization, Operations, and Maintenance.  

■ A report by Deobald and Buchanan (1995) entitled Hydrogeology of the West Plains Area of Spokane 
County, Washington.  

■ A report by GeoEngineers, Inc. (2007a) entitled Revision 2, Hydrogeologic Evaluation, Proposed Water 
Reclamation Plant, City of Airway Heights, Airway Heights, Washington.  

■ A report by GeoEngineers, Inc. (2007b), Supplemental Hydrogeologic Exploration, Proposed Water 
Reclamation Plant, City of Airway Heights, Airway Heights, Washington.  

■ A report by GeoEngineers, Inc. (2010) entitled Hydrogeologic System Description to Conform to WAC 
173-157-120, Water Reclamation Plant, City of Airway Heights, Washington. 

■ A report by GeoEngineers, Inc. (2014) entitled Groundwater Monitoring Program Evaluation, Water 
Reclamation Plant, City of Airway Heights, Washington. 

■ A report by GeoEngineers, Inc. (2015) entitled Report, Phase 2 Hydrogeologic Investigation, Water 
Reclamation Plant, Airway Heights, Washington. 

■ A technical memorandum by GeoEngineers, Inc. (2017) entitled Data Review – City of Airway Heights 
Recovery Well and Nearby Wells.  

■ A report by GSI Water Solutions, Inc. and GeoEngineers, Inc. (GSI et al. 2015) entitled Hydrogeologic 
Framework and Conceptual Groundwater Flow Model, Review of Groundwater Conditions in the West 
Plains Area, Spokane County, Washington. 

■ A technical memorandum by McCollum and Hamilton (2012) entitled West Plains Delineation of Aquifer 
Zones Within the Basalt Formations Project, WRIA 54 – Lower Spokane.  

■ A technical memorandum by McCollum and Pritchard (2012) entitled WRIA 54 delimiting geologic 
structures affecting water movement and flow direction of the CRBG West Plains aquifer.  

■ A report by Northwest Land and Water, Inc. (2012) entitled West Plains (WIRA 54) & Lower Hangman 
Creek Watershed (WIRA 56) Hydrogeologic Characterization & Monitoring Well Drilling Final Report. 
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■ A report by Northwest Land and Water, Inc. (2014) entitled Results for West Plains and Lower Hangman 
Creek sampling and analysis of groundwater samples to supplement the previous WRIA 54/56 
hydrogeologic investigations. 

■ A report by Pritchard (2013) entitled Subsurface projection of the stratigraphy of the Columbia River 
Basalt Group and paleodrainages in the West Plains area.  

■ A report by Pritchard, C.J. et al. (2020) entitled Role of Quaternary glacial-outburst megaflood 
paleochannel deposits in a basalt-dominated aquifer system in the West Plains area of eastern 
Washington, USA. 

■ A report by Science Applications International Corporation (1992) entitled Installation Restoration 
Program (IRP), Remedial Investigation Report, Craig Road Landfill, Fairchild AFB, Washington. 

■ A database file by Spokane County Water Resources et al. (2011) entitled West Plains Hydrogeologic 
Database.  

■ A report by Spokane County Water Resources and Ecology (2013a) entitled West Plains Hydrogeology, 
Deep Creek and Coulee Creek Groundwater/Surface Water Interaction. 

■ A report by Spokane County Water Resources and Ecology (2013b) entitled West Plains Hydrogeology, 
West Plains Groundwater Elevation Monitoring and Mapping.  

■ A report by Spokane County Water Resources and Ecology (2013c) entitled West Plains Hydrogeology, 
Groundwater Recharge Estimate.  

3.3. City Production Wells and Water Rights 

GeoEngineers reviewed the following information regarding City production wells and water rights: 

■ The Washington State Department of Health’s (DOH’s) Sentry database for Source Information related 
to the City water system. 

■ Ecology’s Washington State Well Report Viewer database for Water Well Reports associated with City 
production wells.  

■ Ecology’s Water Resources Explorer database for water right information related to the City water 
system. 

4.0 PHYSIOGRAPHY, CLIMATE AND SURFACE WATER 

4.1. Physiography 

Airway Heights is located within the West Plains, an elevated plateau west of the City of Spokane and within 
the northeast part of the Columbia Plateau physiographic province. The topography of the Airway Heights 
area, commonly referred to as “channeled scablands,” developed during the Pleistocene Epoch (about 
1.5 million to 10,000 years ago). During the latter part of this time period, a sequence of catastrophic flood 
events, generated by the failure of ice dams in western Montana and northern Idaho, stripped away much 
of the overlying sediments in the Airway Heights area, leaving erosional features in the underlying basalt 
surface (Whiteman et al. 1994). The area contains numerous small lakes with little or no natural surface 
drainage systems. Deeply incised canyons occupied by Coulee Creek and Deep Creek originate north and 
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east of the City and trend northeast until merging with the Spokane River valley. These canyons are up to 
several hundred feet deep.  

Ground surface ranges from about 2,200 feet in elevation in the lowlands to more than 2,400 feet in 
elevation atop adjacent hills or steptoes. (Elevations in this report refer to the North American Vertical 
Datum [NAVD] of 1988). Adjacent to the West Plains, the Spokane River valley ranges from about 1,600 to 
1,700 feet in elevation. 

Vegetation within the West Plains is characterized by semi-arid shrub steppe grasslands, sparse mixed 
conifer forest and shrub steppe, barren rock surfaces, actively farmed ground, and urban and semi-urban 
uses (GSI et al. 2015). The developed areas associated with the City of Medical Lake, City of Airway Heights, 
Fairchild Airforce Base (FAFB), and Spokane International Airport contain abundant impermeable surfaces 
and stormwater collection infrastructure is common. 

4.2. Climate 

Precipitation within the West Plains ranges from less than 10 inches per year to more than 22 inches per 
year, averaging approximately 16.9 inches per year (Spokane County Water Resources and Ecology, 
2013c). Much of the precipitation occurs during the fall and winter months of November through March. 
As a result, much of this precipitation occurs as snow. Fall and winter rainfall, when it occurs, frequently 
falls on frozen ground or snow resulting in rapid runoff and minimal infiltration. Spokane County Water 
Resources and Ecology (2013c) estimates that approximately 85 percent of West Plains area precipitation 
is lost to evaporation, evapotranspiration and runoff. As a result, little precipitation infiltrates and recharges 
groundwater (GSI et al. 2015).  

4.3. Surface Water 

Surface water in the area surrounding the City generally occurs as: (1) east- and northeast-flowing streams 
that discharge to the Spokane River valley; and (2) dispersed ponds and wetlands without laterally 
continuous drainage systems. Deep Creek and Coulee Creek are intermittent streams that originate north 
and east of the City and flow northeast until discharging to the Spokane River valley. Spokane County Water 
Resources and Ecology (2013a) report flow ranges in these creeks from zero to 8.9 cubic feet per second 
(cfs), depending on the reach. Late summer flows in Deep and Coulee creeks range from zero to 2.15 cfs 
(Spokane County Water Resources and Ecology 2013a). Surface flow from the West Plains rarely reaches 
the Spokane River valley during summer months (GSI et al. 2015). 

5.0 GEOLOGIC FRAMEWORK 

Surficial geologic conditions in the area surrounding existing City wells are presented in the Surficial 
Geologic Map, Figure 2. Geologic units can be divided into, in order of decreasing age: basement rocks; the 
CRBG and intercalated sediments; and Quaternary-age (less than about 2.6 million years in age [MA]) 
sediments. 

5.1. Basement Rocks 

Basement rocks in the West Plains generally consist of metasedimentary rocks of the Precambrian (greater 
than about 570 MA) Belt Supergroup. These rocks were intruded by granitic plutonic rocks during the 
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Mesozoic (245 to 65 MA) and Tertiary (65 to 1.5 MA) (Stoffel et al. 1991). These rocks outcrop within the 
steptoes and some of the deeper canyons within and surrounding the West Plains. 

GSI et al. (2015) used borehole geologic information and driller’s well log descriptions to delineate a 
number of northeast-trending basement highs (ridges of basement rock that were buried by younger 
lithologic units) beneath the West Plains. Because of the low permeability of basement rocks, these ridges 
form important boundaries to the groundwater flow system in younger lithologies. As shown in Figure 9 of 
GSI et al. (2015), the City generally is bounded by two of these structures. The Medical Lake-Airway Heights 
Ridge originates near the City of Medical Lake and trends northeast beneath FAFB and beneath the 
northwest portion of the City of Airway Heights. The Needham Hills Ridge originates southeast of the City of 
Four Lakes and trends northeast toward the intersection of Interstate 90 and State Route 2.  

5.2. Columbia River Basalt Group 

Basement rocks are stratigraphically overlain by basalt flows associated with the CRBG. The CRBG is a thick 
sequence of continental basalt flows that was deposited during an extended period of Miocene (23 to 5 MA) 
volcanism. The lava flowed from north-northwest trending fissures as much as 90 miles long which were 
located primarily in northeastern Oregon and southeast Washington (Hooper 1982). The resulting basalt 
deposits are hundreds to thousands of feet thick and extend throughout the Columbia Plateau. Within the 
Columbia Plateau, the CRBG has been subdivided into four formations that include, from oldest to 
youngest, the Imnaha Basalt, Grande Ronde Basalt, Wanapum Basalt and Saddle Mountains Basalt. Two of 
these formations, the Grande Ronde and Wanapum, have been identified within the Airway Heights area 
(Kahle et al. 2011). These formations have been further subdivided into members based on unique 
physical, geochemical and paleomagnetic characteristics. 

The Grande Ronde Basalt Formation underlies the entire area except where the elevations of pre-Miocene 
basement rocks were higher than the top of the formation; generally, this occurred at steptoes and 
basement ridges. The Grande Ronde Basalt is exposed within deeply incised drainageways, such as Deep 
Creek and Coulee Creek (Stoffel et al. 1991). The Wanapum Basalt Formation comprises about 6 percent 
of the total volume of the CRBG (Tolan et al. 1989, Whiteman et al. 1994). It occurs throughout the area 
except where it pinches out at steptoes or has been removed by erosion within drainages. Surface 
exposures are abundant (Stoffel et al. 1991). Unpublished research conducted by Ecology in conjunction 
with Dr. John Buchanan of the Eastern Washington University Department of Geology has identified the 
contact between the Wanapum and Grande Ronde Basalts at about Elevation 2,200 in western Spokane 
County. This correlates to an approximate Wanapum Basalt Formation thickness of about 175 to 200 feet 
at existing City well locations completed within the CRBG.  

Vertical exposures of CRBG flows generally demonstrate a three-part internal arrangement of intraflow 
structures. These structures originated either during the emplacement of the flow or during lava cooling 
and solidification and include the flow top, flow interior and flow bottom. Flow tops generally consist of 
glassy to fine-grained vesicular basalt that is, in places, rubbly or brecciated. Flow interiors are dense, 
non-vesicular, glassy to crystalline basalt with abundant cooling joints that frequently manifest as columnar 
structures. Physical characteristics of flow bottoms vary. Flow bottoms can be thin, vesicular and glassy if 
the flow was extruded onto land. Alternatively, if the flow was extruded into water, pillow complexes 
predominate (GSI et al. 2015). Mapping by McCollum and Hamilton (2012) indicate that pillow complexes 
are common within the West Plains. 
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Numerous sedimentary interbeds exist between specific basalt units within the CRBG. Within the West 
Plains and surrounding area, sedimentary interbeds within the CRBG are collectively referred to as the 
Latah Formation. Near the City, Latah Formation sediments are primarily alluvial in origin and are variably 
composed of clay, silt, sand and gravel. Latah Formation interbeds are generally thicker and more 
frequently encountered near contacts with pre-Miocene basement rocks and are abundant within the CRBG 
stratigraphic section near the City.  

5.3. Quaternary Sediments 

The CRBG is overlain by Pleistocene-age glaciofluvial (flood) deposits that consist of unsorted mixtures of 
silt, sand, gravel, cobbles and boulders. These flood deposits are frequently interbedded with 
glaciolacustrine sediments that were deposited in low-energy depositional environments between flood 
events. The top of the CRBG surface is incised and undulatory, creating a relatively complex distribution in 
overlying sediment thickness. Geologic investigations within the West Plains area (Deobald and Buchanan 
1995; Budinger and Associates 2001; Derkey and Hamilton 2008; Pritchard 2013; and Pritchard et al. 
2020) have delineated a total of five primary paleochannels, commonly designated the Airway Heights 
Paleochannel, Airport Paleochannel, the East Deep Creek Paleochannel, the West Deep Creek 
Paleochannel and the Marshall Paleochannel. These paleochannels are up to 400 feet in depth and 
interpreted to represent past drainage features, or paleochannels, that were filled primarily by permeable 
flood deposits during the Pleistocene. The roughly north-south trending Airway Heights Paleochannel 
underlies much of the City, approximately as shown in the Paleochannel Boundary Map, Figure 3.  

Younger Quaternary sediments overly Pleistocene sediments and, in some areas, directly overly the CRBG. 
These sediments include loess (wind-blown clay, silt and fine sand), alluvium (stratified silt, sand, gravel, 
with minor clay deposited by modern rivers and streams), and landslide deposits (unsorted rock debris and 
sediment generally occurring adjacent to CRBG slopes).   

6.0 HYDROGEOLOGIC FRAMEWORK 

6.1. Aquifer Systems 

The Airway Heights area generally is underlain by three aquifer systems. These aquifers occur within: 
(1) basement rocks; (2) the CRBG; and (3) paleochannel sediments. City municipal wells are completed 
within aquifers hosted within both paleochannel sediments and the CRBG.  

6.2. Basement Rock Aquifers 

Groundwater occurs in basement rocks in fractured and/or weathered zones. Porosity and permeability are 
generally low within these units. The yield of water wells penetrating into the basement rock aquifer system 
generally is low, typically on the order of several gallons per minute or less. Recharge to the basement rock 
aquifer system primarily occurs from infiltration of precipitation within steptoes and other areas of exposed 
basement rock and, where hydraulic conditions allow, through leakage from the overlying Grande Ronde 
Basalt. Discharge occurs as leakage to adjacent geologic units, along gaining reaches of streams and to 
(primarily residential) water wells.   
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6.3. CRBG Aquifers 

6.3.1. General Characteristics 

The CRBG consists of a series of individual basalt flows. Groundwater is primarily transmitted through the 
fractured and vesicular interflow zones that characterize the top of each flow. The interflow zones are 
separated by the less porous and less transmissive entablature and colonnade, which comprise 90 to 
95 percent of the total flow volume (Whiteman et al. 1994). The flows are locally interlayered with 
sedimentary deposits of the Latah Formation. This system of multiple flows and interlayered sedimentary 
deposits creates multiple stacked confined to semi-confined aquifers which can yield significant volumes 
of groundwater to wells.  

Regionally, the CRBG aquifer system is associated with the network of CRBG flows that extend throughout 
the Columbia Plateau. However, the basement highs and ridges present in the West Plains area 
compartmentalize the CRBG aquifer system, creating aquifer boundaries that separate West Plains CRBG 
water-bearing zones from the regional system (Spokane County Water Resources and Ecology 2013b). As a 
result, CRBG aquifers within the West Plains have limited storage capacity and are prone to over-pumping 
and declines in potentiometric levels over extended pumping periods. The basement ridges also effectively 
create no-flow hydraulic boundaries that influence groundwater flow direction within the CRBG. Consistent 
with the northeast-trending orientation of the basement ridges, the general CRBG groundwater flow 
direction in the West Plains generally trends northeast, towards the Spokane River (Spokane County Water 
Resources and Ecology 2013b).  

Within West Plains wells open to the CRBG, depth to groundwater ranges from less than 50 to several 
hundred feet below ground surface (bgs). Depth to static potentiometric level generally increases with the 
depth of the open portion of the well.  

The CRBG is overlain, in places, by sediments. In other locations, the CRBG directly crops out on the surface. 
Recharge to the CRBG generally occurs through infiltration of precipitation and irrigation water, vertical 
leakage from the overlying Quaternary sediments, and lateral recharge from basement rock highs (Deobald 
and Buchanan 1995; SAIC 1992). Discharge from the CRBG occurs through leakage to adjacent aquifers, 
(such as the paleochannel aquifers), along gaining reaches of streams, and to water supply wells.  

Groundwater age dating in the West Plains (Northwest Land and Water 2014) suggests that the rate of 
recharge to the CRBG aquifer system is relatively slow. Groundwater more than a few hundred feet deep in 
this aquifer system within the West Plains commonly displays geochemical characteristics indicative of 
residence time in the subsurface of hundreds to thousands of years. 

6.3.2. CRBG Aquifer Units 

Kahle et al. (2011) divided the CRBG aquifer system into three primary aquifer units, including the Saddle 
Mountains Unit, the Wanapum Unit, and the Grande Ronde unit. Of these, the Wanapum and Grande Ronde 
Units occur in the West Plains. The Wanapum Unit consists of the Wanapum Basalt Formation and 
intercalated sediments. Similarly, the Grande Ronde Unit consists of the Grande Ronde Formation and 
intercalated sediments.  

Potentiometric elevations in the Wanapum Unit within the West Plains generally range between 
approximately 2,300 and 2,450 feet (Spokane County Water Resources and Ecology 2013b). Groundwater 
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flow generally trends to the northeast towards discharge locations associated with the SVRP Aquifer 
(Spokane County Water Resources and Ecology 2013b). Locally, the Wanapum Unit discharges 
groundwater to both paleochannels (where fully or partially truncated by the paleochannel) and modern 
stream drainages.  

Potentiometric elevations within the Grande Ronde Basalt Formation (Spokane County Water Resources 
and Ecology 2013b) range from about 2,200 to 2,300 feet within the West Plains. Groundwater flow in the 
Grande Ronde Unit also generally trends to the northeast towards discharge locations associated with the 
SVRP Aquifer (Spokane County Water Resources and Ecology 2013b). Potentiometric elevations in the 
Grande Ronde Basalt Formation generally are not influenced by paleochannels or modern stream 
drainages (GSI et al. 2015). 

6.3.3. Hydrogeologic Parameters 

Hydrogeologic parameters within the CRBG vary widely and have been reported by numerous researchers 
including Lum et al. (1990), Hansen et al. (1994), Whiteman et al. (1994), Drost et al. (1997), Golder and 
Associates (2004), Reidel et al. (2002), Kahle et al. (2011), and others. Selected ranges include the 
following: 

■ Whiteman et al. (1994) analyzed well specific capacity data to develop ranges in CRBG horizontal 
hydraulic conductivity (K). For the Wanapum Unit, horizontal K ranged from 0.007 to 5,244 feet per 
day with a median value of 5.2 feet per day. For the Grande Ronde Unit, horizontal K ranged from 
0.005 to 2,522 feet per day, with a median value of 4.9 feet per day.  

■ Reported vertical hydraulic conductivity values generally are two to three orders of magnitude lower 
than horizontal hydraulic conductivity (Whiteman et al., 1994). Hansen et al. (1994) reported ranges 
in CRBG vertical K from 5 x 10-5 to 7 feet per day, with a median value of 0.001 feet per day.  

■ Based on aquifer thickness and horizontal hydraulic conductivity ranges, Whiteman et al. (1994) 
provided a range in CRBG transmissivity of 0.5 to 114 million square feet per day, with a median value 
of 17,000 feet per day.  

■ Kahle et al. (2011) tabulated ranges in CRBG storage coefficient from 6 x 10-6 to 0.01.  

6.4. Paleochannel Aquifers 

6.4.1. General Characteristics 

Glaciofluvial deposits host aquifers within paleochannels and outside of paleochannel boundaries where 
these deposits overly relatively shallow basalt. Glaciofluvial aquifers generally are unconfined. Saturated 
aquifer thickness is generally less than 10 feet outside of the boundaries of the paleochannels, resulting 
in low aquifer transmissivity and limited reliability as a long-term groundwater supply (Buchanan 1992). 
Within paleochannel boundaries (Figure 3), paleochannel aquifer thickness can exceed 200 feet, resulting 
in relatively high aquifer transmissivity and capacity for high-yield production wells.  

Paleochannel sediments consist primarily of glaciofluvial and glaciolacustrine deposits. The glaciofluvial 
deposits typically consist of relatively free-draining sand and gravel with relatively high hydraulic 
conductivity. Previous studies of glaciofluvial sediments within Spokane County (Bolke and Vaccaro 1981 
and CH2M Hill 1998) estimate hydraulic conductivity to range from about 100 to 6,000 feet per day.  
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Recharge to paleochannel aquifers is primarily from precipitation, applied irrigation, septic systems and 
potentially through leakage from the underlying CRBG. Paleochannel aquifers discharge to gaining reaches 
of streams, to the SVRP Aquifer, and to water supply wells. In all areas, water quality within this system of 
unconfined aquifers is relatively susceptible to degradation from point and non-point sources of 
contamination because of the frequent lack of a continuous overlying confining unit. 

6.4.2. Airway Heights Paleochannel Geology and Hydrogeology 

6.4.2.1. Aquifer Geometry 
The Airway Heights Paleochannel aquifer is the target aquifer for four City production wells, and therefore 
is of particular interest to this study. The Airway Heights Paleochannel is the longest of the five 
paleochannels, extending a distance of about 12 miles, as shown in Figure 3. It originates east of Fairchild 
Air Force Base and generally trends north through the City towards its discharge area at the east margin of 
the Spokane River valley. Maximum sediment thickness increases from about 50 feet at its southern origin 
to over 300 feet within the northern portion of the paleochannel (Derkey and Hamilton 2008). 

6.4.2.2. Geology 
Airway Heights Paleochannel boundaries were delineated by SAIC (1992) and refined by Deobald and 
Buchanan (1995), GeoEngineers (2007a), Derkey and Hamilton (2008), and Pritchard et al. (2020). SAIC 
(1992) depicted the paleochannel as a closed depression that terminates south of State Route 2. Deobald 
and Buchanan (1995), Derkey and Hamilton (2008), and Pritchard et al. (2020) used additional data to 
interpret the Airway Heights Paleochannel as an ancestral drainageway that extends northeast from State 
Route 2 to a suspected discharge area to the Spokane River Valley south of the confluence of the Spokane 
River and Deep Creek. Well logs have penetrated up to 349 feet of glaciofluvial material within the Airway 
Heights Paleochannel without encountering in-place rock. In the vicinity of City Wells 1, 4 and 11, the Airway 
Heights Paleochannel is at least 255 feet thick.  

6.4.2.3. Hydrogeology 
Within the Airway Heights Paleochannel, unconfined aquifer thickness is a minimum of about 89 feet at 
City 4 and a minimum of 125 feet at City Well 11, but has not been well defined throughout much of the 
paleochannel. SAIC (1992) measured groundwater levels in several Airway Heights Paleochannel wells in 
September 1991. Based on their analysis, groundwater flow direction in the vicinity of City Wells 1, 4 and 
11 was to the northwest, under a hydraulic gradient of about 0.004 feet per foot (about 21 feet per mile). 
The unconfined aquifer within the Airway Heights Paleochannel aquifer, because of its relatively high 
permeability and low head, acts as a drain resulting in subsurface discharge from the Wanapum Unit into 
the paleochannel with subsequent groundwater flow within the paleochannel aquifer to downgradient 
discharge areas (SAIC 1992).  

6.4.2.4. Hydrogeologic Parameters 
GeoEngineers compiled hydrogeologic information from previous GeoEngineers reports that provide testing 
results for hydrogeologic parameters within the Airway Heights Paleochannel aquifer. These are 
summarized in Table 1 and include the following parameters: 

■ Transmissivity (units of length squared divided by time): The rate at which water is transmitted through 
a unit width of aquifer under a unit hydraulic gradient. 

■ Hydraulic conductivity (units of length divided by time): The volume of water that is transmitted in unit 
time under a unit hydraulic gradient through a unit area measured perpendicular to flow. 
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■ Storage coefficient (unitless): The volume of water released from storage in a unit prism of aquifer 
when the head is decreased by a unit distance. 

TABLE 1. AIRWAY HEIGHTS PALEOCHANNEL AQUIFER HYDRAULIC PROPERTIES 

Source Type of Test 
Transmissivity 

(square feet/day) 
Hydraulic Conductivity 

(feet/day) 
Storage 

Coefficient 

GeoEngineers 
(2007a) 

Grain-Size Distribution NA 590 
(Unsaturated Zone) NA 

Grain-Size Distribution NA 770 
(Saturated Zone) NA 

Pumping Test 34,000 570 0.0021 

GeoEngineers 
(2015) Pumping Test 73,000 490 NA 

Note: NA = Not Available 

7.0 CITY WATER SOURCES 

DOH lists a total of 12 City sources in the Sentry database. Of these, a total of eight sources are listed as 
active wells. The remaining four sources are comprised of two City of Spokane interties, one inactive well, 
and one well field that is a combination of two of the active wells. City sources are summarized in Table 2. 
Discrepancies in the numbering of City wells have emerged over time between the City, DOH, and Ecology. 
The well designations provided in this report conform to the numbering designated by Ecology (2012) for 
current and future use.  

TABLE 2. CITY WATER SOURCE SUMMARY 

DOH 
Source No. 

City 
Designation 

DOH 
Status1 Township Range Section 

¼- ¼ 
Section Type 

1 Well 1 Active 25 N 41 E 26 SE of SE Well 

2 2 Well 2 Inactive 25 N 41 E 25 SE of NW Well 

3 Well 3 Active 25 N 41 E 26 SE of NE Well 

4 Well 4 Active 25 N 41 E 26 SE of SE Well 

5 Well 5 Active 25 N 41 E 25 SE of SW Well 

6 
83100K/ 
Spokane,  

City of 
Active 25 N 41 E 25 NE of NE 

City of 
Spokane 
Intertie 

7 Well 7 Active 25 N 41 E 36 NW of NW Well 

8 WF/S01,SO4 Active 25 N 41 E 26 SE of SE Well Field 

9 Well 9 (Park 
West Well) Active 24 N 41 E 02 NW of SW Well 

10 Well 8 Active 25 N 41 E 25 SE of NW Well 

11 Well 11 Active 25 N 41 E 26 NW of SE Well 
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DOH 
Source No. 

City 
Designation 

DOH 
Status1 Township Range Section 

¼- ¼ 
Section Type 

12 
83100K/ 

Spokane, City 
of, #2 

Active Not 
Assigned 

Not 
Assigned 

Not 
Assigned 

Not 
Assigned 

City of 
Spokane 
Intertie 

Notes: 1 DOH status refers to the source status provided in DOH’s Sentry database. These designations do not necessarily reflect well 
shutdowns by the City in response to water quality or water rights conditions. 
2 Well 2 is an inactive source and has been decommissioned. 

The City’s DOH sources include a total of 9 production well locations, as listed in Table 3. With the exception 
of Well 2 (which has been decommissioned), each of these production wells is an authorized point of 
withdrawal under the City’s water right portfolio, as described by Ecology (2012).  

Water Well Reports are available for 8 of the production wells; these are provided in Appendix A. City 
production well locations are presented in the City Production Well Map, Figure 4.  

Existing City production wells range in depth to first open interval from 80 feet (Well 3) to 480 feet (Well 8). 
The range in well bottom depth is 192 feet (Well 1) to 830 feet (Well 8). DOH lists well capacities for a total 
of seven of the production wells; well capacities range from 60 gallons per minute (gpm) (Well 3) to 
2,315 gpm (Well 11).  

Two primary aquifers provide groundwater to the City water system; these include the Airway Heights 
Paleochannel aquifer and the CRBG aquifer system. Based on lithologic information in the respective Water 
Well Reports, three existing wells (Well 1, Well 4 and Well 11) are known to be completed within the Airway 
Heights Paleochannel aquifer. Well 3 is presumed to be completed within the Airway Heights Paleochannel 
aquifer based on its location and reported well construction. Based on Water Well report information, three 
existing wells (Well 7, Well 8 and Well 9) are known to be completed within the CRBG aquifer system. Well 5 
is presumed to be completed within the CRBG aquifer system based on its location and reported well 
construction.  

TABLE 3. CITY PRODUCTION WELL SUMMARY 

Well No. 

Authorized 
Point of 

Withdrawal?1 
Well ID 

No. 

Water Well 
Report 

Available?2 

Well 
Depth2, 4 

(feet bgs) 

Well 
Bottom 
Depth3 

Well 
Capacity4 

(gpm) 
Aquifer 
System 

Well 1 Yes AGG 
477 Yes 175 192 177 Airway Heights 

Paleochannel 

Well 2 5 No AGG 
476 Yes 170 170 Not 

Assigned 

CRBG – 
Wanapum 

(Presumed) 

Well 3 Yes Not 
Assigned Yes 80 200 60 

Airway Heights 
Paleochannel 
(Presumed) 

Well 4 Yes AGG 
479 Yes 180 200 271 Airway Heights 

Paleochannel 
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Well No. 

Authorized 
Point of 

Withdrawal?1 
Well ID 

No. 

Water Well 
Report 

Available?2 

Well 
Depth2, 4 

(feet bgs) 

Well 
Bottom 
Depth3 

Well 
Capacity4 

(gpm) 
Aquifer 
System 

Well 5 Yes ABR 585 No 2002013 Not 
Available 65 

CRBG – 
Wanapum 

(Presumed) 

Well 7 Yes AGG 
478 Yes 380 440 Not 

Assigned 
CRBG- Grande 

Ronde 

Well 8 Yes AKA 185 Yes 480 830 300 CRBG – 
Grande Ronde 

Well 9 
(Park 
West 
Well) 

Yes AGG 
475 Yes 152 301 1,200 

CRBG – 
Wanapum and 
Grande Ronde 

Well 11 Yes BCF 554 Yes 200 440 2,315 Airway Heights 
Paleochannel 

Notes: 1 Authorized points of withdrawal under the City’s water right portfolio, as described by Ecology (2012). 
2 Well depth refers to the depth to the first open interval and was obtained from DOH’s Sentry database. 
3 Well bottom depth refers to the bottom of the well and was obtained from the respective Water Well Reports.  
4 The well depths and capacities listed in this table are derived from DOH’s Sentry database. These data might not reflect current well 
condition and/or performance.  
5 Well 2 has been decommissioned. 

8.0 CITY WATER RIGHTS 

The City maintains a water right portfolio consisting of six water right certificates, which are summarized in 
Table 4. This summary is based on Ecology’s Record of Examination (ROE) for Water Right Change to 
Certificate 6321-A (Ecology 2012).  

Under these six water right certificates, the City holds a total instantaneous quantity (Qi) of 2,315 gpm and 
a total annual quantity (Qa) of 2,328 acre-feet.  

TABLE 4. CITY WATER RIGHT SUMMARY 1 

Certificate No. Priority Date Use 
Instantaneous Quantity 

(gpm) 
Annual Quantity 

(af per year) 

6321-A 6/21/1968 Municipal Supply 350 224 

G3-23465C 6/27/1974 Municipal Supply 65 2 

G3-26657C 9/4/1980 Municipal Supply 500 800 

G3-27427C 12/21/1982 Municipal Supply 65 2 102 

G3-29249P(A) 8/4/1992 Municipal Supply 761 652.5 

G3-29249P(B) 8/4/1992 Industrial Supply 639 547.5 

Total   2,315 2,328 

Notes: 1 This City Water Right Summary is adapted from Ecology (2012) 
2 The Qi associated with Certificate No. G3-27427C is non-additive.  
af per year = acre-feet per year. 
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Ecology (2012) authorizes the development of seven additional points of withdrawal (hypothetical Wells 11 
through 17) that the City can implement. These additional points of withdrawal are located within 
Sections 13, 22, 23 and 26 of Township 25 North, Range 41 East. None of these have been developed as 
additional points of withdrawal at the time of this report.  

9.0 GROUNDWATER TRANSPORT 

9.1. Conceptual Pathways 

Groundwater pathways originating at City production well locations and migrating to the SVRP Aquifer take 
substantially different routes depending on whether the production well is completed within the Airway 
Heights Paleochannel aquifer, the Wanapum Unit, or the Grande Ronde Unit. GeoEngineers created 
conceptual cross-sections that show potential pathways, as summarized below: 

■ Figure 5, Conceptual Groundwater Pathways within Paleochannel Aquifer: This schematic diagram 
shows a hypothetical production well screened within an upgradient portion of a West Plains 
paleochannel. Existing City wells that roughly correlate with this well setting are Wells 1, 3, 4 and 11. 
The upgradient portion of the paleochannel is recharged by the adjacent CRBG formation and, 
seasonally, infiltration of precipitation and snowmelt. As shown in Figure 5, groundwater originating at 
these well locations flows under unconfined conditions before discharging to the SVRP Aquifer.  

■ Figure 6, Conceptual Groundwater Pathways within Wanapum Unit: This schematic diagram shows a 
hypothetical production well completed within the Wanapum Unit. Existing City wells that roughly 
correlate with this hypothetical well setting are Wells 5 and 9. The upgradient portion of the Wanapum 
Unit is recharged at the basement rock contact and, seasonally, infiltration of precipitation and 
snowmelt. As shown in Figure 6, groundwater originating at these well locations flows under unconfined 
to confined conditions before discharging to the SVRP Aquifer.  

■ Figure 7, Conceptual Groundwater Pathways within Grande Ronde Unit: This schematic diagram shows 
a hypothetical production well completed within the Grande Ronde Unit. Existing City wells that roughly 
correlate with this hypothetical well setting are Wells 7,8, and 9. The upgradient portion of the Grande 
Ronde Unit is recharged at the basement rock contact and, potentially, through leakage from the 
Wanapum Unit. As shown in Figure 7, groundwater originating at these well locations primarily flows 
under confined conditions before discharging to the SVRP Aquifer. 

Each of the hydrogeologic units depicted in Figures 5 through 7 (paleochannel aquifer, Wanapum Unit, and 
the Grande Ronde Unit) are fully truncated by and fully discharge to the SVRP Aquifer.    

9.2. Transport Pathways 

The City is considering the cessation of pumping in its existing production wells and the development of an 
alternative groundwater supply within the SVRP Aquifer. Each of the West Plains aquifers that provides 
water to City wells (the Airway Heights Paleochannel aquifer, the Wanapum Unit, and the Grande Ronde 
Unit) discharges to the SVRP Aquifer. As a result, a cessation in pumping of existing City production wells 
will increase discharge from the West Plains aquifer system to the SVRP Aquifer.  

During our March 11, 2020 meeting with Ecology, Ecology indicated that an alternative City groundwater 
supply within the SVRP Aquifer should be sited at or down-gradient of the locations where pumping of 
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existing City wells impact SVRP Aquifer recharge. To identify these locations, GeoEngineers preliminarily 
delineated the anticipated transport pathways for groundwater originating at existing City water supply well 
locations and discharging to the SVRP Aquifer, as summarized below. 

■ Figure 8, Groundwater Transport in Paleochannel Wells: Wells 1, 3, 4 and 11 are screened within the 
Airway Heights Paleochannel. As shown in Figure 8, groundwater originating at these well locations is 
assumed to flow down-gradient within the Airway Heights Paleochannel before discharging to the SVRP 
Aquifer in approximately Section 29 of Township 26 North and Range 42 East (northeast of intersection 
of West Marchand Road and North Old Trails Road). Note that this pathway neglects leakage, if any, 
from the Airway Heights Paleochannel aquifer to adjacent CRBG units.  

■ Figure 9, Groundwater Transport in Wanapum Unit Wells: Wells 5 and 9 are open to the Wanapum Unit. 
As shown in Figure 9, groundwater originating at these well locations is estimated to flow northeast 
before discharging to the SVRP Aquifer in approximately Section 4 of Township 25 North and Range 42 
East (in the vicinity of West Trails Road and North Aubrey White Park Drive). This pathway is based on 
groundwater flow that is assumed to be perpendicular to the orientation of potentiometric contours for 
the Wanapum Unit during an October 2011 groundwater monitoring event conducted by Spokane 
County Water Resources and Ecology (2013b).  

■ Figure 10, Groundwater Transport in Grande Ronde Unit Wells: Wells 7, 8 and 9 are open to the Grande 
Ronde Unit. As shown in Figure 10, groundwater originating at these well locations is estimate to flow 
east-northeast before discharging to the SVRP Aquifer in approximately Section 14 of Township 25 
North and Range 42 East (in the vicinity of West Greenwood Road and West Government Way). This 
pathway is based on groundwater flow that is assumed to be perpendicular to the orientation of 
potentiometric contours for the Grande Ronde Unit during October 2011 (Spokane County Water 
Resources and Ecology 2013b). 

9.3. Groundwater Travel Times 

GeoEngineers conducted simplified groundwater transport calculations based on the Darcy Velocity 
equation (Domenico and Schwartz 1990) provided in Equation 1. 

v = -(K./ne)*(dh/dl)      Equation 1 

where v = groundwater velocity, K = horizontal hydraulic conductivity, ne = effective porosity, and 
dh/dl = hydraulic gradient. 

Groundwater travel times were calculated using Equation 2. 

T = v * L       Equation 2 

where T = groundwater travel time and L = pathway length.  

For each of the pathways shown in Figures 8 through 10, results are summarized below in Table 5.  
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TABLE 5. GROUNDWATER VELOCITY AND TRAVEL TIMES 

Groundwater 
Pathway 

K 
(feet per day) 

Average dh/dl 
(feet per foot) 

ne 

(unitless) 
v 

(feet per day 
L 

(feet) 
T 

(years) 

Airway Heights Paleochannel Aquifer 

Wells 1 and 4 490 0.017 0.30 28 41,924 4.1 

Well 3 490 0.017 0.30 28 38,468 3.7 

Well 11 490 0.015 0.30 25 41,660 4.5 

Wanapum Unit 

Well 5 70 0.023 0.145 11 29,364 7.4 

Well 9 70 0.017 0.145 8.3 40,769 13 

Grande Ronde Unit 

Well 7 70 0.010 0.145 5.0 30,519 17 

Well 8 70 0.013 0.145 6.3 27,013 12 

Well 9 70 0.016 0.145 7.6 40,817 15 

 

Assumptions underpinning the analyses summarized in Table 5 include the following: 

■ K: For the Airway Heights Paleochannel aquifer, K was estimated based on aquifer testing data and 
analyses provided by GeoEngineers (2015). For the Wanapum and Grande Ronde units, K was adapted 
from the median CRBG value estimated from specific capacity data compiled by Kahle et al. (2011). 

■ Average dh/dl: For each well location, hydraulic gradient was estimated by: (1) subtracting the 
approximate groundwater level at the SVRP Aquifer discharge location from the reported static 
potentiometric level at the well; and (2) dividing by the linear distance between the well and the SVRP 
Aquifer discharge location.  

■ ne: ne of the Airway Heights Paleochannel aquifer was adapted from typical values for sand and gravel 
presented by Domenico and Schwartz (1990). ne of the Wanapum and Grande Ronde Units was 
obtained from the representative value for CRBG flow tops provided by Whiteman et al. (1994).  

These calculations suggest that groundwater velocity within the Airway Heights Paleochannel aquifer (25 to 
28 feet per day) is approximately two to six times higher than the CRBG units (5.0 to 11 feet per day). This 
velocity difference primarily is caused by the higher assumed hydraulic conductivity for the Airway Heights 
Paleochannel aquifer.  

Travel times for groundwater from City production well locations to respective discharge locations to the 
SVRP Aquifer are lower for the Airway Heights Paleochannel aquifer than for the CRBG units. Airway Heights 
Paleochannel aquifer travel times range from 3.7 years for Well 3 to 4.5 years for Well 11. Wanapum Unit 
travel times range from 7.4 years for Well 5 to 13 years for Well 9. Grande Ronde Unit travel times range 
from 12 years for Well 8 to 17 years for Well 7.  
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10.0 ALTERNATIVE GROUNDWATER SUPPLY STUDY AREA 

Each of the groundwater path lines from Figures 8 through 10 is shown in Alternative Groundwater Supply 
Study Area, Figure 11. Regulatory considerations dictate that point(s) of withdrawal for an alternative City 
groundwater supply in the SVRP Aquifer should be at or downgradient of the discharge locations associated 
with the groundwater path lines. Therefore, GeoEngineers identified an Alternative Groundwater Supply 
Study Area within the following portions of Township 26N, Range 42 East: 

■ Section 17 

■ The northeast quarter of Section 18 

■ Section 20 

■ The southwest quarter of Section 21 

■ The northwest quarter of Section 28 

The Alternative Groundwater Supply Study Area is shown in Figure 11.  

We downloaded Water Well Reports compiled within Ecology’s Washington State Well Report Viewer 
database for the above area. These Water Well Reports are provided in Appendix B. Each well in Appendix B 
was given a unique designation and mapped based on location information provided in the Water Well 
Reports. Approximate well locations are shown in Alternative Groundwater Supply Study Area Existing Wells, 
Figure 12. Location information generally consists of township-range-section, well address, and/or parcel 
number and only wells that can be located to the nearest quarter-quarter section (or more precisely) were 
included in Figure 12 and Appendix B.  

Before investing in the infrastructure required to develop an alternative groundwater supply, the City is 
interested in evaluating the groundwater quality of the SVRP Aquifer within the Alternative Groundwater 
Supply Area. GeoEngineers reviewed the Water Well Reports in Appendix B and selected six existing wells 
that could inform the City regarding groundwater quality conditions within the SVRP Aquifer in the 
Alternative Groundwater Supply Area. These potential groundwater sampling locations are tabulated in 
Table 6 and designated with a red well symbol in Figure 12. 

TABLE 6. POTENTIAL GROUNDWATER SAMPLING LOCATIONS 

Well 
Designation Location 1 

Year of 
Installation Owner 2 

Total Depth 
(feet bgs) 

Screen Depth 
(feet bgs) 

Formation 
Opposite 
Screen 

20A1 Parcel No. 
26201.9038 2017 Anne Marie 

McLellan 100 91 to 96 Sand with 
Gravel 

20A6 Parcel No. 
26201.0923 3 2007 Nelson 

Antoniuk 82 75 to 80 Sand and 
Gravel 

20A8 Parcel No. 
26201.0922 2010 Stephen 

Mayne 80 75 to 80 Sand and 
Gravel 

20B2 9426 N. Riverside 
State Park Drive 1988 Jackie 

McClellan 88 
88 

(Open Casing) 
Gravel 
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Well 
Designation Location 1 

Year of 
Installation Owner 2 

Total Depth 
(feet bgs) 

Screen Depth 
(feet bgs) 

Formation 
Opposite 
Screen 

20B3 Parcel No. 
26201.9053 2001 

Jason & 
Holly 

McLellan 
80 75 to 80 Gravel with 

Sand 

21N1 
N. 8132 

Rivermere Drive 1991 
Andy 

Mahaffy 60 51 to 56 
Gravel and 

Sand 

Notes: 1The most specific location information provided in the respective Water Well Report is tabulated in this table. 
 2The reported owner at the time of drilling is tabulated in this table.  
3The parcel number provided on the Water Well Report (26201.0923) for Well 20A6 is not a valid number and appears to be in 
error. Based on property owner information on file with Spokane County, the suspected correct parcel number is provided in this 
table. 

The wells in Table 6 were prioritized based on the following considerations:  

■ Certainty of location information: Wells with precise location information, such as a parcel number or 
address, were prioritized. 

■ Position with respect to Spokane River: Wells on the west side of the Spokane River were prioritized. 

■ Age: Newer wells were prioritized. 

■ Apparent permeability: Wells that appeared to be constructed within high-permeability sediment that 
have a high likelihood of supporting a municipal well were prioritized.  

■ Screen depth: Wells that are screened at a depth (generally greater than 50 feet bgs) that is consistent 
with a potential municipal well installation were prioritized. 

11.0 HYPOTHETICAL STREAMFLOW DEPLETION 

11.1. Method and Assumptions 

Multiple analytical methods for estimating the depletion in streamflow resulting from groundwater pumping 
have been developed by researchers (Barlow and Leake 2012). These solutions generally assume the 
following: 

■ The aquifer is homogeneous, isotropic and extends infinitely away from the stream. 

■ The aquifer is confined, although the solutions have been extended to unconfined aquifers with the 
assumption that drawdown caused by pumping will be small compared to aquifer thickness. 

■ Water is released instantaneously from storage (that is, the effect of delayed yield is negligible). 

■ The stream is straight, of infinite length, and flowing at all times. 

■ The groundwater level in the aquifer at the stream remains above the streambed, such that the stream 
does not become disconnected from the underlying aquifer. 

■ The well is fully penetrating and pumping at a constant rate.  
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The most widely-used streamflow depletion solution simulates a stream penetrating the full thickness of 
the aquifer, with no streambed hydraulic resistance between the stream and the aquifer (Glover and Balmer 
1954), and has been designated the Glover solution. Because the Spokane River does not fully truncate 
the SVRP Aquifer in the vicinity of the Alternative Groundwater Supply Area, we selected an adaptation of 
the Glover solution introduced by Hunt (1999) which accounts for partial penetration of the aquifer by the 
stream and also accounts for streambed hydraulic resistance.  

We calculated streamflow depletion rate using the Hunt (1999) solution contained within U.S. Geological 
Survey code STRMDEPL08 (Reeves 2008). Model assumptions included the following: 

■ A new City production well is completed within the SVRP Aquifer and sited within the Alternative 
Groundwater Source Study Area.  

■ Distance from the hypothetical City production well to the Spokane River is 2,000 feet. 

■ The SVRP aquifer is unconfined and composed of sand and gravel with minor silt content. 

■ In the vicinity of the hypothetical production well, SVRP Aquifer thickness is 100 feet (Kahle and 
Bartolino 2007). 

■ Hydraulic conductivity of the SVRP Aquifer is 1,650 feet per day, based on single well specific capacity 
data analysis presented by CH2M Hill (1998) for a production well located near the Alternative 
Groundwater Supply Area. 

■ Streambed conductance is less than the hydraulic conductivity of the SVRP Aquifer by a factor of 10. 

■ Storage coefficient (specific yield) of the aquifer is 0.2, based on typical values for unconfined aquifers 
provided by Driscoll (1986).  

■ The pumping rate is equal to the City’s total Qi of 2,315 gpm (5.16 cfs). 

■ The pumping period is continuous for a period of approximately 3 months.  

The specific parameter values assumed for each analytical scenario are listed in Assumptions for 
Streamflow Depletion Analysis, Table C-1 of Appendix C.  

11.2. Model Results 

Results are provided in tabular form in Results of Streamflow Depletion Analysis, Table C-2, provided in 
graphical form in Streamflow Depletion Percentage, Figure C-1. Streamflow depletion percentage (SDP) is 
calculated using Equation 3. 

SDP = Q / SD       Equation 3 

where Q = well pumping rate and SD = the rate of streamflow depletion that results from well 
pumping.  

Model results are summarized by the following: 

■ The depletion in Spokane River streamflow resulting from groundwater pumping in a hypothetical City 
production well sited 2,000 feet from the river increases with duration of pumping. 

 After a pumping period of 10 days, estimated SDP was about 37 percent (1.92 cfs).  
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 After a pumping period of 30 days, estimated SDP was about 59 percent (3.02 cfs).  

 After a pumping period of 90 days, estimated SDP was about 74.7 percent (3.84 cfs), at which 
point the well was shut down. 

■ Streamflow depletion decreases gradually after well shutdown. 

 After a shutdown period of 10 days, estimated SDP reduced to about 39 percent (1.99 cfs). 

 After a shutdown period of 30 days, estimated SDP reduced to about 19 percent (1.00 cfs).  

12.0 OPERATIONAL SCENARIO 

12.1. Complicating Factors 

The simplified groundwater transport calculations described herein suggest that, in the absence of 
pumping, the time required for groundwater to migrate from existing City production well locations to the 
SVRP Aquifer requires 3.7 to 66 years, depending on the well location and associated hydrogeologic unit. 
Once an existing production well is shutdown, therefore, it takes time for the impact of previous pumping 
on SVRP recharge rates to dissipate. The lag in time between existing well shutdown and cessation of 
existing well impact on SVRP Aquifer recharge is less for wells completed in the Airway Heights 
Paleochannel aquifer than for the CRBG aquifers.  

Developing a new well operational scenario that accounts for the above-described time lag is complicated 
by the following factors: 

■ City production wells are completed in different hydrogeologic units (Airway Heights Paleochannel 
aquifer, Wanapum Unit and/or Grande Ronde Unit). These units have varying groundwater transport 
times, as described above.  

■ The City’s water right portfolio provides the City flexibility regarding the annual volumes that are 
extracted from respective production wells. As a result, the annual volumes extracted from individual 
wells has historically varied from year to year.  

■ City production wells currently are fully or partially shut down for reasons ranging from nitrate 
contamination (Well 3), water rights issues (Well 9), well performance (Wells 5, 7 and 8), and PFAS 
contamination (Wells 1, 4 and 11). Shut down timing varies by well location. 

■ A significant portion of the City’s water usage is not consumed by processes (for example, 
evapotranspiration) that remove the water from the hydrogeologic system that recharges the SVRP 
Aquifer. Since 2012, water has been returned to the Airway Heights Paleochannel aquifer through 
discharge from the City’s Water Reclamation Plant.  

■ The timing of the dissipation of impact to SVRP Aquifer recharge resulting from City production well 
shutdown is not precisely determined by the groundwater transport and travel time estimates described 
herein. However, our March 11, 2020 meeting with Ecology reached a consensus that groundwater 
transport and travel time estimates provide a reasonable basis for which to develop a new well 
operational scenario.  

Acknowledging these complications, GeoEngineers developed an operational scenario, described below, 
that describes a path forward for developing an alternative groundwater supply for a new City groundwater 
supply. 
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12.2. City Groundwater Use and Water Reclamation Plant Discharge 

The operational scenario is based, in part, on historic City groundwater use. GeoEngineers reviewed the 
following data, provided by Century West: (1) monthly City groundwater use for the period from 2000 to 
2014; and (2) annual groundwater use for the period from 2015 to 2019. 

A significant percentage of the City’s groundwater use is returned to the Airway Heights Paleochannel 
aquifer through subsurface discharge at the City’s Water Reclamation Plant, the approximate location of 
which is shown in Figure 2. GeoEngineers reviewed discharge volumes to the Water Reclamation Plant 
percolation beds for the period from 2012 to 2019. 

Groundwater use data and water reclamation plant discharge for the period from 2000 to 2019 are 
summarized in Table 7. 

TABLE 7. CITY GROUNDWATER USE AND WATER RECLAMATION DISCHARGE 

Year 

Pumping Volume (acre-feet) Water 
Reclamation 

Plant Discharge 
(acre-feet) 

Net Removal from 
Airway Heights 
Paleochannel4 

(acre-feet) 

Airway Heights 
Paleochannel 

Aquifer1 
Wanapum 

Unit2 
Grande 

Ronde Unit3 Total 

2000 609.98 15.53 26.18 651.69 0.00 606.98 

2001 598.42 22.17 18.98 639.58 0.00 598.42 

2002 542.57 13.89 296.63 853.09 0.00 542.57 

2003 530.82 0.00 620.94 1,151.76 0.00 530.82 

2004 601.16 0.00 562.30 1,163.46 0.00 601.16 

2005 543.89 0.00 465.90 1,009.79 0.00 543.89 

2006 459.00 0.00 509.00 968.00 0.00 459.00 

2007 480.80 0.00 364.21 845.01 0.00 480.80 

2008 337.69 0.00 970.33 1,308.02 0.00 337.69 

2009 307.62 0.00 1,035.24 1,342.87 0.00 307.62 

2010 343.29 0.00 896.40 1,239.69 0.00 343.29 

2011 545.08 0.00 581.97 1,127.05 0.00 545.08 

2012 554.29 0.00 449.19 1,003.48 321.55 232.74 

2013 1,131.37 0.00 165.83 1,297.20 566.22 565.15 

2014 1,458.70 0.00 56.72 1,515.42 558.84 899.86 

2015 1,255.35 0.00 0.00 1,255.35 580.32 675.03 

2016 1,400.88 0.00 0.00 1,400.88 644.57 756.31 

2017 55.21 0.00 0.00 55.21 756.29 -701.08 

2018 198.36 0.00 0.00 198.36 781.47 -583.11 

2019 638.04 0.00 0.00 638.04 816.55 -178.51 

Notes: 1 Airway Heights Paleochannel aquifer pumping volumes are associated with Wells 1, 4, and 11. 
 2 Wanapum Unit pumping volumes are associated with Well 5. 
 3 Grande Ronde Unit pumping volumes are associated with Wells 7, 8, and 9. Well 9 is open to both the Wanapum and Grande 
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Ronde Units but is assigned entirely to the Grande Ronde Unit to be conservative with respect to travel time.  
4 Net removal from the Airway Heights Paleochannel aquifer is assumed to be equal to the Airway Heights Paleochannel aquifer 
pumping volume minus water reclamation plant discharge. Negative values indicate a net increase to the Airway Heights 
Paleochannel aquifer as a result of City water use and reclaimed water discharge. 

12.3. Historic Groundwater Use 

In developing the summary provided in Table 7, GeoEngineers reviewed City water use data for the period 
from 2000 to 2019, which equates to a dataset of 20 years. However, the groundwater travel time 
estimates provided in Table 5 for Wanapum Unit and Grande Ronde Unit well locations average 
approximately 38.5 and 56.7 years, respectively. The timing of the cessation of impact to SVRP Aquifer 
recharge from City production well shutdown is complex, influenced by aquifer hydraulics, aquifer geometry, 
and other factors, and most precisely approximated by numerical groundwater flow modeling. However, in 
the absence of groundwater modeling and considering the groundwater travel time estimates provided 
herein, it is reasonable to interpret that the impact of historic City production well pumping on SVRP Aquifer 
recharge could persist for a number of decades after cessation of pumping in CRBG wells.  

To support our analysis of the potential magnitude of the impact of historic City groundwater pumping on 
SVRP Aquifer recharge, we estimated City groundwater use over the past 60 years (to 1960). City water use 
data prior to the year 2000 were not available. To project City water use estimates back to 1960, we used 
the 2000 City water use data as a reference and modified those data based on population estimates 
provided by Population.us (2020) for the period from 1960 to 2000. These water use estimates, as well as 
the 2000 reference data, are averaged by decade in Table 8.  

TABLE 8. ESTIMATED HISTORIC WATER USE 

Year 
Estimated 

Population1 

Estimated Annual Pumping Volume (acre-feet) 

Airway Heights 
Paleochannel Aquifer2 

Wanapum 
Unit2 

Grande 
Ronde Unit2 Total 

1960-1970 726 98.5 2.5 4.2 105.3 

1970-1980 1,237 167.9 4.3 7.2 179.3 

1980-1990 1,843 250.1 6.4 10.7 267.2 

1990-2000 3,226 437.8 11.1 18.8 467.7 

2000 2 4,495 609.98 15.53 26.18 651.69 

Notes: 1 Population estimates were adapted from Population.us (2020).  
 2 The 2000 pumping data represent actual pumping volumes and were used as a reference to pumping estimates for previous 
decades.  

12.4. Operational Scenario 

With these historic groundwater use estimates, we are now positioned to consider an operational scenario 
for new city production well(s) completed in the Alternative Groundwater Supply Study Area. The scenario 
described below is intended to be straightforward in concept and conservative with respect to the SVRP 
Aquifer water budget. The first steps, summarized in Table 9, are to identify the approximate year that 
impact to SVRP Aquifer recharge from historic existing City well water use will terminate for each 
hydrogeologic unit. To do so, we identified the following:  
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1. Average Groundwater Transport Time: The average of the values presented in Table 5 for well locations 
associated with the respective hydrogeologic units.   

2. Base Year: Base year was calculated by subtracting groundwater transport time from the current year 
(2020). For groundwater currently discharging to the SVRP Aquifer from a respective hydrogeologic 
unit, this represents the approximate time that the water was in the vicinity of existing City wells.  

3. Termination Year: The last year that City wells have pumped from the respective hydrogeologic unit. For 
the Airway Heights Paleochannel, the termination year is assumed to be 2020. 

4. Projected Year: The year that impact to the SVRP Aquifer from City production well pumping is estimated 
to end. The projected year was estimated by adding the average groundwater transport time to the 
termination year.  

Based on these parameters and as summarized in Table 9, the projected year is 2024 for the Airway 
Heights Paleochannel aquifer and 2029 for the Grande Ronde Unit. Impact from Wanapum Unit pumping 
is estimated to have ended during 2013. 

TABLE 9. TIMING OF IMPACT 

Parameter 
Airway Heights 

Paleochannel Aquifer Wanapum Unit Grande Ronde Unit 

Average Groundwater 
Transport Time  4.1 years 10.2 years 14.7 years 

Base Year 2016 2010 2005 

Termination Year 2020 2003 2014 

Projected Year 2024 Ended in 2013 2029 

 

Once the timing of impact is estimated, the second step is to estimate the magnitude of the impact that 
City wells have had on SVRP recharge in each hydrogeologic unit during the period of impact. Because 
pumping rates varied widely in individual wells over time, estimating temporal variation in recharge impact 
over time is complex, and would be most precisely accomplished through numerical flow modeling. 
To simplify, we calculated the average groundwater use for the period from the base year to the termination 
year in each hydrogeologic unit. Results are summarized in Table 10. The average annual impact is 
573.1 acre-feet for the Airway Heights Paleochannel aquifer, 0 acre-feet for the Wanapum Unit and 
549.5 acre-feet for the Grande Ronde Unit.  

For the Airway Heights Paleochannel aquifer, the magnitude of impact is complicated by return flow of 
reclaimed water to the Airway Heights Paleochannel through Water Reclamation Plant discharge. Net 
removal from the Airway Heights Paleochannel aquifer is presented in Table 7. Anticipating regulatory 
preference and in the interest of being conservative, however, we used gross Airway Heights Paleochannel 
groundwater use to develop this operational scenario and neglected reclaimed water discharge. 
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TABLE 10. MAGNITUDE OF IMPACT 

Parameter 

Airway Heights 
Paleochannel Aquifer 

(acre-feet per year) 
Wanapum Unit 

(acre-feet per year) 
Grande Ronde Unit 
(acre-feet per year) 

Average Annual City 
Impact to Aquifer 573.1 0 549.5 

 

The final step is to develop an operational scenario for a well or wellfield developed within the Alternative 
Groundwater Supply Study Area that accounts for the timing and magnitude of City production well impact 
on SVRP Aquifer recharge. This operational scenario is summarized in Table 11. 

TABLE 11. OPERATIONAL SCENARIO 

Parameter 

Impact to SVRP Aquifer Recharge (acre feet per year) 

Adjusted Qa 1 
(acre-feet) 

Airway Heights 
Paleochannel 

Aquifer Wanapum Unit 
Grande Ronde 

Unit Total Impact 

2021 to 2024 573.1 0 549.5 1,122.6 1,205.4 

2025 to 2029 0 0 549.5 549.5 1,778.5 

After 2029 0 0 0 0 2,328 

Note: 1 Adjusted Qa is estimated by subtracting the total impact in recharge from the City’s total Qa (2,328 acre-feet per year).  

Under this scenario, the City is able to incrementally increase annual pumping volume from the SVRP 
Aquifer in the Alternative Groundwater Supply Study Area. From 2021 to 2024, the City would be limited to 
1,205.4 acre-feet per year. From 2025 to 2029, maximum pumping volume would be 1,778.5 acre-feet 
per year. After 2029, the City could utilize its maximum water right allocation of 2,328 acre-feet per year.  

13.0 CONCLUSIONS 

Based on the data and analyses presented herein, development of a new City groundwater supply within 
the SVRP Aquifer in the Alternative Groundwater Supply Study Area appears feasible. This conclusion is 
based on the following: 

■ Water Well Reports associated with existing wells completed in the SVRP Aquifer within the Alternative 
Groundwater Supply Study Area indicate the presence of permeable sand and gravel deposits that 
potentially could support the development of a municipal groundwater supply. However, site-specific 
exploration and testing will be required to verify aquifer capacity in one or more proposed new well 
locations.  

■ Pumping of existing City production wells reduce discharge of CRBG and paleochannel aquifers to the 
SVRP Aquifer. The hydrogeologic conceptual model described herein suggests that each of the aquifers 
that existing wells are completed in are fully truncated by the Spokane River valley. Therefore, each of 
these aquifers fully discharge to the SVRP Aquifer. Transfer of City water rights to the Alternative 
Groundwater Supply Study Area should, in the long term, be water budget neutral with respect to the 
SVRP Aquifer.  
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■ Transport pathways for each of the hydrogeologic units targeted by existing City wells are at or 
upgradient of the Alternative Groundwater Supply Study Area. Therefore, operation of one or more new 
groundwater supply wells in the Alternative Groundwater Supply Area should not impact the SVRP 
Aquifer (or Spokane River) upgradient of the zone of impact associated with existing City wells.  

Impact to SVRP Aquifer recharge from historic pumping of existing City production wells persists years to 
decades after cessation of pumping. Therefore, the cumulative impact of historic and proposed City 
pumping on the SVRP Aquifer water budget could exceed the City’s water right allocation if this is not 
accounted for in the City’s operational plans. Using a simplified methodology based on historic groundwater 
usage and groundwater travel times, an adjusted Qa is proposed that incrementally increases maximum 
annual pumping volume from 1,205.4 acre-feet in 2021 to 2,328 acre-feet in 2029. Use of a travel-time-
based methodology is more conservative (generally results in a longer period of residual impact) than 
analytical or numerical methodologies that are based on recovery of a groundwater flow field following 
cessation of well pumping. 

14.0 LIMITATIONS 

We prepared this report for use by Century West Engineering Corporation to assist in the assessment of an 
alternative groundwater supply for the City of Airway Heights, Washington. 

Within the limitations of scope, schedule and budget, our services have been executed in accordance with 
generally accepted practices in the field of hydrogeology in this area at the time this report was prepared. 
No warranty or other conditions, expressed or implied, should be understood.  

Please refer to Appendix D, “Report Limitations and Guidelines for Use” for additional information 
pertaining to use of this report.  
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Notes:
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2. This drawing is for information purposes.  It is intended to assist in showing features discussed in an attached
document.  GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.

Projection: NAD 1983 UTM Zone 11N

P:\6\6615011\GIS\MXD\661501100_F02_GeologicMap.mxd  Date Exported: 05/26/20  by ccabrera 

Data Source: City and Aquifer boundary from Spokane County GIS. 100k Geology data from Washington State DNR.
ESRI Street Base Map.

Eigd(t)

Kiat(ls)

Mc(l)

Mv(gN2)

Mv(wpr)Qa

Qd

Qfg, Qflg

Ql

Qls

TKia, TKia(f),
TKiaa

Yms(r), Yms(w),
Yq(b)



(

(

(

(

(

!

!
!

!

!!

!

Spokane
Valley/Rathdrum

Prairie Aquifer

City of
Airway
Heights

West Deep Creek
Paleochannel

East Deep
Creek

Paleochannel

Airport
Paleochannel

Airway Heights
Paleochannel

Marshall
Paleochannel

Paleochannel Boundary Map

Alternative Groundwater Supply Assessment
City of Airway Heights, Washington

Figure 3

µ
10,000 0 10,000

Feet

Legend
! City of Airway Heights Production Well Locations

City of Airway Heights

Approximate Airway Heights Paleochannel Boundary

Spokane Valley/Rathdrum Prairie Aquifer

Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended to assist in showing features discussed in an attached
document.  GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
3. Paleochannel locations were adapted from Pritchard et. al. (2020).
4. Spokane Valley Rathdrum Prairie Aquifer from Spokane County GIS.

Projection: NAD 1983 UTM Zone 11N

P:\6\6615011\GIS\MXD\661501100_F03_PaleochannelMap.mxd  Date Exported: 05/26/20  by ccabrera 
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended to assist in showing features discussed in an attached
document.  GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
3. Paleochannel locations were adapted from Pritchard et. al. (2020).
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1. The location of all features shown are approximate.
2. This drawing is for information purposes. It is intended
 to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
 of electronic files. The master file is stored by GeoEngineers, Inc.
 and will serve as the official record of this communication.

Notes:
1. The location of all features shown are approximate.
2. This drawing is for information purposes. It is intended
 to assist in showing features discussed in an attached document.
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 of electronic files. The master file is stored by GeoEngineers USA, PC
 and will serve as the official record of this communication.
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended to assist in showing features discussed in an attached
document.  GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
3. Paleochannel locations were adapted from Pritchard et. al. (2020).
4. Spokane Valley Rathdrum Prairie Aquifer from Spokane County GIS.

Projection: NAD 1983 UTM Zone 11N
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Data Source: Data from Spokane County GIS.  ESRI Street Map.
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended to assist in showing features discussed in an attached
document.  GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
3. Spokane Valley Rathdrum Prairie Aquifer from Spokane County GIS.
4. Wanapum Unit Groundwater Elevation Contours were obtained from Spokane County (2013b)

Projection: NAD 1983 UTM Zone 11N
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Data Source: Data from Spokane County GIS.  ESRI Street Map.
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended to assist in showing features discussed in an attached
document.  GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
3. Spokane Valley Rathdrum Prairie Aquifer from Spokane County GIS.
4. Wanapum Unit Groundwater Elevation Contours were obtained from Spokane County (2013b)

Projection: NAD 1983 UTM Zone 11N
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Data Source: Data from Spokane County GIS.  ESRI Street Map.
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is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
3. Spokane Valley Rathdrum Prairie Aquifer from Spokane County GIS.
4. Wanapum Unit Groundwater Elevation Contours were obtained from Spokane County (2013b)
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Data Source: Data from Spokane County GIS.  ESRI World Imagery, USA Topo Map.
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Notes:
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2. Th is drawing is for information purposes.  It is intended to assist in sh owing features discussed in an attach ed
document.  GeoEngineers, Inc. cannot guarantee th e accuracy and content of electronic files.  Th e master file
is stored by GeoEngineers, Inc. and will serve as th e official record of th is com m unication.
3. Spokane Valley Rath drum  Prairie Aquifer from Spokane County GIS.
4. Existing wells were identified using W ater W ell Reports on file with  Ecology’s W ell Report Viewer database.
W ater W ell Reports for existing wells are provided in Appendix B.  
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APPENDIX A 
Water Well Reports, City Production Wells 
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APPENDIX B 
Water Well Reports, Alternative Groundwater  

Supply Study Area
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APPENDIX C 
Streamflow Depletion Modeling 



Table C-1
Assumptions for Streamflow Depletion Analysis

Alternative Groundwater Supply Study Area
City of Airway Heights, Washington

Parameter Symbol Unit Assumed Value Source

Well Discharge Rate Qw gallons per minute 2315 Combined Qa of the City Water Right portfolio

cubic feet per second 5.16

Distance from Well to Stream d feet 2,000 Estimated

Storage Coefficient S dimensionless 2.0E-01

Typical value for the storage coefficient (specific yield) for an unconfined, coarse-grained sedimentary aquifer provided 
by Driscoll (1986).

Hydraulic Conductivity - Minimum KL feet per day 1.65E+03 Single well specific capacity data analysis presented by CH2M Hill (1988)

feet per second 1.9E-02

Aquifer Thickness b feet 100 Estimated

Transmissivity TL square feet per day 1.65E+05 TL = KL*b

square feet per second 1.9E+00

Duration of Pumping t day 30

Streambed Conductance ScL feet per second 1.9E-03 10 percent of the hydraulic conductivity estimate

File No. 6615-011-00 
Table 1 | March 1, 2021 1 of 1



Table C-2
Results of Streamflow Depletion Analyses

Alternative Groundwater Supply Study Area
City of Airway Heights, Washington

Elapsed Time 2 Well Pumping Rate Streamflow Depletion Rate 1

(days) (gpm) (cfs) (gpm) (cfs) (percent)

0 0 0 0 0 0.0

1 2315 5.16 60 0.13 2.6

2 2315 5.16 203 0.45 8.8

3 2315 5.16 334 0.75 14.4

4 2315 5.16 446 0.99 19.3

5 2315 5.16 542 1.21 23.4

6 2315 5.16 624 1.39 26.9

7 2315 5.16 695 1.55 30.0

8 2315 5.16 758 1.69 32.7

9 2315 5.16 814 1.81 35.1

10 2315 5.16 864 1.92 37.3

11 2315 5.16 909 2.03 39.3

12 2315 5.16 950 2.12 41.0

13 2315 5.16 988 2.20 42.7

14 2315 5.16 1022 2.28 44.2

15 2315 5.16 1054 2.35 45.5

16 2315 5.16 1084 2.42 46.8

17 2315 5.16 1112 2.48 48.0

18 2315 5.16 1138 2.53 49.1

19 2315 5.16 1162 2.59 50.2

20 2315 5.16 1185 2.64 51.2

21 2315 5.16 1206 2.69 52.1

22 2315 5.16 1226 2.73 53.0

23 2315 5.16 1246 2.78 53.8

24 2315 5.16 1264 2.82 54.6

25 2315 5.16 1281 2.85 55.3

26 2315 5.16 1297 2.89 56.0

27 2315 5.16 1313 2.93 56.7

28 2315 5.16 1328 2.96 57.4

29 2315 5.16 1342 2.99 58.0

30 2315 5.16 1356 3.02 58.6

31 2315 5.16 1369 3.05 59.1

32 2315 5.16 1382 3.08 59.7

33 2315 5.16 1394 3.11 60.2

34 2315 5.16 1406 3.13 60.7

35 2315 5.16 1417 3.16 61.2

36 2315 5.16 1428 3.18 61.7

37 2315 5.16 1438 3.20 62.1

38 2315 5.16 1448 3.23 62.6

39 2315 5.16 1458 3.25 63.0

40 2315 5.16 1467 3.27 63.4

41 2315 5.16 1476 3.29 63.8

42 2315 5.16 1485 3.31 64.2

43 2315 5.16 1494 3.33 64.5

44 2315 5.16 1502 3.35 64.9

45 2315 5.16 1510 3.36 65.2

46 2315 5.16 1518 3.38 65.6

File No. 6615-011-00 
Table 2 | March 1, 2021 1 of 3



Elapsed Time 2 Well Pumping Rate Streamflow Depletion Rate 1

(days) (gpm) (cfs) (gpm) (cfs) (percent)

47 2315 5.16 1525 3.40 65.9

48 2315 5.16 1533 3.41 66.2

49 2315 5.16 1540 3.43 66.5

50 2315 5.16 1547 3.45 66.8

51 2315 5.16 1554 3.46 67.1

52 2315 5.16 1560 3.48 67.4

53 2315 5.16 1567 3.49 67.7

54 2315 5.16 1573 3.50 67.9

55 2315 5.16 1579 3.52 68.2

56 2315 5.16 1585 3.53 68.5

57 2315 5.16 1591 3.54 68.7

58 2315 5.16 1596 3.56 69.0

59 2315 5.16 1602 3.57 69.2

60 2315 5.16 1607 3.58 69.4

61 2315 5.16 1613 3.59 69.7

62 2315 5.16 1618 3.60 69.9

63 2315 5.16 1623 3.62 70.1

64 2315 5.16 1628 3.63 70.3

65 2315 5.16 1633 3.64 70.5

66 2315 5.16 1638 3.65 70.7

67 2315 5.16 1642 3.66 70.9

68 2315 5.16 1647 3.67 71.1

69 2315 5.16 1651 3.68 71.3

70 2315 5.16 1656 3.69 71.5

71 2315 5.16 1660 3.70 71.7

72 2315 5.16 1664 3.71 71.9

73 2315 5.16 1668 3.72 72.1

74 2315 5.16 1672 3.73 72.2

75 2315 5.16 1676 3.73 72.4

76 2315 5.16 1680 3.74 72.6

77 2315 5.16 1684 3.75 72.7

78 2315 5.16 1688 3.76 72.9

79 2315 5.16 1692 3.77 73.1

80 2315 5.16 1695 3.78 73.2

81 2315 5.16 1699 3.78 73.4

82 2315 5.16 1702 3.79 73.5

83 2315 5.16 1706 3.80 73.7

84 2315 5.16 1709 3.81 73.8

85 2315 5.16 1712 3.82 74.0

86 2315 5.16 1716 3.82 74.1

87 2315 5.16 1719 3.83 74.3

88 2315 5.16 1722 3.84 74.4

89 2315 5.16 1725 3.84 74.5

90 2315 5.16 1728 3.85 74.7

91 0 0 1671 3.72 72.2

92 0 0 1532 3.41 66.2

93 0 0 1403 3.13 60.6

94 0 0 1294 2.88 55.9

95 0 0 1201 2.68 51.9

96 0 0 1122 2.50 48.5

97 0 0 1054 2.35 45.5

98 0 0 994 2.21 42.9

99 0 0 940 2.10 40.6
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Elapsed Time 2 Well Pumping Rate Streamflow Depletion Rate 1

(days) (gpm) (cfs) (gpm) (cfs) (percent)

100 0 0 893 1.99 38.6

101 0 0 850 1.89 36.7

102 0 0 812 1.81 35.1

103 0 0 777 1.73 33.5

104 0 0 744 1.66 32.2

105 0 0 715 1.59 30.9

106 0 0 688 1.53 29.7

107 0 0 662 1.48 28.6

108 0 0 639 1.42 27.6

109 0 0 617 1.37 26.7

110 0 0 597 1.33 25.8

111 0 0 577 1.29 24.9

112 0 0 559 1.25 24.2

113 0 0 542 1.21 23.4

114 0 0 527 1.17 22.7

115 0 0 511 1.14 22.1

116 0 0 497 1.11 21.5

117 0 0 484 1.08 20.9

118 0 0 471 1.05 20.3

119 0 0 458 1.02 19.8

120 0 0 447 1.00 19.3

Notes:
1 Streamflow depletion rate was calculated using the US Geological Survey code STRMDEPL08 (Reeves, 2008) based on the method    
     introduced by Hunt (1999) for a partially penetrating stream with streambed resistance.
2 Elapsed time refers to the duration of continuous pumping in the hypothetical new production well.   
cfs = cubic feet per second; K = hydraulic conductivity
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Streamflow Depletion Percentage

Figure C-1

Notes:

Alternative Groundwater Supply Assessment
City of Airway Heights, Washington

1. Streamflow depletion rate was calculated using the US Geological Survey code STRMDEPL08 (Reeves, 2008) based 
on the method introduced by Hunt (1999) for a partially penetrating stream with streambed resistance.
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APPENDIX D 
REPORT LIMITATIONS AND GUIDELINES FOR USE1  

This appendix provides information to help you manage your risks with respect to the use of this report.  

Hydrogeologic Services are Performed for Specific Purposes, Persons and Projects 

This report has been prepared for use by Century West Engineering Corporation. This report may be made 
available in its entirety to others for information only. This report is not intended for use by others, and the 
information contained herein is not applicable to other sites.  

GeoEngineers structures our services to meet the specific needs of our clients. For example, a 
hydrogeologic study conducted for a civil engineer or architect may not fulfill the needs of a construction 
contractor or even another civil engineer or architect that are involved in the same project. Because each 
hydrogeologic study is unique, each hydrogeologic report is unique, prepared solely for the specific client 
and project site. No one except Century West Engineering Corporation should rely on this report without 
first conferring with GeoEngineers. This report should not be applied for any purpose or project except the 
one originally contemplated. 

A Hydrogeologic Report is Based on a Unique Set of Project-Specific Factors 

This report has been prepared for the water system operated by the City of Airway Heights, Washington. 
GeoEngineers considered a number of unique, project-specific factors when establishing the scope of 
services for this project and report. Unless GeoEngineers specifically indicates otherwise, do not rely on 
this report if it was: 

■ not prepared for you, 

■ not prepared for your project, 

■ not prepared for the specific site explored, or 

■ completed before important project changes were made. 

If important changes are made after the date of this report, GeoEngineers should be given the opportunity 
to review our interpretations and recommendations and provide written modifications or confirmation, as 
appropriate. 

Subsurface Conditions Can Change 

This hydrogeologic report is based on conditions that existed at the time the study was performed. The 
findings and conclusions of this report may be affected by the passage of time, by manmade events such 
as construction on or adjacent to the site, or by natural events such as floods, earthquakes, slope instability 
or groundwater fluctuations. Always contact GeoEngineers before applying a report to determine if it 
remains applicable.  

 

1 Developed based on material provided by ASFE, Professional Firms Practicing in the Geosciences; www.asfe.org.  
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Most Hydrogeologic Findings Are Professional Opinions 

Our interpretations of subsurface conditions are based on field observations from widely spaced sampling 
locations at the site. Site exploration identifies subsurface conditions only at those points where subsurface 
tests are conducted or samples are taken. GeoEngineers reviewed field and laboratory data and then 
applied our professional judgment to render an opinion about subsurface conditions throughout the site. 
Actual subsurface conditions may differ, sometimes significantly, from those indicated in this report. Our 
report, conclusions and interpretations should not be construed as a warranty of the subsurface conditions.  

A Hydrogeologic Report Could Be Subject to Misinterpretation 

Misinterpretation of this report by other design team members can result in costly problems. You could 
lower that risk by having GeoEngineers confer with appropriate members of the design team after 
submitting the report. Also retain GeoEngineers to review pertinent elements of the design team's plans 
and specifications. Contractors can also misinterpret a hydrogeologic report. Reduce that risk by having 
GeoEngineers participate in pre-bid and preconstruction conferences, and by providing construction 
observation. 

Read These Provisions Closely 

Some clients, design professionals and contractors may not recognize that the geoscience practices 
(geotechnical engineering or hydrogeology) are far less exact than other engineering and natural science 
disciplines. This lack of understanding can create unrealistic expectations that could lead to 
disappointments, claims and disputes. GeoEngineers includes these explanatory “limitations” provisions in 
our reports to help reduce such risks. Please confer with GeoEngineers if you are unclear how these “Report 
Limitations and Guidelines for Use” apply to your project or site. 
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