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1.0 INTRODUCTION AND PURPOSE 

The purpose of the storage assessment is to determine the feasibility of storing water during periods 
of “excess” capacity, for use during periods of limited capacity to mitigate current or future impacts 
to streamflows, provide new water supply, and/or to improve habitat.  This assessment considers the 
type of storage projects that would be useful in WRIA 55 (Little Spokane Watershed) and WRIA 57 
(Middle Spokane Watershed), given the current and future water supply and demand.   It includes: 

¶ A general overview of types potential storage, including off-channel and on-channel storage, 
underground storage, enlargement or enhancement of existing storage; 

¶ A discussion of issues associated with developing storage, including potential environmental 
effects;

¶ An inventory of existing storage facilities, available infrastructure, and storage volumes; and, 

¶ An overview of potential storage projects in WRIA 55 and 57 

Based on this overview, the Planning Unit will be able to select options and/or areas for more detailed 
assessment in the second part of the study, in which detailed storage assessments would be conducted. 

By convention, storage projects are typically developed in volumetric units, acre feet (AF), or million 
gallons (MG).  Units of AF are used in this report.  One AF of water is equivalent to 0.33 MG of 
water and can sustain a flow of one cubic feet per second (cfs) for approximately half a day, or 
provide a supply of 0.6 gallons per minute for one year. 

1.1 Objectives of the Storage Assessment 

RCW 90.82.070 identifies the intended objectives of the storage assessment component of watershed 
planning: 

“The objective of these strategies is to supply water in sufficient quantities to satisfy the 
minimum instream flows for fish and to provide water for future out-of-stream uses … and to 
ensure that adequate water supplies are available for agriculture, energy production, and 
population and economic growth under the requirements of the state's growth management 
act, chapter 36.70A RCW. “ 

In general water storage can be used for several purposes: 

1. To offset current demands on existing systems. 

2. To offset future demands on existing systems. 

3. To apply to new water uses in new or expanded systems. 

4. To enhance streamflows. 

Enhancement of streamflows or prevention of further impacts to streamflows is typically a benefit of 
managing storage for existing or future uses. 

Based on the results of Watershed Planning work completed in WRIA 55 and 57 as well as 
conversations with Spokane County the following specific list of objectives was developed and 
presented to the Planning Unit in a Memo dated June 8, 2004.  These objectives provide a more 
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focused basis from which to evaluate locations, timing, amounts and types of storage as well as 
determine what types of storage can meet multiple objectives.   

The objectives are presented below for each WRIA.   

WRIA 55:

¶ Offset potential impacts on streamflow from future water supply development under 
existing water rights. 

¶ Offset potential impacts on streamflow of future water allocations (new water rights). 

¶ Prevent the interruption of exercise of junior water right holders during dry years in 
WRIA 55.

¶ Prevent poor quality groundwater from impacting water supply wells in the Deer Park 
area of WRIA 55. 

¶ Improve flow-based aquatic habitat (for example flows for passage, and redd coverage) 
where flow is a potentially limiting factor. 

¶ Improve flow related surface water quality problems.   

WRIA 57

¶ Offset potential impacts on streamflow from future water supply development under 
existing water rights. 

¶ Offset potential impacts on streamflow of future water allocations (new water rights). 

¶ Use reclaimed water for groundwater recharge in WRIA 57. 

¶ Improve aquatic habitat through increased flows (for example flows for passage, and redd 
coverage) where flow is a potentially limiting factor. 

¶ Improve flow related surface water quality problems.   

1.2 Water Storage Task Force

The water storage task force was convened by Ecology in 2000 to examine the role of increasing 
water storage in water resources management.  The report to the legislature provides valuable 
information on storage and is included as Appendix A. 

During the legislative session, the definition of a storage “reservoir” was expanded to include 
underground formations.  This led to the development of permitting for Aquifer Storage and 
Recovery or “ASR” projects.  A 2001 report to the legislature provides information on ASR and is 
provided in Appendix B. 

1.3 Water Storage SEPA Elements Related to RCW 90.82  

WDOE has addressed six potential water storage alternatives in its programmatic EIS for watershed 
planning, as described below. 

Alternative WP 19:  Construct and operate new on-channel storage facilities.  Under this alternative, a 
water storage facility would be created by impounding a river or stream. On-channel storage facilities 
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could include large reservoirs on the mainstem of major rivers as well as small reservoirs on tributary 
streams. Construction could involve creation of an earthen dam or a concrete dam. 

Alternative WP 20:  Raise and operate existing on-channel storage facilities.  Under this alternative 
the capacity of an existing on-channel reservoir would be increased by raising or enlarging the 
impoundment structure. 

Alternative WP 21:  Construct and operate new off-channel storage facilities.  Under this alternative, 
an impoundment structure, either earthen or concrete, would be created in an upland location. Water 
would be diverted or pumped from a river to an off-channel location for storage. 

Alternative WP 22:  Raise and operate existing off-channel storage facilities.  Under this alternative 
the capacity of an existing off-channel reservoir would be increased by raising or enlarging the 
impoundment structure. 

Alternative WP 23:  Use existing storage facilities for additional beneficial uses.  Operation of a 
storage facility constructed to provide water for one specific beneficial use or group of uses could be 
modified to provide water for additional beneficial uses. For example, use of a storage facility 
originally constructed for municipal water supply could be expanded to supply water for irrigation or 
to provide additional flows for fish during critical life stages. 

Alternative WP 24:  Construct and operate artificial recharge/aquifer storage.  Aquifer storage and 
recovery involves introducing water, usually surface water from rivers, into an aquifer through 
injection wells or through surface spreading and infiltration. The introduced water is stored in the 
aquifer until needed and then withdrawn from the aquifer through wells for beneficial use. Water to 
be stored in an aquifer must meet the state’s ground water quality standards, Chapter 173-200 WAC. 
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2.0 STORAGE NEEDS 

Quantification of the amount, timing and location of storage needs is necessary to evaluate the 
relative benefit of specific storage options.  At this time the WRIA 55 and 57 planning unit have not 
specified a single storage need, but have identified through the planning process, several potential 
purposes for which stored water could be used beneficially.  This section summarizes these purposes 
in terms of storage.

Prevent the interruption of exercise of junior water rights during dry years in WRIA 55

Water rights issued subsequent to the adoption of an instream flow rule (junior water rights) are 
interruptible during low flow conditions in order to retain water in the river.  In the Little Spokane 
River, during July 1 through September 15, such regulation is triggered when flows at Dartford fall 
below 115 cfs.  In the past junior water rights holder have received a notice of interruption in ten of 
the past 24 years:  1980, 1981, 1986, 1987, 1989, 1994, 1995, 2001, 2002, and 2003.  This is 
approximately twice as often as might be anticpated given that minimum instream flow regulations 
were based on flows that were historically met four our of five years.  

The total number and quantity allocated to water rights junior to instream flow is shown in Table 2-1.  
Quantities are grouped by the first compliance point (compliance points are specified in WAC 173-
555) that they affect.  Figure 2-1 displays the location of the control points. 

A conservative estimate of storage necessary volume can be developed by assuming the instantaneous 
flow rate for each water right is used continuously and for fully consumptive purposes throughout the 
low flow period (July 15 to Sep 15).  This assumption results in a total storage need of approximately 
1,000 AF annually on the Little Spokane River. 

Storage for the purpose of mitigating the exercise of junior water rights should be located upstream of 
the points of exercise  of the water rights.  The higher in the drainage the delivery point(s) is located, 
the greater the length of river benefit length.  Measurement of flows for MISF compliance currently 
occurs on the Little Spokane River at Dartford, therefore mitigation of impacts on streamflow at a 
minimum must be realized at this point under current enforcement practices. 

Offset potential impacts from future water supply development under existing water rights

Water supply development under existing water rights is evaluated in the Phase 2 Watershed 
Assessment in two forms:  20-year growth projections and full use of municipal and domestic water 
rights (Figure 2-2).  Watershed model simulations show that impacts on stream flow are less than the 
full rate of groundwater withdrawals.  Therefore mitigation of impacts may require less water than is 
withdrawn.

In order to evaluate the impact on stramflow and groundwter elevation due to these development 
condtions the Spokane Watershed Model was used.  The model results (currently in draft) predict 
changes in streamflow and groundwter over time due to changes in withdrawals and land use changes 
associated with growth. 

Model-predicted streamflow changes on the Little Spokane River and Spokane River were converted 
to a total volume assuming supplemental storage was needed for either a 2 month (August and 
September) or 4 month (July through October) period.  The period was selected based on the timing 
of low flows in the watersheds (Table 2-2). 
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The point of delivery of stored water can be selected to mitigate flows at existing instream flow 
monitoring points and provide the most benefit of other flow objectives (such as water quality and 
aquatic habitat flows.  A delivery point higher in the watershed would provide the greatest stream 
reach of benefit.

Offset potential impacts of future allocations

This objective is closely related to the previous objective.  It varies only in that it assumes the storage 
would be applied to mitigation of impacts caused by allocation of new water rights.  Storage designed 
to fulfill this objective may be used for direct water supply and/or for mitigation of impacts associated 
with the allocation of additional water rights.  While the volume of future water right allocations is 
unknown, current applications for new water rights in WRIA 55 and 57 provide context (Table 2-3 
and Figure 2-3). 

Improve flow-based aquatic habitat (for example flows for fish passage) where flow is a potentially 
limiting factor

Flow based aquatic habitat was evaluated as part of the Little Spokane River Instream Flow 
Assessment (Golder, 2003).  Part of the assessment process involved identifying critical habitat 
reaches of interest for indicator species (rainbow trout and maintain white fish; Figure 2-1) and 
include portions of: 

¶ Dragoon Creek,; 
¶ Little Deep Creek; 
¶ Deer Creek; 
¶ Bear Creek;    
¶ Otter Creek;  
¶ Little Spokane River; and, 
¶ West Branch Little Spokane River. 

Reaches of the Little Spokane, River, Deadman, Dragoon and Otter Creek were included as part of 
tne instream flow assessment, and have reccommendations for flows which will provide sufficient 
spawning and rearing habitat area.  However, continuous historical gaging records are not available 
from which to determine the frequency with which these flows are met.  Therefore there is no 
predetermined quantity associated with this option only the recognition that storage options located in 
basins serving these creeks could supplement flows for aquatic habitat due to either current or future 
needs, and/or mitigating current and/or future streamflow impacts. 

WRIA 57 also contains aquatic habitat that may benefit from increased flows.  An instream flow 
assessment has occurred as part of the Avista Relicensing of Spokane River Hydroelectric Project and 
will provide insight into discharge levels which provide sufficient flows for spawning in the free-
flowing reach above Upriver Dam and downstream of the Monroe Stree Hydroelectric facility.  
Results of this report are likely to influence the amount of flow required to be released into the 
Spokane River from lake Coeur d’Alene durng the controlled period (June – September) under 
Avista’s FERC license.

Improve flow related surface water quality problems  

Surface water quality problems exist in several reaches of the WRIA 55 and 57.  Draft State Water 
Quality Assessment results provide an indication of where these problems exist and are shown in 
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Figure 2-4.  Affected reaches are shown by  category, where category 5 indicates “303(d)” listings for 
2002/2004, category 4 indicates reaches which have or are working on TMDL’s or pollution control 
plans and category 2 indicates reaches that are not listed but are considered of “concern”.

Supplementing streamflow with stored water of suitable quality during low flow periods can, 
potentially, improve water quality conditions that are exacerbated by low flows.  Determination of the 
amount and delivery point of stored water necessary specifically for water quality purposes must 
completed on a case by case basis.  The success of improving water quality is dependant on the 
quality and quantity of the stored water released into the stream.   

Total Maximum Daily Loads (TMDLs) are being developed for dissolved metals (cadmium, lead, and 
zinc), phosphorus, and biochemical oxygen demand on the Spokane River.  Additionally, there is  a 
draft Use Attainability Analysis for dissolved oxygen in the Spokane River.     

Use reclaimed water for groundwater recharge in WRIA 57

Spokane County is finalizing details for a new regional waste water treatment plant, the Spokane 
County Regional Treatment Plant (SCRTP).  Currently plans for the SCRTP include an location 
outfall location in the Spokane River, but there is interest in reclaiming this water for aquifer injection 
with the potential benefit being streamflow (augmentation indirectly through recharge to groundwater 
and subsequent seepage to stream channels) and/or maintaining the groundwater balance in concert 
with groundwater withdrawals. "Reclaimed water" means effluent derived in any part from sewage 
from a wastewater treatment system that has been adequately and reliably treated, so that as a result 
of that treatment, it is suitable for a beneficial use or a controlled use that would not otherwise occur 
and is no longer considered wastewater (RCW 90.46.010). 

The location of the wastewater treatment plant has not yet been finalized, but the two locations being 
evaluted are in the vicinity of Greene and Mission Street.  In this area, an abandoned gravel pit at 
Broadway and Havana Streets has been identified as a potential locaton of infiltration and recharge to 
the Spokane Valley Aquifer.  The planned initial maximum-month capacity of the SCRTP is 8.5 mgd 
(~ 13 cfs) in 2007, and a full build out capacity of 12.6 mgd (~ 19 cfs) for future growth (projected 
between 2015 and 2022).  

This option would entail determing the location for recharge which provides the greatest benefit with 
the least impacts to existing uses, including wellhead protection considerations. 

Recharge of surface water to improve groundwater quality in the Deer Park area of WRIA 55 

Groundwater monitoring in the Deer Park aquifer show elevated levels of nitrates in both the shallow 
and deep basalt aquifers.  Recharge of surface water may be used to reduce the concentrations of 
nitrates in the affected groundwater by diversion or replacement of the flow of groundwater to 
drinking water wells.  The point, timing and quantity of delivery would be determined by 
groundwater gradients. 
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3.0 SURFACE WATER STORAGE ALTERNATIVES 

This section provides an overview of types of surface water storage alternatives including on-channel 
and off-channel reservoirs small impoundments and wetlands. 

3.1 Reservoirs and Impoundment Concepts 

There are two types of reservoirs: on-channel and off-channel reservoirs.  On-channel reservoirs are 
situated on the main stem of a river or stream and are filled by the flow from an upstream watershed.  
Off-channel reservoirs are located completely off a perennial stream channel and are filled by 
overland flow or pumped from a nearby source. 

There are benefits and drawbacks to each reservoir type.  Benefits of an on-channel reservoir may 
include flood control, and a plentiful source of water.  Drawbacks potentially include being a barrier 
to fish passage, population and infrastructure relocation and requirement of large spillways and outlet 
works, and sediment infilling.  Benefits of an off-channel reservoir may include being located in a 
non-environmentally sensitive area, not being a barrier to fish passage and needing smaller spillways 
and outlet works.  Drawbacks may include the need to construct infrastructure to convey water to and 
from the reservoir, and higher construction, operations and maintenance costs, and reservoir leakage 
and seepage is often a larger problem (Ecology, 2001). 

For any reservoir to be successful, it must be located at a site that allows for construction of a safe 
dam, have a catchment or conveyance infrastructure large enough to reliably refill the reservoir, and 
provide enough water to be beneficial.  Choosing a site can be difficult.   

The state Dam Safety Office can exempt dams with less than 10 AF of storage and less than six feet 
of dam height from more rigorous permitting requirements.  The impoundment must be filled with 
water that is obtained under an existing, valid water right.  Development and use of the water from 
the impoundment does not require a water right holder to change, transfer or amend any existing 
water right (RCW 90.03.380). 

Appendix A contains a variety of useful information and terminology related to dams and 
impoundments.  The Water Storage Task Force Report to Legislature in Appendix A. 

3.2 Availability of “Excess” Surface Water for Storage 

A preliminary estimate of the amount of water available for storage can be determined by classifying 
the amount of flow over the instream flow requirement as “excess” which could be withdrawn from 
the river for storage and beneficial use.   

The flow records for the Little Spokane River and the Spokane River were analyzed for the range in 
volumes of “excess” water.  This was done by subtracting the minimum instream flow requirement 
(MISF) from the 10%, 50% and 90% 7-day average exceedance flow at each station.  If the 
exceedance flow was less than the instream flow requirement, then no excess water was available.  
Differences were then averaged over the month for an average daily volume of “excess” water 
per month.  Exceedance flows represent the probability of a certain flow occurring at a certain 
location.  For example a 90% exceedance flow of 100 cfs on the Little Spokane River at Dartford in 
August indicates that, historically, nine out of ten times August flow is equal to or greater than 
100 cfs.
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3.2.1 Spokane River

The Spokane River is the primary source of water in WRIA 57.  Though the majority of water used in 
the watershed is not withdrawn from the Spokane Valley Aquifer, the aquifer is in close hydraulic 
continuity with the river.  Therefore surface water withdrawals can quickly affect groundwater levels 
and vice versa. 

Instream flows have not, at this time, been set for the Middle Spokane River Basin.  However, the 
Washington Department of Fish and Wildlife suggested a minimum flow target of 2,000 cfs in 1999 
at USGS gage station 12422500, Spokane River at Spokane, based on the minimum streamflows 
recorded at the Spokane gage prior to the construction of the Post Falls Dam.  This value may be 
affected by Federal Energy Regulatory Committee (FERC) relicensing that is currently occurring for 
Avista’s Spokane River Hydroelectric Project. 

Daily volumes of water for the Spokane River at Spokane (12422500) are shown in Figure 3-1.  In 
general there is a large amount of water available during the spring melt, even in dry years.  The 
greatest-volumes of water available in “excess” of instream flows between April and June range from 
approximately 3,800 AF/day (June, 90% curve) in dryer periods, to more than 50,000 AF/day in wet 
periods (May, 10% curve).  Comparisons with the 50% exceedance flow indicate the largest volumes, 
over 20,000 AF/day, are likely to be available in April, May or June, about 10,000 AF/day is likely to 
be available in March, and over 6,000 AF/day in February.  

3.2.2 Little Spokane River

Minimum Instream Flows (MISF) have been established for four points on the Little Spokane River 
system including the abandoned Elk gaging station, Chattaroy, at Dartford, and near Dartford (WAC 
173-555).  The Little Spokane River is primarily gaining throughout its length with the largest 
gaining reach occurring between the “at” Dartford and “near” Dartford gages due to spring discharge 
from the Spokane Aquifer through the Hillyard Trough. 

3.2.2.1 Little Spokane River near Dartford, WA 

Daily volumes of water for the Little Spokane River near Dartford (12431500) are shown in 
Figure 3-2.  The greatest volumes of water are available between March and May and range from 
approximately 80 AF/day (March, 90% curve) in dryer periods to more than 1,900 AF/day in wet 
periods (April, 10% curve). 

3.2.2.2 Little Spokane River at Dartford, WA 

Daily volumes of water for the Little Spokane River at Dartford (12431000) are shown in Figure 3-3.  
The greatest volumes of water are available between March and May and range from approximately 8 
AF/day (April, 90% curve) in dryer periods to more than 1,800 AF/day in wet periods (April, 10% 
curve).

3.2.2.3 Little Spokane River at Chattaroy, WA 

Daily volumes of water for the Little Spokane River at Chattaroy are shown in Figure 3-4.  The 
greatest volumes of water are available in February through March and range from having no excess 
water in March (90% exceedance flow) in dryer periods to more than 790 AF/day in wet periods 
(March, 10% curve). 
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3.2.2.4 Little Spokane River at Elk, WA 

Daily volumes of water for the Little Spokane River at Elk (12427000) are shown in Figure 3-5.  The 
greatest volumes of water are available between March and May and range from approximately 
5 AF/day (March, 90% curve) in dryer periods to more than 130 AF/day in wet periods (April, 90% 
curve).

3.3 Overview of Regulatory, Technical and Economic Requirements 

Typical technical study needs for a surface water reservoir include: 

¶ Geotechnical Site Investigation:  Includes geotechnical test pits or subsurface borings 
evaluating geology within the impoundment area and around the outlet structure area of 
lake.  Determination of subsurface conditions for foundation of dike structures, 
subsurface seepage issues (i.e., within the impoundment area and at specific locations), 
evaluation of requirement of cut-off walls, etc.; 

¶ Site Survey and Land Use Analysis:  Option includes either land survey or aerial survey 
of lake perimeter and dam structure area of development of engineering grade 
topographic data.  Data is used for evaluation of land impacts due to increased water 
surface elevations, and design of dam structure; 

¶ Hydrological Study:  Includes assessment of inflow/outflow regime, flood flow, 
operational rule curves, and carry-over storage; 

¶ Engineering Design of the Dam:  Includes all aspects of analysis/evaluation of dam and 
corresponding wing dikes for raising water levels, as well as subsurface cut-off wall 
requirements addressing subsurface seepage; 

¶ Securing of Water Rights:  To be secured prior to dam design permit application, and 
may be greatly facilitated if diversions are restricted to high flow periods; 

¶ Permitting of Dam Structure and reservoir:  Highly variable but usually involves multiple 
state and federal permits – may be facilitated if less than 10 AF storage and less than six-
foot high; and, 

¶ Construction or Modification of Dam:  Geotechnical and design phase will determine 
final construction requirements. 

3.3.1 Treatment and Conveyance Requirements

Surface water storage for direct potable supply requires a full treatment plant to meet safe drinking 
water standards and is not considered further here because the purpose is assumed to be for 
environmental benefits and mitigation of impacts caused by existing and/or future water uses.  
Storage for agricultural supply or streamflow mitigation does not typically require comparable water 
quality requirements. 

Storage facilities may require conveyance infrastructure to supply water to the reservoir and/or 
conveyance to the area where it’s needed.  For example a flow of 40 mgd with a peaking capacity of 
60 mgd would typically require 42-inch diameter pipelines to convey flow.     
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3.3.2 Permitting/Legal Constraints 

Construction of new surface water storage or expansion of existing facilities would likely involve 
multiple federal and state agency approvals and can require a lengthy budget, study, and authorization 
process.   The Judy Reservoir expansion, which increased the reservoir from 1,700 AF to 4,500 AF, 
took 11 months to permit (Ecology, 2001) and cost over $1.3 million (includes planning, permitting, 
deign and legal fees).  Potential permits and approvals that may be required include: 

¶ SEPA or NEPA (State/National Environmental Policy Act; WDOE); 

¶ Hydraulic Project Approval; 

¶ 401 Water Quality Certification; 

¶ US Army Corps of Engineers 404 Permits (Discharge of Dredge and Fill); 

¶ Washington Department of Fish and Wildlife mitigation; 

¶ Water Quality Modification (WDOE); 

¶ Water Rights (WDOE); 

¶ Dam Safety (WDOE); 

¶ Hydraulics Permit (WDFW); 

¶ County Construction and Land Use permits; and, 

¶ Other local permits. 

Dams or reservoirs have a long history of both real and perceived negative environmental impacts.  
(Ecology, 2001).  New dams or expansion of existing dam facilities will introduce additional political 
complexities with the general public, affected purveyors and local governments, creating both 
opportunities and challenges.  Dams and reservoirs require an extensive public outreach effort, and 
need to be developed in an open and cooperative environment.  Land use and the inherent 
environmental impacts of constructing a dam can often overwhelm the technical feasibility or benefit 
of a new or expanded reservoir.  However, dams and reservoirs have a proven history in the water 
supply field, and could play an important role in storing water for both human and ecological needs. 

3.3.3 Economics

Comparative cost data for new dam and reservoir projects was assembled for the Water Storage Task 
Force in 2001.  Storage projects ranging from 80 to 800,000 AF were evaluated.  Costs reported for 
dam enlargements ranged from $200/AF for a 500 AF small dam raise in the Methow Basin, to 
$5,300/AF for the 1,700 AF Judy Reservoir enlargement.  Costs for new reservoirs in Washington 
State ranged from $1,695/AF for the Zintel Canyon Dam to $13,280/AF for the Rosa Wasteway 6 Re-
regulation Reservoir.   New dams tend to cost more than raising existing dams.  Free market values 
for water rights provide some perspective of the total cost.  Water rights have been exchanged for at 
rates of between $600 and $3,000 per AF/yr. 

Costs for major conveyance systems vary, and additional engineering analysis is needed to prepare 
more detailed cost estimates.  For example, prices for HDPE (High Density Polyethylene) pipe range 
from $13 to $67 per linear foot for a 24 to 60 inch pipe and installation costs range from $16 to $76 
per linear foot depending on installation environment (Hancor Eastern Washington Rep).  Costs for 
pumps can be well over $100,000 if pumping needs to occur over significant elevation.  For example 
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a pump to convey 18,000 gpm, 30 feet in elevation is $100,000 (Beckwith and Kuffel pump 
representative). 

3.4 Potential Surface Water Storage 

This section looks at specific potential surface storage in WRIAs 55 and 57 including existing dams 
and natural lakes, new surface water storage locations, wetlands and small impoundments.   

Many entities were contacted in an attempt to gather more information on the lakes and dams under 
consideration including Spokane County, the Washington Department of Ecology’s Dam Safety 
Office, the City of Deer Park, Spokane County Conservation District and the Newman Lake Flood 
Control Zone District.  Often an address was recorded for a dam but no contact information could be 
located in local phone books.  USGS 7.5’ topographic quads were used to evaluate spatial information 
at each location.  The dates of the topographic quads referenced range from the 1970s to the 1990s, 
and are important with respect to the resolution and accuracy of the data. 

Several factors were taken into account when evaluating a site for additional storage.  The following 
criteria were used to eliminate alternatives from further consideration:  

¶ The location is used for some type of wastewater treatment;   

¶ Dam or lake is unable to be located on a topographic map or through sources described 
above;

¶ Dam or lake is located such that additional storage would likely be restricted (e.g. 
Wandermere Lake Dam is located in a golf course;  

¶ A significant number of buildings and docks exist along the lake shore.  Almost all natural 
lakes of a significant size had varying densities of houses along the shore; 

¶ Development is owned and operated by Avista Utilities.  Avista owns, from upstream to 
downstream on the Spokane River, Post Falls, Upper Falls, Monroe Street and Nine Mile 
hydroelectric dam (HED), of which Upper Falls and Monroe Street are in WRIA 57.  The 
Spokane River HEDs are operated in a coordinated fashion as run-of–river facilities and do 
not currently have significant storage available.  Lake Coeur d’Alene, the source of the 
Spokane River in Idaho, is the primary storage reservoir with over 225,000 AF of useable 
storage (Avista IIP, 2003).  Avista is in the process of seeking a new operating license for the 
Spokane River HEDs, the current license expires on July 31, 2007.  Results of this relicensing 
may have some impact on Spokane River flow.  Because of the coincident FERC relicensing 
process, discussion of storage in Avista operated dams is not considered as part of this 
storage assessment; and, 

¶ Studies to increase storage in the reservoir have already been unsuccessful.  The City of 
Spokane’s Upriver Dam is operated as a run-of-river dam in a coordinated manner with other 
Avista operated dams on the river.  Topography in the Spokane River reach upstream of the 
dam indicates there may be room for additional storage.  The City of Spokane had applied to 
FERC for a 0.5 ft increase in reservoir water surface elevation and was denied due to habitat 
concerns (pers comm.  Lloyd Brewer, 2004).  Therefore it is assumed that modification of 
this dam for storage purposes is not an option. 

Additional considerations that were noted for remaining dams and lakes include the size, location of 
roads and railroads, and whether the dam is likely in continuity with the local aquifer, which would 
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indicate that leakage might be a problem.  While leakage from a reservoir can be serious impediment 
for a water supply facility, it could represent a potential for infiltration and streamflow augmentation.  

USGS 7.5’ Topo quads (contour interval of 20 ft or 40 ft above current stage) were used to evaluate 
site topography at each potential dam location and estimate the following: 

¶ Additional storage capacity for dam heights of 20 and 40 feet (where this elevation was 
feasible);

¶ Dam crest length for each depth; and, 

¶ The ratio of dam crest length to storage volume.  This ratio provides a sense of the relative 
costs of storage.  A longer dam would generally require more material and associated higher 
cost, assuming the upstream and downstream slopes are the same. 

At this stage in the storage assessment a specific amount of storage has not been identified for which 
stored water will be used.  The range of identifiable storage needs, as discussed in Section 2, range 
from 1,600 to 4,700 AF (ignoring new water right applications) in WRIA 55 and 19,000 to 51,000 AF 
in WRIA 57 (ignoring potential new water right applications).  In WRIA 55 new or expanded dams 
that supplied less than 1,000 AF were not considered.  In WRIA 57 it is unlikely that a surface facility 
could be located to store the minimum amount of water calculated, additionally groundwater is the 
largest form of storage in the basin so the minimum of 1,000 AF for surface storage was also used.   

For reference, 1,000 AF can sustain a flow of approximately 8.5 cfs for approximately two months. 

3.4.1 Existing Dams

A summary of existing dams in WRIA 55 and 57 is provided in Table 3-1.  This table provide basic 
information including the stream channel on which the dam is located, whether it is off-channel, 
owner and owner type (if applicable), the type of dam, dam purpose, date built, crest length, height, 
max storage, normal storage, surface area, drainage area, downstream hazard, and regulating authority 
are provided.  The crest length is defined as the distance along the top of the dam. Dam height is 
measured from the lowest point of the original stream channel to the lowest point of the crest of the 
dam.  The maximum storage is the space in the reservoir at the crest level.  The normal storage is the 
space in the reservoir at the normal retention level (elevation where the water level in the reservoir is 
normally kept) including unusable and dead storage, and the surface area is measured at normal 
storage water surface elevation.  The drainage area is the area above the dam that contributes runoff 
to the volume of water in the dam.  The downstream hazard is a term used to describe the potential 
hazard to structures downstream of the dam in the event of a dam failure.  The locations of existing 
dams are shown on Figure 3-6.  

The initial screening of dams resulted in the removal of all but Ponderosa Lake Dam and Newman 
Lake Dam from additional assessment.  Newman Lake Dam would have been removed due to 
buildings and docks along the lake and anticipated public resistance, but this lake was specifically 
identified in the scoping of this work as a potential alternative due to its location, size and existing 
infrastructure.  The reason behind removal of each dam is indicated in the reason removed column of 
Table 3-1. 

The equivalent flow that would have to be diverted from each creek to incrementally fill each dam is 
shown in Table 3-3.  The values given are the continuous flow that would have to be diverted to 
achieve 20 or 40 feet of additional water surface elevation either over the entire year or over any one 
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month.  These values present the general range of diversion rates that would be necessary.  In 
WRIA 55 and 57 a storage reservoir would likely be filled between March and June when the highest 
flows are available. 

Brief descriptions of the dams reviewed are presented below along with any additional information 
that is considered relevant. 

3.4.1.1 Ponderosa Lake 

Ponderosa Lake is located in Stevens County on Beaver Creek a tributary of the West Branch Little 
Spokane River. The recorded owner is Kedric Baker.  Estimated storage for this lake ranged from 
2,090 to 6,630 AF and the dam crest length to storage capacity ratio is the lowest of all the options, 
which is favorable.  The National Inventory of Dams (NID) indicates this dam is used for recreation 
and no structures or docks are visible near the lake shore.  The geology in this location indicates the 
lake may be underlain by alluvium near the inlet of the lake but underlain by basement near the outlet 
and it appears to be surrounded by crystalline basement and therefore may be a good location for 
additional water storage.  Flow data for Beaver Creek is not available so it is not clear whether 
additional storage in the reservoir could be naturally filled or whether it would require conveyance 
from nearby rivers.  The West Branch Little Spokane River and Horseshoe Lake are approximately 
1.5 miles away and could provide additional water for storage if pumped. 

3.4.1.2 Newman Lake 

Newman Lake is fed by Thompson Creek originating at the base of Mount Spokane.  The lake is 
primarily used for recreation and is managed by the Newman Lake Flood Control Zone District.  The 
district provided Golder with information on the dam.  Normal operation is to hold the water surface 
at 2,123 feet until mid March or early April (when the ice has come off the lake and after watershed 
snowmelt has peaked).  Then the water level is gradually increased to the maximum storage goal 
elevation of 2,125.6 feet by May 31.  After that time, the water level is allowed to drop (primarily due 
to evaporation and groundwater losses) until October 1 when the lake level is drawn down to 
2,123 feet.  If needed, spring releases are made to reduce flooding.  The dam is designed to provide 
2 feet of freeboard over the 100-year lake elevation of 2,127’.  The 1.6 mile long dam is made of 
native peat soils, except near the outlet structure and is prone to settling.  The dam spillway directs 
water into a man-made channel ultimately discharging to a 40 acre sump (of which 7 acres is 
maintained gravel bed) almost 4 miles south of the lake near Trent Road where the water infiltrates.  
Maximum infiltration in the sump area is recorded at 425 cfs.  Several homes and docks are located 
along the shores of Newman Lake, and when the water elevation is over 2125.6’ residents report 
flooding problems. 

Newman Lake Flood Control Dam has the largest normal storage of all dams in WRIA 57 with an 
additional 35,040 AF of storage with a 20 foot dam and 81,120 AF of storage with a 40 ft. dam.  It 
should be noted that this additional storage assumes the existing dam can be raised, this may not be an 
option due to the materials (native peat) used in the existing dam and would likely require excavation 
and construction of a new dam.  The lake would have been removed from further consideration in this 
study due to the density of housing along the shore, but its location and existing infrastructure made it 
a candidate for additional analysis.    

Operational changes to the existing dam could be used for groundwater recharge/Spokane River flow 
augmentation.  For example, normal storage and surface area are defined as 8700 AF (includes dead 
and unusable storage) and 1,200 acres respectively, normal operation is 2.6 ft which could be equated 
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to at least 2,000 AF of useable storage (without exact bathymetry this cannot be calculated).  A usable 
storage of 2,000 AF could sustain a streamflow augmentation of approximately 17 cfs for 60 days.  

Alternatively, the Newman Lake Flood Control District sump could be evaluated as a potential 
groundwater recharge area for flows from the Spokane River.  This option would be similar to the 
Spokane Watershed Model Injection Scenario. 

3.4.2 New Dams

Potential new dam locations were evaluated using:  1) locations of existing natural lakes; 2) new off-
channel locations where aquatic habitat was not recorded as critical (Figure 2-1) with crystalline 
basement as the surficial geology. 

3.4.2.1 Natural Lakes 

Existing unregulated lakes are summarized in Table 3-2.  This table provides basic information 
including the inlet and outlet stream channel on which the lake is located and whether it is off-
channel, surface area and volume (if available).  Expansion of in-channel storage may present a more 
difficult permitting process.  If a lake is at the end of a stream or river it is labeled as a “Terminal 
Lake” and presents an opportunity for facilitated permitting.  All of the lakes listed had at least some 
roads or structures within 40 feet of elevation of the lake.  Fifteen of the natural lakes had large 
densities of buildings and or docks along the shore and therefore were considered unsuitable for 
additional storage.   The remaining three showed low structure densities around the lakes, few roads 
and the surrounding geology was crystalline basement.  Descriptions of the lakes and potential 
development are described below. 

3.4.2.1.1 Chain Lake 

Chain Lake is on the Little Spokane River in Pend Oreille County just north of the Spokane County 
Line.  Existing data on the extent of the Little Spokane River aquifer and regional geology indicates 
that this lake does not overly the aquifer but overlies alluvium and is surrounded by crystalline 
basement.  There are some buildings near the center of the lake with a road leading towards them; 
additionally the Burlington Northern Railroad line goes along the northwest side of the lake.  These 
two issues would restrict elevation increases to an estimated amount of 15 feet (contour intervals in 
this area are 40 feet).  Development of a reservoir on this lake would depend on the extent of 
alluvium underlying the lake, habitat impacts within and upstream of the dam and the current extent 
of development around the lake.  

3.4.2.1.2 Horseshoe Lake 

Horseshoe Lake is located at the confluence of the West Branch of the Little Spokane River, Buck 
Creek and Spring Heel Creek.  Buildings and a boat ramp exist along the west shore.  The lake is 
shaped as a downward facing horseshoe and increased elevation would either require two dams on 
each channel or the water could expand into the channels on either side of a ridge and a single dam 
could be built closer to Eloika Lake.  The volume of water shown would cause flooding of roads 
which cross the two channels.  The geology indicates this lake is underlain by alluvium and 
surrounded by crystalline basement.  A reservoir in this location could likely be filled from natural 
inflow.  The topographic map indicates that several roads may have been built in the area since the 
map was developed.  This could indicate that additional development has occurred in the area and, 
therefore, expansion of this reservoir may be more difficult. 
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3.4.2.1.3 Trout Lake 

Trout Lake is located upstream from Horseshoe Lake on the West Branch Little Spokane River.  On 
the south side of the lake there is a road and a few docks and buildings, but no extensive 
development.  It appears that if the lake were raised by 30 feet it would flood back up into Spring 
Heel Creek towards Sacheen Lake.  Geology indicates this lake is underlain by peat and surrounded 
to the north by basement and to the south by gravel flood deposits which are likely part of the Little 
Spokane Aquifer.  Additionally, the map indicates several roads may have been built since the map 
was originally developed which may indicate additional development of homes.  This and the extent 
of sands and gravels underlying the lake could present challenges. 

3.4.2.1.4 Lake of the Woods 

Lake of the Woods is located off-channel from the Little Spokane River near Chain Lake.  A road 
runs along the north side of the lake.  The lake is underlain by alluvium but bounded by crystalline 
basement.  It has no defined inlet or outlet channels but may be a depressional area where run-off 
collects.  It is approximately a mile from the Little Spokane River on the other side of a ridge.  The 
ridge is approximately 200 to 400 feet above the river.     

3.4.2.2 New Dams in non-major, dry or intermittently fed valleys. 

In general, the location of a new dam would have to balance impacts from the construction of the 
reservoir (loss of land, fisheries impacts, costs, etc) with finding a location that would provide the 
greatest benefit.  The higher in the watershed that water can be stored and provided to the stream, the 
more length of stream that can benefit from its storage.  Conversely, the further up in a watershed a 
dam is located the less natural run-off is available (simply based on drainage area) and either the 
reservoir is smaller or water needs to be pumped to the reservoir.  Additionally, if the new reservoir is 
meant to be used directly for water supply purposes it is possible that areas that could most benefit 
from the storage provided by a new reservoir would not provide a suitable location because most of 
the population is in the lower part of the watershed. 

The first step in locating potential areas for new dams was to map all areas underlain by basement and 
then remove sub-basins where main channel habitat was noted to exist (Figure 2-1 displays habitat 
reaches of interest).  Figure 3-7 outlines the sub-basins which appear to have potential for new 
storage.

The potential for new surface water dams in WRIA 57 is limited.  Much of the WRIA overlies the 
Spokane Valley Aquifer where water infiltrates too rapidly to store water for more controlled release 
for water supply or instream flow augmentation. Some of these areas are also rapidly developing 
which provides complications in locating storage.  Portions of the WRIA to the north of Newman 
Lake and south of Liberty Lake have surficial geology of crystalline basement and therefore may 
have new dam potential.  No information on rates of flow in the Newman and Liberty Lake drainages 
was obtained.  Both drainages are fed by run-off from high mountain areas (Mt. Spokane and Mica 
Peak respectively) and so may have significant run-off or water could be pumped from the Spokane 
River or elsewhere to fill storage needs.

There is a larger portion of WRIA 55 that is underlain by crystalline basement and is therefore 
considered suitable for siting a new dam.  Much of this area is in the upland portions of the watershed 
to the northwest in the West Branch Little Spokane River Drainage and a small portion of the 
Dragoon Creek Drainage and to the east and northeast on the slopes of Mount Spokane, primarily in 
the Little Deep and Deer Creek drainages.
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Some snapshot gaging data is available from Ecology for the upper reaches of Little Deep Creek and 
the Buck Creek (tributary of the West Branch of the Little Spokane River).  Flow in Little Deep 
Creek was recorded from May through October at approximately 2 week intervals between 1990 and 
1991.  Maximum recorded flow on the North Fork of Little Deep Creek was 21 cfs in June of 1990 
but was generally less than 5 cfs.  Flows in Buck Creek were record between 1987 and 1990 
approximately monthly, but with higher density in the summer.  Maximum recorded flows for Buck 
Creek ranged from 8 to 56 cfs.   These flow measurements may represent a drainage area that is larger 
or smaller than a new reservoir in that sub-basin may have but they can provide some indication of 
whether flow is available during the wet season in the upper reaches of these rivers.  For example to 
fill a reservoir with 1,000 AF of water a continuous diversion of approximately 17 cfs for one month 
is required or, for example,  8.5 cfs for 2 months. 

3.4.3 Infiltration using Existing Lakes or Natural Depressions

There were many small lakes and reservoirs which were estimated to overlie sands and gravels 
associated with the upper aquifers of Diamond Lake, Deer Park or the Little Spokane Aquifer.  Many 
of these lakes have intermittent streams which supply inflow and/or outflow, are located close to a 
river and are likely in continuity with it.  Lakes such as these may provide an opportunity for small 
storage expansion through the use of small berms or dams.  Water could be diverted to these small 
lakes during peak flow and then be left to infiltrate and return to the river as baseflow.  An evaluation 
of return flow (how quickly water recharges and moves back to the stream) would be required to 
quantify the timing of infiltrated water reaching the river.  This is option could be combined with 
wetlands construction or reconstruction discussed in the next section.  This option is most beneficially 
implemented on a watershed-wide scale.   

3.4.4 Wetlands as Storage

Natural and constructed wetlands can provide short-term surface water storage, long-term surface 
water storage, and maintenance of high water tables. The short-term surface water storage function 
may include reduced and delayed flood peaks and erosion potential from peak flows, and increased 
ground water recharge. The long-term surface water storage functions maintain and moderate stream 
flows helping to maintain fish habitat during dry periods.  Trees, root mats, and other wetland 
vegetation also slow the speed of flood waters and distribute them more slowly over the floodplain, 
reducing erosion.

Wetlands are generally thought of as small storage solutions but a series of wetlands can store a 
significant amount of water. The storage capacity of a wetland is determined by the geology, 
subsurface soil, groundwater levels, topography and vegetation.  In general watersheds with wetlands 
tend to store and distribute streamflow over longer periods resulting in lower levels of peak 
streamflow and reduced probability of flooding. A relatively low ratio of wetlands acreage to 
watershed  (less than 10 percent) to watershed appears sufficient to moderate a watershed's annual 
hydrograph (Ogawa & Male, 1983; Novitski, 1985; Demissie and Khan, 1993), but also adequate for 
nutrient removal and sediment detention (Sather, 1992).

A second general conclusion suggests that downstream flood attenuation improves as the wetland 
area increases within the watershed.  Gosselink et al. (1981) determined that the forested riparian 
wetlands adjacent to the Mississippi during presettlement times had the capacity to store about 
60 days of river discharge. With the removal of wetlands through channelization, leveeing and 
draining, the remaining wetlands have a storage capacity of less than 12 days of discharge, an 
80 percent loss of flood storage capacity.  
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Wetlands can also provide water quality, habitat and food web support.  After being slowed by a 
wetland, sediments can settle out and nutrients that are dissolved in the water are often absorbed by 
plant roots and microorganisms in the soil.  

The U.S. Fish and Wildlife Service National Wetland Inventory (NWI) groups wetlands found in 
WRIA 55 and 57 into the following three systems (Cowardin, 1979): 

¶ Palustrine:  Nontidal wetlands dominated by trees, shrubs, emergents, mosses or lichens. 
Generally off-channel, small systems. 

¶ Riverine - Wetlands and deepwater habitats contained in natural or artificial channels 
periodically or continuously containing flowing water or which forms a connecting link 
between two bodies of standing water.  Directly associated with stream channel. 

¶ Lacustrine:  Wetlands and deepwater habitats situated in a topographic depression or a 
dammed river channel, lacking trees, shrubs, persistent emergents, emergent mosses or 
lichens with greater than 30% areal coverage and total area in excess of 20 acres.  Generally 
encompasses lakes and reservoirs. 

The distribution of wetlands systems in each WRIA is described in Table 3-4.  This table indicates 
that the majority of wetlands are either in or around Lakes and Reservoirs (note that the National 
Wetlands Inventory System [NWIS] includes the whole lake in its area calculation) or in the form of 
smaller, off-channel wetlands.  Wetlands with seasonally flooded water regimes are the predominant 
type in both watersheds.  This likely indicates close continuity with streams or groundwater.  A large 
portion of the wetlands exist in the upper basin, primarily the West Branch, Scotia and Deer Park 
Sub-basins.  Based on their locations over gravel flood deposits these wetlands may be recharged by 
groundwater during the wet season and/or discharge to local aquifers during dryer seasons.  
Additionally the lower Little Spokane River is shown to have wetlands along the length downstream 
of Dartford Creek; these also may be fed by springs and seeps which occur in this area.

Numerous wetlands throughout WRIA 55 and 57 are recorded having been historically drained or 
converted to non-wetland area. This removal of a significant number and acreage of wetlands within 
the watershed has reduced the wetland to watershed area ratio from 3.1% to 2.9% for WRIA 55, and 
from 3.3% to 2.3% for WRIA 57.  Seasonally flooded palustrine wetlands have been most affected in 
the WRIA 55/57 watersheds.  Figure 3-8 provides an overview of the location of drained wetlands 
within WRIA 55/57.  The greatest area of drained wetlands occurs in WRIA 57 and including Saltese 
Flats and areas around Newman Lake.

Saltese Flats was once a shallow lake encompassing approximately 1,600 acres.  The land was diked 
and dammed for irrigation purposes (Morrison, Dosser Reservoir, Williams and Deruwe Dam are part 
of the flats area).  The area is fed by the intermittent Saltese Creek and Quinnamose Creek.  The creek 
continues, in what appears to be several channels across the Flats to Shelley Lake within the City of 
Spokane Valley municipal boundaries. The land has ecological significance due to existing wetlands 
and the State has attempted to purchase it, but to date this has not occurred and the land is still 
privately owned.  The area is likely hydraulically connected to the Spokane Valley Aquifer similar to 
Liberty and Newman Lake.  The size of Saltese Flats and its former state as a shallow lake indicate it 
could be used as a wetlands, or infiltration basin storage option.

A significant portion of drained wetlands previously existed to the north of Newman Lake.  These 
wetlands were drained through dikes developed historically by farmers draining land for irrigation.  
Agriculture historically and currently was developed in the flat areas surrounding the lake.  Currently 
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irrigated agriculture exists along the outlet channel and Newman Lake Flood Control District has 
agreed to provide, when possible drainage and sub-irrigation for these areas.  Often agricultural land, 
such as this can provide the best location for constructed wetlands because of relatively flat 
topography and low relative development. 

Opportunities exist in WRIA 55/57 to increase water storage by restoration of previously drained 
wetlands and creation of new wetlands.  These opportunities may include: excavated or bermed 
wetlands; natural depressions, storage impoundments, and/or capture and spread of water over hydric 
soils, capable of absorbing and holding the water for slow release back to the water table and 
eventually to streams.  A series of wetlands adjacent to the main channel mimics natural conditions 
by impounding floodwaters adjacent to the stream and developing a long linear floodplain.  

It is unclear what kind of wetland performs better at storing water and lessening downstream 
flooding.  Downstream wetlands are perhaps most effective at reducing flood episodes and creating 
wildlife habitat due to their size, regular hydrology and longevity. However, wetlands in the upper 
reaches of a watershed will increase the low flow rate and duration of rill and streams within the 
watershed (Demissie & Khan, 1993).  Replacement of wetlands may be implemented based on a 
watershed-scale perspective.  Without also placing wetlands in the upper reaches to decrease peak and 
flood flows, streams and riparian wetlands in the lower reaches will be subject to increased 
streambank and channel erosion (Baker, 1993).  

3.5 Surface Water Storage Conclusion 

In evaluating existing reservoirs and natural lakes, the most common restriction additional 
development of the lake or reservoir was (1) it was underlain by porous material, and (2) it had 
significant development in the form of roads, railroads, structures and/or docks.  Therefore options 
were chosen which had geology which could support water storage and had little development.  
Potential locations that were discussed included: 

¶ Expansion of storage in Ponderosa Lake Dam on Beaver Creek; 

¶ Storage options (such as infiltration, wetlands reconstruction and operational changes) 
surrounding Newman Lake Flood Control Dam.   However, expansion of the existing dam 
may be limited due to existing development along the shoreline; 

¶ Expansion of storage in Chain Lake through in-channel dam on the Little Spokane River; 

¶ Expansion of storage in Trout Lake through new in-channel dam on the West Branch Little 
Spokane River; 

¶ Expansion of storage in Horseshoe Lake for new in-channel dam on West Branch Little 
Spokane River; 

¶ Expansion of storage in Lake of the Woods for possible off-channel dam; and, 

¶ Evaluation of new dam in off-channel, dry or intermittently wet valleys. 

In addition, an evaluation of potential off-channel dam areas indicates that there are areas where 
conditions such as geology, development and run-off are conducive to new storage dams. 

Alternatives to large surface storage facilities that were discussed include: 
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¶ Small impoundments for infiltration and storage are an option much throughout much of the 
central part of WRIA 55 as well as Deer Park and Diamond Lake.  There are many lakes 
which may be in direct continuity with groundwater and are located adjacent to rivers.   An 
evaluation of return flow and volume impacts would be necessary; and, 

¶ Wetlands for storage with dual benefits of improved water quality through uptake of nutrients 
and increased baseflow conditions.  Additional research on the type of wetlands and the 
locations in the WRIA which will support it could be undertaken in Phase 2.  Two areas in 
WRIA 57 that show immediate potential include the area surrounding Newman Lake and 
Saltese Flats. 
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4.0  GROUND WATER STORAGE ALTERNATIVES 

The rise and fall of water levels in aquifers is a response to an increase or decrease in the amount of 
water stored in the aquifer.  Aquifers are commonly described as reservoirs, and in terms of the water 
that “flows” through them.  Water that is stored naturally in an aquifer interacts closely with the water 
that flows through the aquifer, but the storage and flow components of groundwater flow are 
fundamentally different.  Storage is an intrinsic property of the aquifer, while the rate and direction of 
water that flows through the aquifer is also dependent on many other factors relating to the aquifer’s 
boundary conditions.  The amount of storage in an aquifer can vary from year to year in response to 
climate.  Groundwater storage also has time dependent variables. 

The amount of storage in an aquifer can be artificially increased by enhancing recharge.  The various 
forms of artificial recharge, including aquifer storage and recovery (ASR), are increasingly being 
recognized as a valid water resource tool.  Enhanced recharge is already being conducted in the 
Spokane Valley through the use of dry wells for stormwater.  Typical applications of artificial 
recharge consist of using excess water usually during peak flow periods, and releasing it during 
critical low flow periods.  This provides benefits of minimal impacts by seasonal diversions, because 
they are a smaller fraction of total flow, and increasing low streamflows either as a result of 
augmenting flows or replacing water that might have direct impacts.  A source of water for recharge 
is usually required, and this water has to be technically, legally and economically available in order 
for an artificial recharge project to be feasible. 

The current regulatory setting for groundwater rights essentially assumes that, in most cases, a right to 
pump groundwater ultimately implies a right to withdraw surface water as a result of “hydraulic 
continuity”. Over a long enough time scale, groundwater wells either intercept groundwater flow that 
would eventually discharge to a surface water body, or they increase the amount of leakage from a 
surface water body into the groundwater.  There are special cases where the aquifer is “perfectly” 
confined and isolated from surface waters, or where the discharge is to salt water, but generally 
speaking, the first assumption should be that they are connected.  Therefore, where there are basin 
closures or where there are minimum in-stream flow limits, a new water right that is hydraulically 
connected with surface water may be interruptible.  Storage allows an interruptible water source to be 
transformed into an uninterruptible source by mitigating impacts.   

In this section, applications that involve the groundwater aquifer system are reviewed.  An overview 
of general applications of artificial recharge is provided, including aquifer storage and recovery.  A 
special section is devoted to the recharge of reclaimed water to groundwater. 

4.1 Overview of Aquifer Storage and Recovery (ASR) 

Artificial recharge consists of increased introduction of water to aquifer systems.  When artificially 
recharged water is recovered for further use, this special application of artificial recharge is called 
Aquifer Storage and Recovery, or ASR.  Water may be introduced into permeable geological 
formations by infiltration from ground surface, or direct injection using wells.  Water may be stored 
for a period of weeks, months or longer, and then recovered for potable or other uses. ASR is being 
used throughout the world with facilities operating in many different environments, including Oregon 
California, Nevada, Utah, Texas, Arizona, New Mexico, Florida and New Jersey.  The Salem Heights 
wellfield for the City of Salem, Oregon is the only fully permitted and operational ASR system in the 
Pacific Northwest.  Seattle Public Utilities has operated the Highline Wellfield for a number of years 
in an extended testing mode.  A number of promising feasibility and pilot projects are also underway 
in the Pacific Northwest, including the Cities of Yakima, Walla Walla, and others. 
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4.1.1 General Requirements

A series of technical water supply issues must be adequately satisfied for ASR to be feasible.  These 
include an appropriate source of water, associated infrastructure, a receiving aquifer, acceptable water 
quality, and a demand profile that can take advantage of the stored water.  These are further described 
below:

¶ Suitable Source Water:  Source water is needed for recharging aquifers.  The availability of 
the source water for ASR is ideally during times of low environmental and human demand to 
allow diversions with minimal environmental impacts, and to allow the use of underused 
infrastructure capacity for transmission and recharge.  

¶ Adequate Infrastructure: Adequate transmission capacity is needed to deliver source water to 
the receiving aquifer.  The cost feasibility of ASR generally limits areas to those with access 
to regional water supply infrastructure.  ASR systems may require specialized well 
construction, wellhead design, pump specifications, and system pressure modifications.  
Treatment of the source water and recovered water (often by chlorination) is usually needed, 
and real-time monitoring of ASR injection, aquifer build-up, and recovery volumes is 
required to ensure system operation meets permitting requirements.  Existing water systems 
with surface and groundwater sources, and a distribution system tying them together, are 
particularly well-suited for considering ASR. 

¶ Suitable Receiving Aquifer:  The receiving aquifer needs to have one of the following 
attributes: 1.) Physical or hydrochemical boundaries that restrict movement of the injected 
water and minimize water quality changes during storage; or 2.) Suitable discharge 
boundaries that provide mitigation to surface waters during ASR operations, if one purpose of 
ASR is to provide streamflow mitigation 

¶ Acceptable Water Quality:  Water may be introduced by infiltration from ground surface or 
by direct injection through wells.  Suspended sediment must be sufficiently low so as not to 
clog the infiltration pathway, particularly if directly injected.  Treated water is generally 
considered the most feasible quality water for direct injection.  Geochemical reactions 
between the infiltrated water and aquifer materials may sometimes occur.  The presence of 
dis-infection by-products (DPB’s) in treated water may require resolution with groundwater 
antidegradation rules (WAC 173-200).  Taste and odor, or corrosion problems with the 
recovered water also have to be evaluated to minimize impacts to distribution infrastructure 
and esthetics. 

¶ Suitable Demand Profile:  ASR is, by nature, a non-continuous use, and therefore is best 
suited to meeting seasonal demand.  An ASR program typically works in conjunction with 
other water supply sources to meet year-round water demand.  ASR systems are typically 
evaluated in terms of the total storage capacity, peak pumping capacity, and efficiency of 
recovery, rather than average annual yield.  Seasonal or peaking supply is the typical use of 
ASR, whereby storage occurs during low demand periods (e.g. winter/spring) and water is 
recovered during high demand periods (e.g. summer/fall).  An ASR wellfield could serve as 
emergency storage.  Most systems, however, are designed for regular injection/recovery 
cycling, and longer term storage and recovery may result in additional efficiency losses or 
water quality concerns.  The reliability of an ASR system can be quite high, depending on the 
nature of the receiving aquifer. 
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4.1.2 ASR Configurations

ASR can be used for different purposes, and can be optimally configured for each purpose.  In general 
there are three primary purposes for which ASR is being considered in this assessment: 

1. To seasonally shift sources of water supply from direct surface or groundwater withdrawal to 
ASR during critical low flow periods.  In this scenario ASR provides the direct replacement 
for potable water supply; 

2. To improve or divert poor quality groundwater from higher quality groundwater near 
pumping wells; and, 

3. To enhance river flows either by withdrawal of stored water and discharge to streams, or by 
leakage from the aquifer in which water is stored. 

ASR is commonly used in confined aquifers; aquifers that have limited recharge, or in depleted 
aquifers where historic pumping has lowered water-levels.  In these settings, water injected into the 
aquifer is stored in “available” pore spaces of the aquifer.  For confined systems, the pressure head of 
the aquifer is increased.  For unconfined systems, the water table surface is raised.  The efficiency of 
ASR system intended for recovery for direct use in potable water supply systems is dependent on the 
hydraulics of the aquifer system and its ability to “hold” the injected storage for a sufficiently long 
period of time. 

ASR is also used in aquifers with poor water quality.  In this application, the availability of excess 
physical storage capacity in the aquifer is not always necessary.  Water injected into the aquifer 
simply displaces poor quality water, creating a zone of higher quality water in the aquifer.

ASR is less commonly used in unconfined aquifers that are in close communication with surface 
waters.  The seepage of water recharged to such aquifers can be used to seasonally augment 
streamflow using the time lag between recharge and seepage. 

4.1.3 Environmental Impacts/Benefits

The environmental impacts or benefits from ASR will depend on the site specific conditions of the 
ASR system.  Significant environmental benefits of ASR may include: 

Seasonal shifts in sources of water supply from direct surface or groundwater withdrawal to 
ASR during critical low flow periods can result in improved streamflow conditions.  The City 
of Salem, for example, can reduce its use of the Santiam River by up to 10 MGD for three 
months by using its ASR system. 

Water quality improvement can be achieved through injection of potable water into non-
potable or marginal aquifers.  The City of Portland is examining the use of high quality Bull 
Run water to improve iron and manganese conditions in its Columbia South Shore aquifer. 

Direct enhancement of stream flows can be achieved by recovering recharged water and 
discharging it directly to streams.  The timing of augmentation can be closely controlled and 
implemented only when needed. 

Indirect enhancement of stream flows can occur through leakage from ASR systems to 
adjacent surface waters.  Similar to the current concept of hydraulic continuity for 
groundwater withdrawals, groundwater injection works in reverse and can improve baseflows 
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to streams.  ASR could replace deeper winter recharge that has been lost to impervious 
surfaces or from localized year-round groundwater withdrawals. 

Negative impacts from an operating ASR system are generally minor, but could include: 

¶ Water quality changes; 

¶ Slope stability under certain circumstances; 

¶ Increases or declines in aquifer levels during the ASR cycle; and, 

¶ Increases or declines in surface water discharges. 

4.1.4 Permitting

The following regulations are addressed in separate sections: 

¶ Water Rights;

¶ Well Construction (Ch. 173-160 WAC); 

¶ Water Quality (Ch. 173-200 WAC); 

¶ Underground Injection Control Program (Ch. 173-218 WAC); and, 

¶ Washington State Department of Health (Ch. 160-290 WAC). 

4.1.4.1 Water Rights 

ASR is permitted under WAC 173-157 (Appendix B).  Three permits are necessary: 

¶ A primary water right for the water that will be used for injection/recharge; 

¶ A permit to store the water; and, 

¶ A secondary permit to withdraw the stored water and put it to beneficial use (this permit is 
not always necessary, depending on the nature of the primary water right). 

Use of existing water rights in an ASR program may require processing of a change application.  
Obtaining a new water right for off-season use (i.e., outside of low flow periods) will be much easier 
than obtaining a year-round water right. 

4.1.4.2 Well Construction (Ch. 173-160 WAC) 

According to WAC 173-160-390 (Standards for Construction and Maintenance of Wells), "Approval 
must be obtained from the department [Ecology] before starting any project related to the artificial 
recharge of ground water bodies."    Generally existing water supply wells can be retrofitted for ASR 
applications.  Major considerations are an adequate surface seal, a sufficiently large casing diameter 
to house pumps, water level monitoring equipment and associated hardware. 

4.1.4.3 Water Quality (Ch. 173-200 WAC) 

Through this code, the Department of Ecology (Ecology) establishes an antidegradation policy for the 
protection of groundwater for beneficial use.  Drinking water is the beneficial use generally requiring 
the highest quality of groundwater (WAC 173-200-040(1)(a)).  It is assumed that directly injected 
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water will be treated to drinking water standards and that compliance with the objective of this 
regulation is attained. 

Groundwater criteria have been established by Ecology for a number of parameters.  Of these 
parameters, chloroform and bromodichloromethane in chlorinated drinking water may exceed 
groundwater quality criteria.  These compounds are created as a disinfection byproduct of the 
chlorination process through the reaction of chlorine and organic carbon contained in the surface 
water.  Both of these compounds are trihalomethanes (THMs) for which there is a total drinking water 
quality criteria of 80 mg/l.  Generally, organic carbon in surface water is lowest during the winter 
when there is diminished biological activity in the river.  Therefore, surface water used for recharge 
to groundwater during the winter will have minimal potential THM production. 

Concentrations are allowed to exceed specified levels under certain conditions.  Conditions that apply 
to the proposed ASR pilot testing are identified in WAC 173-200-050 (3)(b)(vi), and include: 

(A) There is benefit to the environment; 

(B) It is in the public interest of human health and the environment; and, 

(C) Impacts will be minimized. 

Additionally, approval by the Director of Ecology or his designee is required.  Operation of an ASR 
program satisfies the above-listed conditions in following ways: 

1) Aquifer Storage and Recovery (ASR) has been identified  as a water resource management 
tool that provides a benefit to the environment as a whole; 

2) ASR is in the overriding public interest in that it could provide a benefit to the environment 
and would also benefit public health by improving the reliability of public water supply 
systems; 

3) ASR can be designed to minimize impacts in all affected areas, including surface water and 
groundwater.  Withdrawals from surface water are occurring during period of higher flow, 
thereby avoiding impacts that would occur during critically low flow conditions. 

4.1.4.4 Underground Injection Control Program (Ch. 173-218 WAC) 

The Washington State Department of Ecology regulates the injection of fluids into wells under the 
federal Underground Injection Control Program (UIC Program; 40 CFR 146).  The intent of this 
program is to regulate the injection of waste fluids.  The fluid to be recharged is assumed to be water 
treated to drinking water standards that comply with the Safe Drinking Water Act.  Recharge wells 
used to replenish the water in an aquifer qualify as a Class V injection well under both state and 
federal regulations (40 CFR 146.5(e)(6)).  Class V wells require only notice to Ecology (WAC 173-
218-090; 40 CFR 144.24). 

4.1.4.5 Washington State Department of Health (Ch. 160-290 WAC) 

Facilities used in an ASR program that are part of the drinking water system are permitted by the 
Washington State Department of Health (DOH).  Routine inspections and monitoring are usually 
conducted in compliance with DOH regulations governing public drinking water systems.  
Retrofitting of the wells to allow both recharge and withdrawal of a well should be coordinated with 
the DOH regional engineer.  Upon completion of retrofitting activities, the well and associated 
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facilities should be disinfected with techniques that conform with AWWA standards or other 
standards acceptable to DOH. 

Routine water quality monitoring should be conducted for compounds of concern and an extended list 
of analyses for the purposes of providing a detailed characterization of processes and an 
understanding of system operation and dynamics, as well as ensuring the protection and maintenance 
of drinking water quality standards as defined by DOH, and the federal Safe Drinking Water Act. 

4.1.5 Economics

The cost of ASR is variable and site specific.  A systematic assessment of costs for ASR systems has 
not been published, and the estimates presented below are based on limited research of ASR systems 
nationwide.  Feasibility and pilot testing programs generally range between $100,000 and $500,000 
for systems with existing infrastructure.   

Published annualized unit costs for developed water using ASR range from $30 to $350 per acre-foot 
($92 to $920 per million gallons) for systems that do not require new treatment facilities.  Costs are 
significantly higher for systems that require new treatment facilities or other major infrastructure 
upgrades.

Unit costs for ASR facilities have also been expressed in terms of recovery capacity, and range from 
about $200,000 to $600,000/mgd of recovery capacity, with an overall average of about 
$400,000/mgd (Pyne, 1996). Although operating costs are less well defined, available data suggest 
that annual operating costs are typically about $15,000/mgd of recovery capacity.   Municipalities 
with excess treatment capacity can often justify ASR projects when projecting costly capital 
improvement upgrades to meet increasing demand.  ASR systems can result in the more efficient use 
of off-peak capacity from existing infrastructure, which can defray or delay the cost of system 
upgrades to meet increasing peak needs.   

4.2 Potential Artificial Recharge Projects 

Both WRIA 55 and 57 contain groundwater resource aquifers that have potential for use in an 
artificial recharge program.  First potential aquifers for recharge are identified, followed by a 
description of recharge projects that consider use of the Spokane River and Little Spokane River as 
source water. 

4.2.1 Potential Artificial Recharge Aquifers

4.2.1.1 Flood Sands and Gravels (Qfg, Qfs, Qs) 

In WRIA 55 the sands and gravels are primarily located within the central valley of the Little 
Spokane River and in the north central part of the basin spanning the area between Dragoon Creek 
and the Little Spokane River (Figure 4.1).  The Diamond Lake aquifer is also composed of flood 
sands and gravels.  Thickness generally range from between 50 to 200 feet with the greatest thickness 
(up to 700 feet) found south of the Little Spokane River in the Hillyard Trough.  The aquifer is 
generally unconfined.    

In WRIA 57, the deepest portions of the sands and gravels are between 300 and 700 feet narrowing to 
a few feet in thickness on the north and south sides of the Spokane Valley.  The aquifer is unconfined, 
highly conductive and is the primary source of water in WRIA 57.   
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4.2.1.2 Basalt Aquifers: (Tw and Tgr) 

In WRIA 55 basalt aquifers are found in several areas both outcropping at ground surface and 
underlying the sands and gravels in the Deer Park area (Figure 4-2).  There is a hydraulic connection 
between the flood sands and gravels and the basalt systems.  Basalts are also found in several flat top 
prairies including Five Mile, Orchard, Pleasant, Halfmoon and Wildrose Prairies as well as Green 
Bluff.

4.2.2 Spokane River as a Source of Recharge Water

4.2.2.1 Artificial Recharge to Augment Spokane River Flow 

There are two primary gaining reaches in the Spokane River the reach: just down stream of Upriver 
Dam and the reach downstream of Sullivan Road.  Injection or infiltration of water to the aquifer 
could target discharge to the stream in these reaches.  By default any increase in aquifer levels during 
the summer in these reaches would cause discharge to the river to increase.  A recent scenario run of 
the Spokane Watershed Model indicated that injection resulted in increased discharge to the river in 
both the Sullivan and Upriver reaches as well as small decrease is recharge from the river in the 
Harvard Road area.  However, water injected near Barker Road approximately 1 mile from the river 
spread quickly back towards the river with a lag time of less than 7 days (Figure 4-3).  This resulted 
in benefits from injected water being exhausted, generally, by August.  A longer time lag is generally 
preferred for use in interseasonal water resource management. 

Injection into the sands and gravels of the Spokane Valley aquifer for the purpose of flow 
augmentation is a possibility but locating an injection point which will slowly release the water 
towards the river with an interseasonal time lag may prove difficult.  The Mike She model can be 
used to run alternative injection scenarios.

Although the Spokane Aquifer is not well suited for storing water, it can act as a source of water as a 
result of the degree of hydraulic continuity between the Spokane Aquifer and the Spokane River.  
Conventional ASR programs divert surface water during peak flow periods for storage in aquifers.  
Because the Spokane Aquifer is in excellent hydraulic continuity, withdrawing aquifer water is 
analogous to diverting surface water.  Additionally, the aquifer acts as a filter of the surface water and 
withdrawal of groundwater avoids problems of suspended sediment and associated metal 
contamination that might otherwise require pre-treatment. 

The extensive infrastructure capacity in the form of wells and transmission pipelines in the Spokane 
Valley provides several opportunities for implementation of an ASR program.  A continuous 
coverage of water system service areas from the City of Spokane and up along the lower reach of the 
Little Spokane River allows for the transmission of water (possibly through interties) from the 
Spokane Aquifer using wells of the City of Spokane, for artificial recharge injection in the aquifer 
system between Dartford and the confluence of Deadman Creek and the Little Spokane River.  
Injection could be into the shallower unconsolidated sediments or into the deeper basalt aquifer, 
which is several hundred feet thick in this area (Figure 4-2).  Recharge to the shallow aquifer could 
seep back to the Little Spokane River with an appropriate time lag to augment streamflows during 
low flow periods and provide associated environmental habitat benefits.  Recharge to the deeper 
basalt aquifer may be used for seasonal withdrawal and direct use for drinking water supply. 
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4.2.3 Little Spokane River as a Source of Recharge Water

The Little Spokane River has flows above regulatory levels (WAC 173-555) during the wet season 
that may be available for artificial recharge applications.  Though continuous gaging records do not 
exist on major tributaries of the Little Spokane River, it is assumed based on existing gaging data as 
wells as basin characteristics that stream flows would be available during the wet season.  If surface 
water is used for recharge by direct injection, it is assumed that treatment to drinking water quality 
standards would probably be required.  Because there are no existing surface water treatment facilities 
in WRIA 55, the cost of new facilities is considered prohibitive.  Therefore only surface infiltration of 
surface water is considered feasible at this time.  One specific option (at Deer Park) and one 
conceptual option (gravel pits) are developed below. 

4.2.3.1 Surface Water Spreading in the Deer Park Area 

Groundwater quality in the Deer Park area contains relatively high levels of nitrate (Figures 4-4 
through 4-10).  The source of the nitrate is believed to be agricultural fertilizers, and groundwater 
concentrations over the period appear to have peaked above 10 mg/L around 1997 and have been 
decreasing since then.  Naturally occurring background concentrations of nitrate in groundwater are 
typically les than 1 mg/L. 

The state drinking water MCL for nitrate as nitrogen (herein referred to as nitrate) is 10 mg/L.  Nitrate 
monitoring is required annually by Group A public water systems and every three years for Group B 
systems.  The Washington Department of health (DOH) requires quarterly follow-up sampling for all 
nitrate concentrations exceeding 5 mg/L.  Any nitrate result exceeding 10 mg/L requires confirmation 
sampling within 24 hours. 

Nitrate itself is generally not harmful to human health.  However, nitrate in drinking water can be 
transformed in the human body into nitrite.  Elevated levels of nitrite in infants less than six months 
old can lead to blue-baby syndrome (methemoglobinemia).  Nitrite reduces the blood’s ability to 
carry oxygen, which results in a bluish color in the infant’s skin.  This condition can be life 
threatening, however this syndrome is rarely diagnosed in the U.S. 

The City of Deer Park has six drinking water wells, of which five are in the shallow aquifer and one is 
in the deeper aquifer.  Nitrate concentrations of wells in both aquifers have historically been above 10 
mg/L, although more recent concentrations have been below 5 mg/L. 

Artificial recharge of surface water from Dragoon Creek to groundwater immediately upgradient of 
the City’s drinking water wells may further reduce and control nitrate concentrations in the drinking 
wells.  Infiltration could be achieved through a series of infiltration trenches oriented roughly east-
west, perpendicular to the ambient groundwater flow direction.  Detailed mapping of groundwater 
gradients should be conducted to determine the most effective locations of such trenches. 

Recharge from ground surface may reduce nitrate groundwater concentrations in the shallow wells.  
Reducing concentrations in the deep well is expected to only be achievable through the direct 
injection of water into the deep aquifer.  Because this would require pre-treatment of water to reduce 
suspended sediment and control bacterial growth, and because there are no existing surface water 
treatment facilities, this is not considered economically feasible at this time. 

Groundwater recharge to control nitrate concentrations in drinking water wells would also help raise 
low streamflows in Dragoon Creek and at the instream flow compliance point at Dartford on the 
Little Spokane River.  Increased baseflows in Dragoon Creek may also alleviate water quality 



July 2004 -28- 013-1372-001 

070804cp1.doc

concerns in the lower reaches near the confluence with the Little Spokane River, where dissolved 
oxygen, temperature, ammonia and fecal coliform are parameters of concern (Figure 2-4). 

4.2.3.2 Recharge to Gravel Pits in WRIA 55 

Gravel pits provide prospective recharge sites.  They are usually located in relatively permeable sand 
and gravel formations that would sustain high infiltration rates, and their topographic depressions 
provide hydraulic containment during infiltration.  However, many gravel pits are developed in 
floodplain gravels immediately adjacent to streams.  Recharge to these may not provide any 
significant time lag between recharge and resultant seepage back to streams, and would not provide 
any interseasonal effects in managing streamflows.  Therefore sites located further away from stream 
channels may be the best candidates for this purpose.   

A drawback of using gravel pits that are located away from stream channels is that a pipeline would 
be needed to deliver water diverted from a stream during high flow conditions to the pit.  Planning 
level cost estimates for pipelines may range from $100,000 per mile to $1M per mile, depending on 
the size of the pipe, degree of development, infrastructure, topography, ground conditions, ownership 
of the land that must be crossed by the transmission line, and other factors.  Pumping stations may 
also be needed at additional cost. 

Plan maps of selected gravel pits in WRIA 55 that are located away from streams are contained in 
Appendix D.  The Washington Department of Natural Resources classifies sand and gravel pits as 
archived or current (Table 4.1; Figure 4-11).  It is presumed that archived are no longer operational, 
and that current are operational.  The status of archived pit is unknown, and they may have been 
reclaimed and/or filled.  Owners of operational pits may be interested in making the pits available for 
storage projects if they can forego reclamation work upon completion of mining operations. 

Gravel pits in the WRIA 57 (Table 4-2) were not considered in greater depth because of the 
anticipated lack of a significant lag time between recharge and streamflow augmentation.  More 
detailed screening of gravel pits as potential recharge sites will be presented at the mid-project 
workshop.

4.3 Reclaimed Water 

Preliminary site development studies and environmental analysis have been completed for the new 
Spokane County Regional Treatment Plant (SCRTP).  The plant is planned to provide a maximum-
month capacity of 8.5 mgd (~13 cfs) by 2007 and a maximum-month capacity of 12.6 mgd (~19 cfs) 
for future growth (projected between 2015 and 2022).  The wastewater treatment plant has selected 
membrane bioreactor (MBR) with nitrification/denitrification (NDN) and primary clarifiers.  This 
treatment alternative will facilitate future implementation of groundwater recharge. 

There is currently concern over the planned SCRTP discharge to the Spokane River due to the high 
hydraulic connection between the river and the aquifer and the potential for water supply well 
contamination.  This same concern would also apply to recharge of reclaimed water to the aquifer.  
Proposed wellhead protection areas cover almost the whole of the Spokane Aquifer (Figure 4-12).  
The proposed wellhead protection areas were simulated using a groundwater model, and so there is a 
degree of uncertainty to their locations.  Future groundwater development may also occur in the 
Hillyard Trough in areas where there is currently no proposed wellhead protection zones. 

Groundwater flow in the Spokane Aquifer is expected to be highly stratified, and exchange between 
the river and groundwater occurs at the water table.  Therefore, whether the reclaimed water is 
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distributed to the river or infiltrated from ground surface the reclaimed water is expected to remain 
close to the water table as opposed to moving vertically down into the aquifer.  However vertical 
gradients in close proximity to pumping production wells may drawdown water from the water table.  
The influence of reclaimed water recharge on water quality in drinking water wells will be less if 
those wells are screened deeper in the aquifer. 

A potential recharge site has been identified for reclaimed water from the SCRTP (Figure 4-13).  This 
recharge site is located immediately upgradient of a gaining reach of the Spokane River.  Reclaimed 
water recharged at this site is expected to travel through the unsaturated vadose zone to the water 
table and then travel horizontally to the river.  At this point, groundwater discharges to the river, 
including a portion of the reclaimed water that might be introduced to groundwater at the original 
recharge site.  The reclaimed water will undergo significant dispersion in the river.  First, discharge of 
groundwater in the gaining reach represents approximately 7.5% of the total stream flow, or a 13-fold 
dilution (assuming a groundwater discharge of 90 cfs to a low streamflow of 1,200 cfs).  Secondly, 
the losing reach of the stream immediately downstream is approximately 2.5 miles long, further 
diluting the concentration of portion of reclaimed water that enters back into the groundwater.   

Further evaluation of this scenario could focus on estimating the partitioning and resulting 
concentrations of reclaimed water between:  the portion that enters and remains in groundwater; the 
portion that discharges back to and remains in the Spokane River, and the portion that discharges to 
the river and re-enters groundwater.   

Impacts of groundwater withdrawal from the Spokane Aquifer result in a reduction of streamflows of 
the recommended compliance point for the Spokane River at Spokane, and a reduction of 
groundwater flows through the Hillyard Trough.  Reduced groundwater flow through the Hillyard 
Trough results in a reduction of groundwater discharge to the Little Spokane River.  Much of the 
impacts to Spokane River flows are mitigated by non-consumptive water use that is discharged back 
to the Spokane River at the existing downstream waste water treatment plant.  Proposed recharge of 
reclaimed near the SCRTP site will mitigate most of the impacts of groundwater withdrawal from the 
Spokane Aquifer, including reduced groundwater flow through the Hillyard Trough. 

4.3.1 Reclaimed Water Regulations

Under the Washington State Reclaimed Water Act, a permit is issued to the generator of the 
reclaimed water, who may then distribute the water subject to water quality regulations. The 
implementation of reclaimed water systems is regulated by the Washington Department of Ecology 
(Ecology), and Washington Department of Health (DOH), and by the United States Environmental 
Protection Agency (EPA) through the federal Clean Water Act. 

The storage of reclaimed water in freshwater systems is subject to the following regulations and 
standards:

¶ RCW 90.46– Reclaimed Water Act, as operationalized by DOH and Ecology guidelines (see 
Water Reclamation and Reuse Standards below); 

¶ RCW 90.48– Water Pollution Control Act, requiring an NPDES permit to discharge pollutants to 
waters of the state (RCW 90.48.080 and 90.48.162); 

¶ WAC 173-200 -Water quality standards for ground waters of the state of Washington, including 
water quality criteria and treatment requirements for primary and secondary contaminants, 
radionuclides, and carcinogens; 
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¶ WAC 173-201A - Water quality standards for surface waters of the state of Washington, 
including water quality criteria and treatment requirements for both freshwater and marine 
systems according to the receiving water body classification system.  This regulation also 
includes the Antidegradation Policy for all Waters of the State; 

¶ WAC 173-221 – Technical criteria for discharges from municipal wastewater treatment facilities; 

¶ Water Reclamation and Reuse Standards, prepared by DOH and Ecology in accordance with 
RCW 90.46, based on the reclaimed water quality classification system; and, 

¶ Federal Clean Water Act (1987), regulating water body water quality and requiring streams to not 
exceed their natural assimilative capacity as defined by the Total Maximum Daily Load (TMDL). 

4.3.2 Reclaimed Water Quality

Many chemicals may be present in wastewater, depending on the industries and land uses in the 
municipality.  Essentially, chemicals are one of three types: 

¶ Inorganic and organic substances naturally present in potable water (e.g., metals); 

¶ Trace organic and inorganic chemicals from industrial, commercial and residential sources; 
and,

¶ Chemicals generated as a result of water treatment (e.g., disinfection by-products). 

There is potential health risks associated with exposure to any of the above chemical types.  The 
ability to evaluate and manage those risks is greatest for naturally present chemicals and least for the 
unidentified mix that comprises the majority of the organics in wastewater.   

It is not expected that substances would be present in wastewater at concentrations that would be 
acutely toxic.  Municipalities will be required to achieve available water quality guidelines for treated 
wastewater.  However, there are many chemicals for which guidelines and regulations are not 
available.  Proprietary chemicals and chemical mixtures from industrial applications (including 
products used by the general public), breakdown products of those chemicals and possible generation 
of new compounds by interaction with disinfection by-products are not included in routine water 
quality analysis.  Furthermore, analytical laboratories are unable to analyze for many trace organic 
compounds.   

Wastewater treatment facilities are recognized sources of endocrine disrupting compounds (EDCs).   
EDCs are substances that are able to bind to hormone receptors in fish, wildlife and humans, which 
can affect hormone activity.  The EDCs found in WWTP effluent originate from a number of 
potential sources, including industrial and residential surfactants (detergents and dispersants), and 
breakdown products of pharmaceutical products used by human populations.  For example, one 
important EDC in WWTP effluent is ethynylestradiol – which is the synthetic estrogen found in birth 
control pills.  Ethynylestradiol in particular causes concern because effects are apparent at low 
concentrations.

Although reclaimed water is expected to have a poorly characterized range of compounds, the 
Spokane River probably already has a background level of these compounds as a result of upstream 
discharges from waste water treatment plants.  Understanding potential environmental and health 
impacts, and public perception, will be important components in evaluating applications of reclaimed 
water.  Improved awareness of these variables should consider current baseline conditions and 
potential benefits of options, along with identified concerns.
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5.0 OPTIONS FOR DETAILED STORAGE ASSESSMENT 

The purpose of the first step of the storage assessment was to identify a wide range of storage options 
for consideration by the Planning Unit for more detailed development in the second step.  An initial 
list of options was developed by the Planning Unit in conjunction with Golder Associates.  During the 
execution of this work, additional options were identified and included (e.g., recharge through gravel 
pits, and wetlands storage).  By better defining the parameters of the options, the Planning Unit can 
better select which options will be more feasible and will meet their watershed planning objectives.  
Summaries of identified options are presented below.  This list is derived from work conducted so far, 
and does not preclude the addition of more options.  In depth discussion will be held at the workshop 
to be held Wednesday, July 21, 2004. 

5.1 Ponderosa Lake Dam Raise 

Concept:  Ponderosa Lake is located in the northwestern corner of WRIA 55.  It has a privately 
owned dam for the purpose of recreation.  Raising the dam 20 feet or 40 feet would provide an 
additional 2,000 AF or 6,600 AF respectively. 

Benefits:  Additional storage in Ponderosa Lake can be used for many purposes because it is located 
relatively high in the watershed.  Water quality concerns downstream of Ponderosa Lake include 
phosphorus in the West Branch of the Little Spokane River and Eloika Lake, and PCBs in the Little 
Spokane River immediately upstream of the confluence with the Spokane River (Figure 2-4). 

Augmentation could be applied to habitat improvement, including that of rainbow trout from Eloika 
Lake to Chattaroy (Figure 2-1).   

Stream flow augmentation could be achieved for all instream flow compliance points in WRIA 55 
except for the Elks station.  Such augmentation could allow continuous use of water rights that are 
currently interruptible in low flow years because they are junior to instream flow regulations.  Storage 
of 2,000 AF (i.e., a 20-foot dam raise) could fully mitigate all existing junior water rights below the 
control station Elk for approximately four months. 

Filling of the additional created storage could be used as part of a flood control program. 

Logistical Considerations:  Costs for enlargening existing reservoirs have ranged from $200/AF to 
over $5,000/AF.  Raising the Ponderosa Lake dam to contain an additional 2,000 AF would 
correspond to a cost range of $400,000 to $10M.  The existing dam is base on alluvial sediments and 
geotechnical studies are required to further evaluate the feasibility of raising the dam and to provide a 
better cost estimate.  A road along the east side of the lake may have to be relocated. 

Free market values for water rights provide some perspective of the total cost.  Water rights have 
been exchanged for at rates of between $600 and $3,000 per AF/yr.  Therefore, 2,000 AF/yr would 
have an approximate value of between $1.2M and $6M. 

5.2 Newman Lake Dam Raise 

Concept:  Raising the dam on Newman Lake by 20 feet or 40 feet may allow an additional 35,000 AF 
or 81,000 AF of additional storage respectively. 

Benefits:  This option provides the largest additional storage of all of the surface water storage 
options evaluated.  It is located in the northeast corner of the Spokane Valley.  Controlled release of 
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water stored by a 20-foot dam raise could provide a flow of 200 cfs for three months.  Previously 
drained wetlands may be partially restored. 

Logistical Considerations:  Land surrounding Newman Lake is relatively developed and resistance 
from lakeshore property owners to raising the dam may be anticipated.  Leakage from Newman Lake 
may be significant, thereby lowering the interseasonal storage carry-over.  The existing dam is made 
of native peat soils and may have to be replaced to provide a solid foundation if the dam is raised. 

5.3 New Dams In-Channel Dams 

Concept:  Four prospective sites were identified for new in channel dams:  Trout Lake, Chain Lake, 
Horseshoe Lake and Lake of the Woods.  Three are located in the northwest corner of WRIA 55, and 
three are located in the headwaters of Little Deep, Deer and Dry Creeks. 

Benefits:  New dams could provide flood control, and storage for use in augmenting streamflow 
during the summer and early fall low flow periods for environmental improvement of mitigation of 
impacts from exercising water rights. 

Logistical Considerations:  The cost of construction and the environmental permitting process for new 
dams usually causes these to be among the least viable of storage options.  Most of the lakes had 
roads, railways or other infrastructure and/or development along the shores.  Lake of the Woods had 
the least development (i.e., one road).  Chain Lake is one of the few natural habitats populated by 
native kokanee (land-locked salmon) and construction of a dam on this lake may face difficult 
permitting obstacles. 

5.4 New Off-Channel Dams in Channel Dams 

Concept:  New off-channel dams may be constructed in bedrock areas to provide good retention of 
stored water and solid foundations. 

Benefits:  New dams could provide flood control, and storage for use in augmenting streamflow 
during the summer and early fall low flow periods for environmental improvement of mitigation of 
impacts from exercising water rights. 

Logistical Considerations:  The cost of construction and permitting process for new dams usually 
causes these to be among the least viable of storage options.  Site specific data would have to be 
collected for further evaluation of selected options, including habitat sensitivity, geotechnical 
suitability of sites, and flow catchment and topographic calculations for conceptual design. 

5.5 Gravel Pit Infiltration in the Little Spokane Watershed 

Concept:  Sand and gravel pits may act as locations for artificial recharge.  Seepage into the 
groundwater and back to nearby streams may augment low streamflows if there is an appropriate time 
lag between the timing of recharge and seepage back to the stream. 

Benefits:  Depending on the location in the watershed, many of the same potential benefits and 
applications identified for the Ponderosa Lake Dam (e.g., water quality improvement through higher 
flows with cooler water; habitat improvement; mitigation of current and or future impacts; lower 
interruptibility of junior water rights on the Little Spokane River). 
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Logistical Considerations:  Sand and gravel pits that are no longer operational and have not been 
reclaimed or filled in provide the best options.  Operating gravel pits that may soon stop operations 
are also good candidates, particularly if the current owner/operator has reclamation and closure 
responsibilities that may be avoided if the land is deeded for artificial recharge use.  Hydrogeologic 
evaluations will have to be conducted to estimate the seepage rate from gravel pits to the receiving 
streams.  Gravel pits in the WRIA 57 were not considered in greater depth because of the anticipated 
lack of a significant lag time between recharge and streamflow augmentation.  More detailed 
screening of WRIA 55 gravel pits will be presented at the workshop. 

5.6 Artificial Recharge in the Lower Little Spokane Basin 

Concept:  Withdraw groundwater from the Spokane Aquifer during the winter and higher streamflow 
periods and recharge it to aquifers in the Little Spokane watershed above Dartford.  Water could be 
recharged to either the shallow sand and gravel aquifer or the deep basalt aquifer.   

Benefits:  Recharge to the shallow sand and gravel aquifer may seep back to the Little Spokane River 
and augment streamflow during the low flow period.  This may reduce the duration and frequency 
that regulatory flows are not met at the Dartford control station.   

Water may be recharged to the deeper basalt aquifer during the winter and higher flow periods for 
recovery during low flow periods.  This is a typical Aquifer Storage and Recovery (ASR) program. 

Logistical Considerations:  The participation of several purveyor distribution systems would have to 
be coordinated.  Water may be withdrawn from the Spokane Aquifer by City of Spokane wells during 
the winter, when they are not fully used.  Distribution of water to the Whitworth and/or Spokane 
County Water District #3 would be accomplished through interties.  Depending on the pressure zones 
of the systems and location of wells, booster pumps and/or pressure reducing valves in the 
distribution systems may be needed to deliver water to recharge sites. 

5.7 Reclaimed Water Recharge to the Spokane Aquifer 

Concept:  A new regional waste water treatment plant is planned in the west end of the Spokane 
Valley that will be treating water to reclaimed standards.  Discharge of the reclaimed water may be 
directly to the stream, or infiltrated to groundwater. 

Benefits:  Recharge to groundwater will most directly offset existing and future impacts to the aquifer 
from groundwater withdrawals.  Some of the recharged water may discharge to the Spokane River in 
gaining reaches, and recharge back from the river to the aquifer in losing reaches.  Some of the water 
is expected to flow through the Hillyard Trough and discharge to the Little Spokane River.  There is 
an instream flow recommendation for the Spokane River at Spokane.  Some of the streamflow 
augmentation that currently occurs at the existing waste water treatment plant below the Spokane 
River at Spokane will occur above this point in the future, thereby resulting in a nominal reduction of 
time that the recommended flows are not met. 

Logistical Considerations:  Water quality standards to protect groundwater from degradation will be 
strict.  There is also concern from purveyors of the introduction of reclaimed water to wellhead 
protection zones. 
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5.8 Saltese Flats Wetlands Restoration 

Concept:  To restore the natural habitat and wetlands storage function.  The Saltese Flats have 
historically provided significant habitat and are considered sufficiently valuable in this context to 
have been identified by state agencies as a potential restoration project. 

Benefits:  Valuable habitat restoration could be accomplished concurrently with creating additional 
storage.  The site could also be configured for enhanced infiltration assuming a water source could be 
identified.  Current engineered storage of less than 200 AF in this 1,600 acre area could be 
significantly increased with a small dike (e.g., 1,600 AF with a 1-foot dike).  Delayed seepage from 
the wetland to the Spokane Aquifer may increase flows in the Spokane River. 

Logistical Considerations:  A significant amount of land ownership remains private.  Habitat 
restoration funds may be available for funding this project.  Current irrigation water use may have to 
be accommodated. 
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This figure was originally produced in color.  Reproduction 
in black and white may result in loss of information.
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APPENDIX A 

WATER STORAGE TASK FORCE REPORT TO LEGISLATURE (2001)









































































APPENDIX B 

WAC 173-157 

and

AQUIFER STORAGE AND RECOVERY REPORT TO LEGISLATURE (2001) 



























































APPENDIX C 

Potential Surface Storage in Existing Lakes and Reservoirs 

Table of Contents 

Ponderosa Lake 

Newman Lake 

Chain Lake 

Horseshoe Lake 

Lake of the Woods 

Trout Lake 

Legend

Area flooded by 20-foot dam raise. 

Area flooded by 40-foot dam raise (forested/open land). 

Flooded area:  Distinction between 20-foot and 40-foot dam raise not 
made due to available topographic resolution. 















APPENDIX D 

SELECTED GRAVEL PIT PLANS 

(to be provided at the mid-project workshop) 


