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1.0 INTRODUCTION

1.1 Purpose of the Assessment

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. It includes:

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

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

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

e A summary of storage modeling conducted by the US Bureau of Reclamation (USBR).
1.2 Basic Concepts of Storage

The basic concept of storage is to collect water when there is excess, hold it with a minimum amount
of loss or leakage, and use it during periods of limited supply or high demand. By convention,
storage project 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.

Water storage could be used for several purposes:

L. 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; and
4. To enhance streamflows.

Enhancement of streamflows or prevention of further impacts to streamflows is typically a resultant
benefit of managing storage for existing or future uses. Although there are physical constraints on
potential storage locations, priorities addressing what water storage should be used for also influence
the selection of potential storage locations. Priority uses of storage could include:

e Storage projects that can be integrated with the operation of existing systems and can also be
used to supplement streamflows in critical habitat areas. This would apply to current and
future demands of existing systems;

e Storage projects that can enhance streamflows in critical habitat areas, but do not provide a
benefit to existing or new systems; and

e Storage projects that can be integrated with the operation of new or existing systems, without
benefit to streamflows.

1.3 Water Storage Task Force

The water storage task force was convened by Washington Department of Ecology (WDOE) in 2000
to examine the role of water storage in managing the state’s water resources. The report to the
legislature provides a variety of 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

100803rhal
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Recovery or “ASR” projects. A 2001 report to the legislature provides a variety of information on
ASR and is provided in Appendix B.

1.4 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
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 more likely pumped, from a river to an off-channel location for storage. Oft-
channel facilities could have a wide range of capacities.

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.
Aquifer storage and recovery does not include operational losses of water during irrigation of land;
water artificially stored due to construction, operation, or maintenance of an irrigation system; or to
projects involving recharge of reclaimed water (RCW 90.03.370).

L5 Current Conditions
Water demand, existing storage and consumptive use in WRIA 48 was evaluated in the Phase Il
technical assessment (Golder, 2002). Estimates of current storage in the basin are summarized from

two sources:

* Water Resources Management Program (Kauffman and Bucknell, 1976); and

e Hydrographic Data - Dams (Ecology, 2001).

100803rhal
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Existing reservoirs are summarized in Table 1-1. Existing dams and their respective storage volumes
are summarized in Table 1-2. Dams information from Ecology identifies 18 dams with a total storage
available of 6,071 AF. The majority of these dams are designated for recreation purposes. The
location of existing dams is shown on Figure 1-1.

Two screening level water storage studies have been conducted which focus on potential storage in
the Methow Basin:

¢ The Methow River Basin Level B Study (Washington State Study Team, 1977) identified the
potential for about 23,500 acre-feet of additional storage in the Basin. Dam heights used in
the estimates ranged from 15 to 55 feet, with yields of individual storage projects ranging
from 200 to 17,000 acre-feet. The reported storage potential was greatest in the Chewuch
Basin (8,000 AF), followed by the Lower Methow (7,365 AF), Twisp (5,900 AF) and Middle
Methow (2,250 AF). An additional 17 sites were identified in the report but documentation
on the analysis was poor.

¢ The Methow Valley Water Planning Pilot Project also evaluated storage in the basin (Klohn
Leonoff, 1993). This study identified 24 potential reservoir sites. These sites are described
in Table 1-3. Possible dam sites were identified based on stream habitat, capacity,
capacity/run-off ratio, and dam crest length to reservoir capacity ratio. Dam heights of 40
feet and 80 feet were used in the analysis, and capacity ranged from less than 50 to 700 AF
for 40-foot dams and from about 150 to 2,600 AF for 80-foot dams. The reported total
storage capacity from the 24 potential sites using 40-foot was only 5,042 AF. Using 80-foot
structures, 25,548 AF of total capacity is reported. Patterson Lake was identified as the first
choice for additional storage.

Both studies recognize that there is plenty of water available in the basin on an annualized basis, and
that the value of storage is to store excess spring runoff for use in the summer low flow period, and
possibly for use in drought years when even the spring runoff is inadequate (Klohn Leonoff, 1993).
Groundwater storage has previously been dismissed as an option due to the assumption of a short fag
time for groundwater return to the surface (Klohn Leonoff, 1993).

100803rhal
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2.0 OVERVIEW SURFACE WATER STORAGE ALTERNATIVES
This section provides an overview of surface water storage alternatives for WRIA 48.
2.1 Types of Surface Water Storage

2.1.1 Reservoirs Dams and Impoundments

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 the upstream watershed.
Off-channel reservoirs are located on a small tributary or completely off the river. These reservoirs
are filled by overland flow from the natural basin and by gravity or pumped flow from a nearby basin.

Each of these reservoirs has benefits and drawbacks. For an on-channel reservoir, benefits may
include flood control and the storage of large amounts of water. Drawbacks include being a barrier to
fish passage, relocation of people and infrastructure when the reservoir is created and the need for
flood flow spillways and outlet works. For an off-channel reservoir, benefits may include not being
located in an environmentally sensitive area, not being a barrier to fish passage and needing smaller
spillways and outlet works. Drawbacks include construction of infrastructure to convey water to and

from the reservoir, higher construction and operations and maintenance costs, and reservoir leakage
and seepage.

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

The recently enacted State Senate Bill 5575 exempts small irrigation facilities from the requirement
to obtain a reservoir permit for small irrigation impoundments of less than 10 acre-feet. The
impoundment must be filled with water that is obtained under an existing, valid water right, and must
not expand the number of irrigated acres attributed to that 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.

Appendix A contains a variety of useful information and terminology related to dams and
impoundments.

2.2 Availability of “Excess” Surface Water for Storage

In WRIA-48, a significant issue is the availability of “excess” water to use as storage. The Methow
River and its major tributaries are subject to instream flow requirements. However, flows over the
instream flow requirements are “excess” and could be withdrawn from the river for any beneficial
uses, including storage. Table 2-1 summarizes regulatory baseflows for the Methow Basin. Table 2-
2 shows the average difference between daily streamflow and regulator baseflows. Table 2-3 shows
the average annual volume of streamflow in excess of regulatory baseflows. Table 2-4 shows the
average number of days when streamflow exceeded regulatory baseflows. Table 2-5 shows the
annual volume of excess flows on days when flows exceeded baseflows. These tables show that there
are days in every year when streamflow exceeds regulatory baseflow and that the volumes are

typically significant (9,000 to over | million AF). During the 2001 drought excess streamflow was
limited.

100803rhal
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2.3 Technical Requirements

23.1 General
Typical study needs for a surface water reservoir include:

¢ Geotechnical site investigation: Includes geotechnical test pits or subsurface borings
evaluating geology around outlet structure area of lake. Determination of subsurface
conditions for foundation of dike structures, subsurface seepage issues, 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. Ownership issues are also addressed here.

* Hydrological study: includes assessment of inflow/outflow magnitudes, flood flow analysis,
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.

o Securing of Water Rights: To be secured prior to dam design permit application.
¢ Permitting of Dam Structure: Highly variable, dependent on regulatory setting.

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

2.3.2 Treatment and Conveyance Requirements

Surface water storage for potable supply requires a full treatment plant to meet safe drinking water
standards. Storage for agricultural supply or streamflow mitigation does not typically require such
stringent water quality requirements.

2.3.3 Permitting/Legal Constraints

Construction of new surface water storage would most likely be off-stream and would involve
multiple federal and state agency approvals. Expansion of existing facilities such as Patterson Lake
or Pearrygin Lake, would also require additional permitting. Such a process could take several years
before initiation of construction.

2.3.4 Financial Constraints

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 for these
projects ranged from $200/AF to $5,300/AF.

Costs for conveyance systems vary, and additional engineering analysis is needed to prepare more
detailed cost estimates. In general, conveyance costs for a pipeline capable of peak flows of 30 mgd

may be on the order of $2.5 million per mile. Operating costs are typically estimated at 0.5% of the
capital cost.

100803rhal
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2.3.5 Environmental Political/Regulatory Constraints

Dams or reservoirs have a long history of both real and perceived negative environmental impacts.
New dams or expansion of existing dam facilities will introduce additional political complexities with
the general public, affected stakeholders 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.

100803rhal
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3.0 OVERVIEW OF GROUND WATER STORAGE ALTERNATIVES
31 Types of Groundwater Storage

Groundwater storage can be a difficult concept, from both a technical and regulatory standpoint.
Below the ground surface, water storage is difficult to visualize and measure in ways similar to a
surface reservoir or impoundment. However, the seasonal rise and fall of water levels in aquifers is
fundamentally 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 dependent on many other factors relating to the aquifer’s boundary conditions. The
maximum or minimum amount of storage in an aquifer can vary from year to year in response to
climate. Over a long period, the amount of storage in an aquifer is actually negligible, since water
molecules that were “stored” at one time eventually “flow” through the system to the discharge areas
of the aquifer. Groundwater storage, therefore, is also time dependent.

The amount of storage in an aquifer can be artificially increased or decreased by manipulating
recharge. Artificial recharge, or aquifer storage and recovery (ASR) projects are an increasingly
popular approach to using underground aquifers as storage reservoirs. This introduces additional
complexity because of the “co-mingling” of natural and artificial recharge. “Ownership” of water
recharged artificially can become a difficult regulatory concept. Finally, like any storage project, it is
necessary to have access to “excess” water to use for aquifer storage. This water has to be both

legally available and economically accessible in order for a groundwater storage project to be
feasible.

3.2 Aquifer Storage and Recovery (ASR)

Aquifer Storage and Recovery, or ASR, is a water resource management technique in which water is
introduced into permeable geological formations using wells or infiltration basins, stored for a period
of weeks or months, and then recovered for potable or other uses. ASR is being used throughout the
world with facilities operating in many different environments, including Florida, California, New
Jersey, Nevada, Utah, Texas, Arizona, and New Mexico. There are two fully operational ASR
systems in the Pacific Northwest: the Highiine Welifield for Seattle Public Utilities and the Salem
Heights wellfield for the City of Salem, Oregon. A number of promising feasibility and pilot projects
are also underway throughout the Pacific Northwest, including Yakima and Walla Walla.

Technical water supply issues for ASR include:

¢ 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

¢ Suitable Source Water: Currently, water injected directly into aquifers for ASR purposes
must meet drinking water quality standards. Injection of reclaimed water is not currently
allowed in Washington. Infiltration of water into aquifers .....

e Acceptable Water Quality: ASR typically involves the mixing of waters from different
sources. This can have positive or negative effects depending on site specific conditions.

100803 rhal
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3.2.1

Adequate Infrastructure: Adequate transmission capacity between the source water and the
receiving aquifer is essential. Since the location of a receiving aquifer is fixed, issues related
to bringing adequate infrastructure to promising receiving aquifers could be significant.

Suitable Demand Profile: ASR is, by nature, a non-continuous use. ASR systems are
typically evaluated in terms of the total storage capacity, peak recovery 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).

Eanvironmental Impacts/Benefits

The environmental impacts or benefits from ASR will depend on the site specific conditions of the
ASR system. Environmental impacts from an operating ASR system are generally minor, but could

include:

Water quality changes to the aquifer and associated beneficial uses;
Slope stability under certain circumstances
Detrimental increases or declines in aquifer levels;

Detrimental increases or declines in surface discharges;

Significant environmental benefits of ASR may include:

322

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.

Water quality improvement can be achieved through injection of high quality water into
lower quality marginal aquifers.

Direct enhancement of river flows can occur by pumping an aquifer that has heen artificially
recharged. This could address concerns and mandates for the recovery of salmon species
under the Endangered Species Act. The restoration of the Everglades in Florida is the most
ambitious example of the use of ASR for environmental restoration, and has direct corollaries
to conditions in the Pacific Northwest.

Indirect enhancement of river 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 to
streais.

Permitting/Legal Constraints

ASR is permitted under WAC 173-157-040, which is provided in Appendix B. Three permits are
necessary:

100803rhal

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

A permit to store the water

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).

Golder Associates
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ASR projects have typically been used for municipal supply projects. Applications for irrigation or
for direction augmentation of streams use are less common, probably because of the costs involved.

3.2.3 Financial Constraints

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.

3.2.4 Political/Regulatory Constraints

Large scale implementation ASR could introduce additional political complexities amongst
stakeholders and local governments, creating both opportunities and challenges for cooperation.
Aquifers do not coincide with jurisdictional boundaries and both impacts and benefits from ASR
would need to be addressed in a cooperative environment. “Ownership” of water that is injected into
an aquifer and that subsequently moves through the aquifer is a difficult -issue to administer.
However, ASR could play an important role in moving water where and when it is needed for both
human and ecological needs.

33 Artificial Recharge and Indirect Streamflow Augmentation

Artificial recharge of shallow aquifers in hydraulic continuity with streams has been suggested as
both a mitigation approach for new water rights and an environmental benefit to aquatic habitats. The
feasibility of using this recharge/storage strategy is dependent on many site specific factors including:

e Hydraulic continuity between the aquifer and adjacent surface waters must be well
characterized and understood. A detailed understanding is necessary to support estimation of
the timing, magnitude, and location of streamflow benefits associated with artificial recharge.
This typically requires a combination of well installation, aquifer testing, groundwater level
monitoring and modeling analysis. Typically, characterization cannot resolve all uncertainties
in the hydrogeologic understanding, and impact analyses need to consider the range of
hydrologic impact associated with the range of uncertainty. The USGS study on the Twisp
River (Konrad, 2003) is an example of the type of information needed.

e Streamflow hydrographs and variability are important factors in order to understand how
well artificial recharge and natural groundwater storage can offset low flows during the
fall/winter. This aspect is important from both a physical and a regulatory standpoint.

e Return flow is an important factor to evaluate how recharge moves from the recharge source
and how it discharges to a stream. Modeling analyses are required to estimate the timing and
magnitude of return flow to the stream or river. Water rights may be necessary for water that
is infiltrated for mitigation. The PCHB digest (Mentor Law Group, 2001) indicates that
mitigation credits are not issued for the incidental infiltration of captured stormwater runoff.
However, if a water right is obtained for the capture and beneficial use, it can be used for
flow augmentation and associated mitigation.

100803rhal
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3.4 USGS Groundwater Study

The USGS conducted a study that evaluated the feasibility of artificial recharge at six locations in the
Methow Basin. This report is provided in its entirety in Appendix D.

100803 rha!
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4.0 USBR RIVERWARE MODELING

The US Bureau of Reclamation (USBR) used the river and reservoir management model RiverWare
to compare the seven alternatives, by using daily inflows created by the US Geologic Survey (USGS)
Precipitation-Runoff Model for the Methow Basin.

4.1 Description of RiverWare

RiverWare is a generalized river basin modeling tool which integrates the purposes of reservoir
systems, such as flood control, navigation, recreation and water supply. RiverWare provides a tool
for scheduling, forecasting and planning reservoir operations

RiverWare uses an object-oriented modeling and software approach which is "data-centered", in that
a specific river/reservoir system and its operating policies are defined by the data supplied to the
model. This allows a basin model to be modified to reflect new features or new operating policies,
and allows transportability to other river basins. RiverWare is currently being used by the USBR at a
number of locations throughout the US.

4.2 Description of Methow Basin RiverWare Analysis

The network for the Methow River Basin was developed based on discussions with the Methow
Basin Planning Unit. Figure 4-1 shows the RiverWare model network developed for this analysis.
The rivers simulated include Chewuch River, Methow River, Twisp River, and Wolf Creek. The
RiverWare model uses simulated streamflows form the USGS hydrologic model (Ely and Risley,
2001). Boundary inflows are specified for the Methow River above the confluence with Wolf Creek,
Chewuch River below the confluence with Falls Creek, Wolf Creek, Little Wolf Creek, Rader Creek,
and Twisp River below the confluence with Buttermilk Creek. The boundary inflow data set is input
on a daily timestep for the water years 1959 to 2001.

Storage conditions considered in the analysis were as follows:

Existing Patterson Lake (3,330 AF)

Existing Pearrygin Lake (1,000 AF)

Enlarged Patterson Lake (+1,500 AF)

Enlarged Pearrygin Lake (+638 AF)

Uphill Reservoir (160 AF)

Elbow Coulee Reservoir (1,275 AF)

Deadhorse Reservoir (1,680 AF)

All reservoirs were allowed annual carryover storage

Operations constraints considered in the analysis were as follows:

e Wolf Creek Reclamations District ESA Target Flows (NMFS BiOp, 2003)

¢ Skyline Irrigation Company ESA Target Flows (Pending BiOp, Johnson personal
communication)

e State Baseflows (WAC 173-548)

e Table 4-1 Summarized the Modeled ESA Target Flows

Priorities for storage considered in the analysis were as follows:

100803rhal
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¢ Release storage directly to river to meet target flows. In this case, storage is used first to
meet target/baseflows

* Release storage directly to canals to meet irrigation delivery targets. In this case, storage is
used first to meet irrigation deliveries -

Seven storage scenarios were developed by the Methow Basin Planning Unit to evaluate proposed
reservoir storage added to the Methow Basin. The seven scenarios were grouped as follows:

Alternative 1: Present Conditions (4,330 AF of Storage)

Alternative 2: Increase storage capacity by 5,335 AF using Pearrygin Lake, Patterson Lake, Elbow
Coulee, and Deadhorse Reservoir. Operational scenarios and priorities under this alternative were as
follows:

2A — Release storage with ESA target flow priority
2B — Releasc storage with irrigation canal priority
2C — Release storage with baseflow (WAC 173-548) priority

Alternative 3: Increase storage capacity by 2,298 AF using Pearrygin Lake and Patterson Lake only.
Operational scenarios and priorities under this alternative were as follows:

3A — Release storage with ESA target flow priority
3B — Release storage with irrigation canal priority
3C — Release storage with baseflow (WAC 173-548)
A more detailed discussion of these alternatives is provided below.

4.3 Description of Alternative 1: Present Conditions

Alternative | is the No-Action alternative and represents the present conditions regarding storage,
diversions, target levels and water priority.

4.3.1 Irrigation Diversions

Ten irrigation canal systems were simulated in the model. The simulations included diversion,
seepage, spill, deliveries and return flows from each canal system. Table 4-2 shows the full supply
requested by each canal system during the season. Table 4-3 shows the assumed seepage rates if the
canals were at full supply. Each canal was assumed to spill 2% if at full supply. Delivery was
simulated as the diversion less seepage and spill. The model assumed farm deliveries were 60%
efficient. Four canal systems were split into sub-areas to allow seepage and deliveries to be split so
river return flows could be more accuratcly represented. Seepage flows were split by canal length.
Table 4-4 shows the canal lengths used in the model. Deliveries were split by acreage. Table 4-4
shows the acreages used in the model.

e  Wolf Creek was simulated with one major diversion to the WCRD Patterson Lake feeder
canal. The canal from Wolf Creek has a capacity of 12.5 cfs. This diversion is subject to a
target flow of 8 cfs at the mouth of Wolf Creek (Table 4-1).

¢ The Chewuch River was simulated with three major diversions: Chewack Canal, Fulton
Canal, and Skyline Canal. The full diversion request for each canal is shown in
Table 4-2. Skyline Canal is subject to an ESA target flow of 80 cfs. When streamflow
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43.2

reaches the 80 cfs target flow, Chewack Canal is reduced by 2.5 cfs to allow Skyline a total
of 5 cfs. Skyline Canal has a priority to 5 cfs over Chewack Canal and Fulton Canal.
Chewack Canal and Fulton Canal have equal priority to water above the 5 cfs Skyline Canal
flow.

The Twisp River was simulated with two major diversions; TVPI Canal and MVID West
Canal. A number of smaller diversions also exist on the Twisp River upstream of TVPI
Canal; these diversions were simulated as one group called “Twisp Others”. TVPI Canal and
MVID West were simulated to have equal priority to water over “Twisp Others”. (Table 4-2)

The Methow River was simulated with three major diversions: FogHorn Canal, Barkley
Canal, and MVID East Canal. The seasonal full supply diversion rates for each canal are in
Table 4-2.

Storage

Two reservoirs are included in Alternative 1: Patterson Lake and Pearrygin Lake:

433

Patterson Lake is operated by Wolf Creek Reclamation District (WCRD). WCRD has an
annual storage right of 3065.6 AF for Patterson Lake. Patterson Lake has a natural inflow
from Rader Creek. WCRD diverts water year round from Little Wolf Creek and seasonally
(April to end of September) from Wolf Creek. Patterson Lake has an active capacity of 3,330
AF within the normal operational range of 25 feet. The surface area is approximately 125
acres at low pool and 150 acres at full pool. Patterson Lake was assumed to lose 1 cfs per
day in seepage and 1.5 ft per year in evaporation.

Pearrygin Lake is operated by Chewack Canal Company. Pearrygin Lake was assumed to
have no measurable natural surface inflow. Chewack Canal Company has an annual storage
right of 1,000 AF. Pearrygin Lake has an active capacity of 1,000 AF within the normal
operational range of 5 feet. The surface area is assumed to be 200 acres at low pool and 210
acres at full pool. Pearrygin Lake seepage rate was assumed to be zero. Evaporation was
estimated to be 1.5 feet per year.

Storage Reservoir Operations

Operational characteristics used in the model for each reservoir are as follows:

100803rhal

Chewack Canal company attempts to fill Pearrygin by May 1 and diverts from the Chewuch
River beginning April 1 at the rate shown in Table 4-2. Chewack Canal Company maintains
a feeder canal to Pearrygin Lake that was simulated to have a capacity of 9 cfs. Currently
Chewack Canal Company keeps Pearrygin Lake full until the beginning of August.
Beginning in August, Chewack Canal Company lowers Pearrygin 2.5 feet by the end of each
season if water is not used to meet demand below the lake. Pearrygin Lake water is released
to the lower portion of the Chewack Canal via a natural drainage and feeder canal. It was
assumed that the demands for the lower Chewack Canal sub-area were 18 cfs. If inflows to
the Chewack Canal below the Pearrygin Lake return are lower than 18 cfs, then Pearrygin
Lake was used to make up the difference.

Water is released out the north end of Patterson Lake to a natural drainage for use lower in
the drainage by WCRD for irrigation. The seasonal release pattern is shown in Table 4-5.
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44 Alternative 2: Add 5,253 AF Storage to Basin (Pearrygin, Patterson, Elbow Coulee,
Deadhorse Reservoir)

4.4.1 [Irrigation Diversions

Existing diversions were simulated the same as in Alternative 1, with the following exceptions:

e The WCRD canal capacity was increased to 20 cfs.
* Unused Pearrygin Lake irrigation storage was allowed to carryover to the next year.

44.2 Storage

Alternative 2 simulates the additional basin storage of 5,253 AF used to maintain target flows in the
Twisp and Chewuch Rivers. Patterson and Pearrygin Lakes were increased by 1,500 AF and 638 AF
respectively. The Uphill Reservoir, with 160 AF of capacity, was added off of Skyline Canal. Elbow
Coulee and Deadhorse Reservoirs were added in the Twisp River drainage, with capacities of 1,275
AF and 1,680 AF respectively. Table 4-6 is a summary of added storage simulated for Alternative 2.

443 Storage Reservoir Operations

44.3.1  Alternative 24: Storage Release to ESA Target Flows

Diversions to fill the new storage are subject to ESA target flows. The added storage in Patterson
Lake was moved from Patterson to fill Elbow Coulee Reservoir via a 20 cfs pipe. If Elbow Coulee
Reservoir became full, water was put into Deadhorse Reservoir via the TVPI Canal. The additional
storage in Patterson and Elbow Coulee and Deadhorse storage was released to the Twisp River to
maintain a 40 cfs target flow (Table 4-1).

The additional Pearrygin Lake storage was released to the Chewuch River to maintain the 80 cfs
target flow. Uphill Reservoir was used to maintain the Skyline Canal at 9.5 cfs.

4.4.3.2  Alternative 2B: Storage Release to Canals
Operations are the same as Alternative 2A with the following exceptions:
* Storage from Patterson Lake was released to the TVPI canal when Twisp River diversions

would cause flows to drop below target flow requirements. TVPI diversions were reduced to
allow others to meet demands.

e Storage from Pearrygin Lake was released to Chewack Canal when Chewuch River
diversions would cause flows to drop below target flow requirements. Chewack Canal
diversions were reduced to allow Skyline and Fulton Canals to maximize supply.

4.4.3.3  Alternative 2C: Storage Release to Washington State Baseflows
Storage was released to the river when any gage flow dropped below state baseflow requirements.

No limit was put on releases. However, Uphill Reservoir was operated as in Alternative 2A, using
the storage water to maintain 9.5 cfs in Skyline Canal.

100803rhat
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4.5 Alternative 3: Add 2,298 AF Storage (Pearrygin, Uphill, and Patterson only)

4.5.1 [Irrigation Diversions

Existing diversions were simulated the same as in Alternative 1, with the following exceptions:

e The WCRD canal capacity was increased to 20 cfs.
¢ Unused Pearrygin Lake irrigation storage was allowed to carryover to the next year.

452 Storage

This alternative operates the same as Alternative 2a, but has only 2,298 AF of added basin storage.
The added storage is for Patterson and Pearrygin Lakes and Uphill Reservoir only. The added storage
in Patterson Lake is diverted over to the Twisp River via Elbow Coulee. The diversion from

Patterson Lake to Elbow Coulee was limited to 20 cfs.

4.5.3 Storage Reservoir Operations

4.5.3.1  Alternative 34: Release to Target Flows

As in Alternative 2a the stored water is released directly to the river when the target flows are not
met. Patterson Lake water is released via the canal on the north end of lake. No limit was put on
releases.

Uphill Reservoir was operated the same as in Alternative 2.

4.5.3.2 Alternative 3B: Release to Canals

Storage water is released to TVPI Canal and Chewack Canal from Patterson and Pearrygin Lakes
respectively.

Uphill Reservoir was operated the same as in Alternative 2.
4.5.3.3  Alternative 3C: Release to Washington State Baseflows

Storage is released directly to the river when state base flows downstream are not met. No limit was
put on releases.

Uphill Reservoir was operated the same as in Alternative 2.
4.6 Model Results
Table 4-7 summarizes the results of the analysis.

4.6.1 Current Conditions

Under current conditions, the model predicts that water is available for storage as follows:
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Gage Available above ESA Targets | Available above WDOE
(mean/minimum) Baseflows (mean/minimum)
Methow at Winthrop NA 327,330 AF/39,300 AF
Methow at Twisp NA 353,370 AF/31,640 AF
Methow at Pateros NA 359,360 AF/25,340 AF
Chewuch at Winthrop 123,920 AF/9,430 AF 102,180 AF/1,420 AF
Twisp at Twisp 88,940 AF/18,910 AF 62,200 AF/9,040 AF
Wolf Creek at Winthrop 11,000 AF/1,710 AF NA

Under current conditions, the model predicts that target flows or state baseflows are not met as

follows:

Gage Days and Volume Below ESA | Days and Volume Below
Targets WDOE Baseflows

Methow at Winthrop ) NA 28 days, 4,650 AF

Methow at Twisp NA 103 days, 29,330 AF

Methow at Pateros NA 123 days, 57,440 AF

Chewuch at Winthrop

49 days, 3,090 AF

90 days, 7,420 AF

Twisp at Twisp

39 days, 1,340 AF

106 days, 10,010 AF

Wolf Creek at Winthrop

NA

NA

Under current conditions, the model predicts that current streamflows and storage capacities do not

cause significant shortfalls in irrigation deliveries for the Fulton, Chewuch, MVID, TVPI, Twisp
Other, Foghorn and Barkley systems. The shortfalls predicted in the model (generally less than 3

days) are within the range of accuracy for the model. Shortfalls are present for Skyline (37 days) and

WCRD (21 days) as a result of ESA target flow requirements.

4.6.2 Added Storage and Ability to meet ESA Target Flows

With the addition of storage, the ability to meet ESA target flows is improved:

¢ On the Chewuch, increased storage in Pearrygin Lake and Uphill Reservoir (Alternatives 2
and 3) reduces the number of days below ESA target flows from 49 days to 35 days if storage
is released to meet target flows, and to 30 days if storage is released for canal delivery. The

improvement to streamflow is greater when storage is used to meet canal delivery.
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¢  On the Twisp (Alternative 2) storage in Patterson Lake, Elbow Coulee and Deadhorse
Reservoir, reduces the number of days below target flows from 39 days to 6 days if storage is
released to meet target flows, and to 12 days if storage is released for canal delivery. In this
case, the improvement to streamflow is greater when storage is used to meet target flows.

¢  On the Twisp, if Elbow Coulee and Deadhorse Reservoir are not used (Alternative 3), the
additional storage in Patterson Lake reduces the number of days below target flows from 39
days to 28 days if storage is released to meet target flows, and to 21 days if storage is released
for canal delivery. In this case, the improvement to streamflow is greater when storage is
used to meet target flows. This also shows that Elbow Coulee and Deadhorse Reservoir are
important components of a storage system for the Twisp.

4.6.3 Added Storage and Ability to meet WDOE Baseflows

With the addition of storage, the ability to meet WDOE baseflows is improved only slightly. Storage
reduces the number of days below WDOE baseflows by 3 days on the Methow River, 3 days on the
Chewuch River, and 6 days on the Twisp River.

4.6.4 Added Storage and Ability to meet Canal Delivery

With the addition of storage, the ability to meet canal delivery requirements is improved for the
Skyline and WCRD systems:

e For Skyline, increased storage in Pearrygin Lake and Uphill Reservoir reduces the number of
days of irrigation delivery shortfall from 37 days to 24 days if storage is released to meet
target flows, and to 20 days if storage is released for canal delivery.

e For WCRD, storage in Patterson Lake, Elbow Coulee and Deadhorse Reservoir, reduces the
number of days of irrigation delivery shortfall from 21 days to 7 days if storage is released to
meet target flows, and to 6 days if storage is released for canal delivery.

The addition of storage has some effect on the ability to meet delivery requirements at other irrigation
canals depending on whether storage is released to meet target flows or for canal delivery:

 If storage is released directly to the river to meet target flows, the number of shortfall days
remains essentially unchanged.

o If storage is released directly to canals during periods when target flows are not met, the
number of shortfall days increases for Fulton, MVID west, and Twisp Other.

4.6.5 Storage Utilization

The maximum amount of storage present and the storage present at the end of the irrigation season
provides an indication of how well storage is utilized. Utilization of each storage reservoir is
described below:

¢ Pearrygin Lake, on average, reached 97% of its storage capacity when storage was used to
release directly to the river to meet target flows. When storage is used to release directly to
canals, Pearrygin Lake, on average, reaches 80% of its total storage capacity.

e September 30" storage volume on Pearrygin Lake is, on average, 1,120 AF (70% capacity)
when storage is used release directly to the river to meet target flows. When storage is used
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