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a. Abstract 
Anadromous salmonids in the Columbia River Basin depend on exchanges between ground water and surface water to maintain perennial aquatic habitat, to moderate extreme winter and summer water temperatures, and to transport dissolved oxygen to eggs buried in streambed sediments.  The U.S. Geological Survey (USGS) proposes to characterize the location and magnitude of ground-water and surface-water exchanges in the Methow, Twisp, and Chewuch Rivers.  The project will use sequential discharge measurements along the rivers to locate and quantify exchanges at a reach scale.  Detailed investigations will be conducted in reaches with large exchanges using in-stream piezometers to measure the local hydraulic and thermal gradients between ground and surface waters and thermistors to measure variation in water temperature along the rivers.  The results of the field investigations will be integrated with existing ground-water data for the Methow subbasin to analyze the sources of ground water discharging to the rivers.   Specific products from the project include:  1) estimates and a map of the areas of upwelling and downwelling flow for the Methow, Twisp, and Chewuch Rivers; 2) estimates and a map of reaches with perennial flow; 3) a map of water-temperature extremes for both summer and winter; and 4) a brief assessment of potential sources of recharge for the shallow ground water.  The results of the investigations will be relevant for understanding the relations between ground-water and surface-water exchanges and salmonid habitat; estimating the habitat available to anadromous salmonids, particularly spring chinook, in the Methow subbasin; and assessing the hydrologic opportunities and constraints for salmonid habitat restoration in the subbasin.

b. Technical and/or scientific background
Alluvial aquifers formed by the shallow, unconsolidated sediments deposited in river valleys provide the source of baseflow for many rivers in the Columbia River Basin.  The rivers, in turn, recharge alluvial aquifers during periods of high flow.  The exchanges between ground water and surface water reduce natural hydrologic variability the basin, where precipitation and runoff are distributed unevenly through the year.  The exchanges are critically important in the tributaries to the Columbia River where ground-water discharge maintains baseflow during the dry periods of late summer through the winter.  

Anadromous salmonids in the Columbia River Basin depend on the exchanges between ground water and surface water for spawning, incubation, and growth prior to their migration to the Pacific Ocean.  At the most fundamental level, the spatial extent of aquatic habitat during baseflow conditions is determined by the location and quantity of ground-water discharge in a river network (Konrad, 2000).  The wetted area and depth of a river are fundamental factors determining the carrying capacity of river networks for all obligate aquatic species including salmonids (Bjornn and Reisner, 1991).  Because ground-water discharges maintain baseflows in the Methow subbasin, the location and magnitude of the discharges dictate the limits of perennial flow and, thus, the extent of incubating habitat available to spring chinook during the autumn and winter.  Ground-water discharge is also likely to be an important process supporting rearing habitat for all salmonids in the spring and late summer.

Habitat availability as expressed in terms of instream flows was identified as a limiting factor for salmonid productivity throughout the Methow subbasin (WSCC, 2000; CBFWA, 2001).  The source of instream flow during low-flow periods is ground-water discharge.

Ground-water discharge also moderates extreme water temperatures in rivers.  As with instream flow, the availability of thermal refugia for salmonids during the summer and winter is controlled by the location and magnitude of ground-water discharge.  High water temperatures in the summer and low water temperatures in the winter have been identified as potential limiting factors on salmonid productivity in the Methow River Basin, though temperature data are generally lacking for the basin (WSCC, 2000; CBFWA, 2001).

Exchanges of water from rivers to ground water are also important in the life cycle of salmonids.  The interstitial flow of water from a river transports dissolved oxygen to salmonid eggs incubating in the river bed (Chapman, 1988).  Downwelling flow is a common feature of the preferred location for redd construction at the tail of pools (Bjornn and Reiser, 1991).  However, reaches where surface flow is less than the potential seepage rates into the river bed will dry up, stranding fish, dewatering redds, and presenting barriers to migration to perennially flowing reaches further upstream.  An understanding of the location and magnitude of downwelling flow is vital for assessing current availability of habitat as well as the potential for restoring habitat in the Methow subbasin.

c. Rationale and significance to Regional Programs
The proposed research project will provide fundamental information necessary for understanding the population biology and ecology of anadromous salmonids in the Methow River basin.  The proposed project is anticipated to contribute to:  1) a better understanding of the relations between hydrology and salmonid productivity; 2) improved estimates of current spawning and rearing habitat in the subbasin; and 3) identification of potential spawning and rearing habitat based on hydrologic criteria.  The project will support the Methow Subbasin Summary Habitat Objective 2 (to improve instream water quantity and quality in the subbasin) and Fish Objectives 2 and 3 for spring chinook and summer steelhead (determining salmonid productivity)(CBFWA, 2001).

The project addresses the Methow Subbasin Summary Habitat Need for a better understanding of the hydrologic processes that maintain salmonid habitat in the subbasin (CBFWA, 2001).  The project also addresses the Fish Needs for correlating ground-water discharges to fish abundance and estimating the carrying capacity of the subbasin for spring chinook (CBFWA, 2001).

The project responds to the 2000 FCRPS Biological Opinion objectives for tributary habitat (Section 9.6.2.1, NMFS, 2000).  In particular, the proposed project will provide information on current water-quantity and water-quality conditions in the Methow subbasin as they relate to anadromous salmonid habitat and the potential for expanding the available habitat based on hydrologic conditions.  This information directly supports Reasonable and Prudent Alternatives #151 (increase tributary inflows) and #152 (offsite habitat-enhancement measures).

d. Relationships to other projects 
 The USGS is currently investigating ground-water and surface-water resources in the Methow subbasin. As part of the current investigation, the USGS is collecting and analyzing hydrologic data to improve the understanding of hydrologic processes in the subbasin in support of planning efforts aimed at assessing water availability in the subbasin.  The proposed project will build on the results of the current investigation by focusing specifically on the influence of ground-water and surface-water exchanges on salmonid habitat.

The results from the current USGS investigation will serve as a solid background for the proposed project by providing:  1) an overview of the hydrogeology of alluvial aquifers throughout the basin; 2) reconnaissance-level information on the location of ground-water and surface-water exchanges along the mainstem of the Methow River and lower Twisp River; and 3) a detailed analysis of ground-water and surface-water exchanges in the lower Twisp River valley.  Although these investigations are directly relevant to the objectives of the proposed project, they have not focused on issues specifically related to salmonid habitat or they do not address these issues comprehensively for the subbasin.

The USGS also operates a network of 16 stream gages that provide a continuous record of streamflow throughout the Methow River Basin.  The Bonneville Power Administration funded two of the gages during FY 2001 and may continue its support for these gages in FY 2002.  Data from the gages will assist in identifying gaining and losing reaches, quantifying the gains and losses, and documenting the temporal patterns of ground-water and surface-water exchanges including their annual variation.

The proposed project will support other research and habitat protection/restoration projects in the subbasin.  The estimates of the extent of specific types of habitat (area of perennial flow, area of downwelling flow) will improve efforts by Washington Department of Fish and Wildlife to estimate the carrying capacity for spring chinook in the basin (Fish Objective 2 for spring chinook and summer steelhead and Fish Needs  in CBFWA, 2001) and to resolve the types of habitat that may be limiting salmonid productivity (Fish Objective 3 for spring chinook and summer steelhead in CBFWA, 2001).  Maps of ground-water and surface-water exchanges and perennial flow will help identify critical reaches for habitat protection and restoration projects (Habitat Objective 2 in CBFWA, 2001).  This information will also be useful for assessing hydrologic constraints and opportunities at sites throughout the subbasin and whether proposed restoration projects are likely to be successful based on hydrologic considerations.

e. Project history (for ongoing projects) 

This is a new project.

f. Proposal objectives, tasks and methods
The primary objective of the project is to locate and quantify exchanges between ground water and surface water that influence anadromous salmonid habitat in the Methow, Twisp, and Chewuch Rivers.  This objective will be addressed through a field investigation.  The investigation will focus on spring chinook habitat and, consequently, will consider the seasonal timing of these exchanges as they relate to the spring chinook life cycle.  Fisheries biologists with the USGS Western Fisheries Research Center, National Marine Fisheries Service Northwest Science Center, and Washington Department of Fish and Wildlife will be consulted to provide a critical review of the approach and proposed analysis for this objective.  The proposed project will have five tasks.

a.
Conduct seepage runs along the Methow, Twisp, and Chewuch Rivers

Reaches with large exchanges between ground and surface waters (gains and losses in river flow) will be identified using a series of simultaneous discharge measurements or seepage runs.  Seepage runs will be conducted during low-flow periods in the autumn, winter, early spring, and late summer.  During each seepage run, discharge measurements will be made approximately every 2 to 10 km along perennially flowing reaches of the Methow, Twisp, and Chewuch Rivers and at the mouths of major tributaries.  Gains and losses in river flow will be calculated for each reach.  Discharge measurements will be made according to USGS protocol, which includes quality assurance/quality control procedures, and will be published in the USGS Washington District’s Annual Data Report.  An example of the results of a seepage run conducted on the mainstem Methow River in September 2001 are provided in Figure 1.

b. 
Measure water temperatures

Water temperature will be measured continuously at selected points in the Methow, Twisp, and Chewuch Rivers, with an emphasis on gaining reaches or other areas with strong thermal gradients (where temperature varies significantly along a reach).  Synoptic measurements will be made along selected reaches during periods of expected summer maximum and winter minimum temperatures (August and January, respectively) to improve the definition of spatial patterns in water temperature.  Water temperatures will be measured with calibrated thermistors.  Water temperature data collected by other organizations (for example, U.S. Forest Service and Pacific Watershed Institute) will be incorporated in the analysis.

c.
Analyze local hydraulic conditions using in-stream piezometers

The rate of ground-water and surface-water exchanges is determined by the permeability of the river bed and the hydraulic gradient (the difference in specific energy or head) between the river and the underlying aquifer.  The hydraulic gradient will be measured at selected locations in the rivers using in-stream piezometers (pipes driven into the river bed) (Geist and others, 1998).  This task will be conducted in the spring, after fry have emerged from gravels, and in the summer before adults have migrated into the river.

d.
Identify potential sources of ground-water recharge

The hydrogeologic framework and ground-water surface maps developed by USGS for the Methow subbasin will be used to predict the direction of shallow ground-water flow in the vicinity of gaining reaches identified in tasks a., b., and c.  This task is analogous to determining the direction of overland from a topographic map, but uses the steepest gradient in the potentiometric surface of shallow ground water rather than steepest gradient of the land surface.  The potential sources of recharge for the shallow ground-water flow paths will be discussed including losing reaches of the rivers, upland areas that receive substantial snowfall but generate little runoff, side canyons and coulees, deep aquifers, alluvial fans, and unlined irrigation ditches.

e.
Prepare summary report

A USGS report summarizing the field investigation will be prepared.  The report will include:  1) estimates and a map of the areas of upwelling and downwelling flow for the Methow, Twisp, and Chewuch Rivers; 2) estimates and a map of reaches with perennial flow; 3) a map of water-temperature extremes for both summer and winter; and 4) a brief assessment of potential sources of recharge for the shallow ground water.  See Figure 1 for an example of the maps.  The report will compare available data on fish distribution (for example, redd counts by tributary) to the hydrologic conditions such as wetted area during periods of low flow (autumn and winter), area of downwelling flow in the reaches with perennial flow, and area of thermal refugia.  The report will discuss the current availability of habitat for anadromous salmonids, particularly spring chinook, and the potential for additional habitat restoration based on hydrologic conditions in the Methow, Twisp, and Chewuch Rivers.  The report will be peer-reviewed by at least two scientists outside the USGS Washington District.  USGS will publish and distribute the report (including electronic distribution through the USGS web site). 
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Figure 1.  Map of gains and losses along the mainstem of the Methow River, Washington for September 2001.

g. Facilities and equipment
Most of the facilities and equipment needed for this project will be provided by USGS Washington District including office space, vehicles, computers, and some field equipment.  Funds to purchase one current meter, two thermistor/loggers, and materials for constructing the instream piezometers are requested as part of the project budget.
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Christopher P. Konrad, Hydrologist, 0.3 FTE.  Dr. Konrad will be project manager with principle responsibility for design and implementation of the investigation and report preparation.  (CV below)

Robert W. Black, Biologist/Supervisory Hydrologist, 0.1 FTE.  Mr. Black will advise on project design and analysis of the influence of hydrologic conditions on salmonid habitat. (CV below)
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