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a. Abstract

The goal of this innovative research project is to investigate the potential for increasing instream flow and groundwater resources in the Pacific Northwest by adopting best agricultural land management practices.  Low summer instream flow and associated high water temperature are two critical impairments of salmon habitats.  The low stream flow is partially caused by the climatic pattern of the region where little precipitation occurs in summer when the water resource is in great demand whereas the majority of the precipitation occurs in winter resulting in excessive surface water.  An increase in water availability during the summer can be achieved by altering the hydrological imbalance.  For the mainstems of the Snake and Columbia Rivers, this is achieved by flow regulation using reservoirs created by dams.  However, limited options are available for maintaining stream flow in the tributary areas where juvenile fish spend the critical period of their life history.  

The hypothesis of this research project is that the vast soil profile and aquifers can be used during the rainy season to store water, which can later be gradually released into the stream for salmon restoration and water resource enhancement.  Certain types of agricultural management practices such as no-till have been shown to enhance infiltration. The infiltrated water, which would otherwise have become excessive runoff, will contribute to the water resources that can be utilized later. The specific objectives of this project are to  (1) determine the infiltration characteristics of agricultural land under different management practices in the Pacific Northwest, (2) investigate the flow and release of the infiltrated water to the stream, (3) develop a mathematical model for simulating stream flow enhancement under different agricultural practices, and (4) disseminate the information to governmental agencies and producers.

This is a collaborative project between Washington State University and the Pomeroy Conservation District. It will be conducted in the Pataha Watershed, a model watershed designated by the Bonneville Power Administration. The research approach involves field measurement, monitoring, modeling and computer simulations.  The outcome of the project will have a region-wide impact by improving habitats for not only salmon, but also resident fishes.  The project is innovative in that this method of increasing underground water storage and stream flow through enhanced infiltration has not been applied to fish or wildlife management.  In addition, some experimental methods proposed in this study are new to fish and wildlife research.

b. Technical and/or scientific background

The problem

Low summer instream flow is a critical impairment of salmon habitats.  Low flow reduces the 
available rearing habitat, hinders the movement of juveniles, and affects adult migration.  Moreover, low flow will cause
 elevated stream temperatures, which has been a focal point of salmon restoration efforts because temperature directly affects the entire aquatic ecosystem including fish survival, growth, and reproduction (Sinokrot and Stefan, 1993).   High stream temperatures have reduced or eliminated a large percentage of habitat in agricultural watersheds during summer and fall throughout the Northwest. Many streams in the Pacific Northwest have been placed on the 303 (d) list due to temperature related problems.

 Low instream flows in summer are mainly caused by two factors.  The first is the climatic pattern of the Inland Pacific Northwest. The nature of the hydrological cycle of the inland Pacific Northwest involves a precipitation imbalance over the course of the seasons.  Typically, the majority of the annual precipitation occurs during the winter season and only a small amount of (or even no) precipitation occurs during summer time when water resources are in great demand.  After the snow melts in early summer 
in the mountainous headwater areas, instream flows decrease significantly because of the absence of surface runoff from rainfall.  The second factor is human activity.  Water consumption for agriculture and other human needs increases during summer time creating more competition for the limited resources.

Logical need for research

Consumption reduction and source enhancement are logical solutions to the instream flow problems.  Although both aspects have room for improvement, this study focuses on the latter. Low instream flows and associated high temperature problems have become such critical factors in many watersheds that building water retention facilities in headwater areas has been proposed as a potential solution. Such a solution can be very costly and its ecological impacts are unknown. Given the fact that stream flows are mainly supplied by the water infiltrated into the subsurface (USEPA, 1991a), we propose a solution to enhance water resources based on the principle of groundwater-surface water interactions.  The strategy is to store water in the soil profile and aquifers during the rainy season through increased infiltration. Subsequently, the infiltrated water will either be directly released into streams through lateral flows or recharge the groundwater, which will make its way to the streams eventually.  As a result of this approach, the excess rainwater of the rainy season will be stored in subsurface and can be later utilized to enhance the base flow of the stream during summer time.  The function of groundwater storage is equivalent to that of reservoirs except that water movement is regulated by the hydraulic conductivity of the soil and the head difference between the water table and the stream surface.  These reservoirs, however, are created naturally rather than artificially.  

The strategy of enhancing water resources through improved infiltration offers a natural way to alter the hydrological imbalance and may have a great potential to become one of the most effective and economical options in the tributary areas.   Past research has shown that certain agricultural management practices such as no-till may enhance infiltration and groundwater recharge.  However, no scientific studies have been carried out to date to investigate the potential of increasing groundwater recharge through no-till for improving salmon habitats.  Many questions related to this approach are yet to be answered. For instance, how much difference in infiltration amount will different agricultural management practices make?  Will continuous no-till systems maintain infiltration through periods of soil freezing under conditions of high soil-water content as is common in the winter season in the inland Pacific Northewest? How long will it take for the infiltrated water to contribute to the base flow and how much of the infiltrated water will contribute?

Technical background

Infiltration and surface runoff are the major processes in the hydrological cycle; and infiltration is the main mechanism of groundwater recharge.  For a given amount of precipitation, surface runoff decreases as infiltration increases.  In the inland Pacific Northwest, excess surface runoff caused by increased precipitation during the winter season can lead to excessive erosion and flooding events.  Increase in infiltration will help not only to enhance groundwater resources, but also to alleviate the erosion problems associated with excessive surface runoff.

Increasing water infiltration also enhances instream flow.  Streams interact with groundwater in all types of landscapes. Groundwater contributes to streams in most physiographic and climatic settings, and, essentially, groundwater and surface water act as a 
 single resource (Winter et al., 1998).  In many parts of the inland Pacific Northwest, perennial streams are mainly supported by groundwater discharge.

Groundwater and surface water interaction has been a topic of many studies.  These studies included strategies for monitoring and evaluation (Cey et al., 1998), methods for determining flow sources (Reichard et al., 1998) and direction (Mull, 1993), and procedures related to stream-aquifer interaction modeling (Jorgensen et al., 1989a, b; Swain et al., 1996).  These investigations, though not addressing the specific problems and needs in the inland Pacific Northwest, can provide information and serve as references for the proposed study.

Previous studies have indicated that increased infiltration is achievable by adopting appropriate agricultural management practices.  It was reported that continuous no-till systems enhanced the development of macropores that are mostly created by soil organisms (worms) and plant roots, and thus increasing the hydraulic conductivity and infiltration capacity of soil (Tyler and Thomas, 1977; Edwards et al., 1988). In contrast, conventional tillage destroys these channels reducing infiltration and creating more runoff.

There are other advantages associated with no-till farming. For instance, when the soil is maintained under no-till practices, the residues remaining on the ground will increase the levels of organic carbon and water-stable soil aggregates, which will lead to increased infiltration (McGregor et al., 1975; Moldenhauer et al., 1983; West et al., 1992). Moreover, the amount of evaporation from stubble covered no-till fields is smaller than that from bare soils of conventional tillage areas, leaving more water available for crops (Blevins et al., 1983; Brun et al., 1986). Based on the study of Golabi et al. (1988) in Georgia, long-term no-till systems allowed more water infiltration into the soil than conventional treatments.  McGee et al. (1997) determined that no-till treatments resulted in more water storage for the crops than the conventional tillage practice in wheat fallow systems in Colorado.  A similar conclusion was obtained by Blevins et al. (1983) in soils under 10 years of no-till and conventional tillage, respectively, in Kentucky. Radcliffe et al. (1988), compared soils with 10 years of conventional tillage to those with no-till histories, and found that infiltration rates were more than doubled in no-till fields compared to  those with conventional tillage.

No-till farming has also been recommended as a best management practice (BMP) for reducing soil erosion by increasing surface residues and reducing surface runoff (Shelton et al., 1983).  Surface residues affect erosion by decreasing the soil surface area susceptible to raindrop impact, reducing the velocity of runoff water and hence its transport capacity, and by creating mini-ponds that result in deposition behind clumps of residue (McCool et al., 1997).  Additionally, in cold regions, the surface residues resulting from no-till help insulate the soil surface and shorten the period the soil stays frozen in winter time, thus increasing soil infiltration 
and reducing runoff and erosion.

Some preliminary work has been done by the Principal Investigators on related topics.  Dr. Shulin Chen has been working with the Pomeroy Conservation District for over two years monitoring the flow and water quality of the Pataha Creek.  Preliminary data collected in Spring 2000 from the Pataha Watershed showed increased permeability in no-till fields as compared with the fields under conventional tillage.  In addition, Dr. Chen is leading a research project investigating groundwater-surface water interaction in a sub-watershed near the Pataha Watershed as part of a grant from the USDA.  Quantifying hydrologic processes has been the major research focus of Dr. Joan Wu. She has successfully applied stochastic simulation techniques in characterizing water flow and chemical movement in the root zone. She has also conducted a study modeling  groundwater flow in response to alternative agricultural management practices. Currently, Dr. Joan Wu and her team are working on quantification of water erosion processes under the climatic conditions of the Pacific Northwest. The research effort involves both laboratory experimentation and computer modeling.

c. Rationale and significance to Regional Programs

Relationship to the specific objectives of the Council’s Fish and Wildlife Program, NMFS Biological Opinions or other plans

This project fits well with the objectives of the Northwest Power Planning Council (NPPC) and the salmon rebuilding plan.  The proposed strategy to increase water resources through enhanced infiltration is applicable to a large region, in particular the dryland areas located in eastern Washington, Northern Idaho and Northeastern Oregon.  While being one of the most productive dryland wheat producing regions in the US, this area also has premium habitat for several salmon species, of which many are listed as endangered and threatened.  In the Washington portion of the lower Snake Drainage alone, the endangered and threatened species include steelhead, sockeye, spring/summer-run Chinook, fall-run Chinook and Bull Trout.  In the 1994 Fish and Wildlife Program, NPPC has developed a major part of the framework around plans for rebuilding  each of the Snake River Chinook populations. The Council has set rebuilding targets for both wild and naturally spawning Snake River salmon populations above the Lower Granite Dam as follows: annual averages of 50,000 adult spring Chinook, 20,000 adult summer Chinook and 1,000 adult fall Chinook.  The Council has also developed habitat policies that call for improving and maintaining coordination of land and water activities to protect and improve the productivity of salmon and steelhead stocks. NPPC encourages private parties to be proactive and to work cooperatively with resource managers to maintain and improve habitats, and gives priority to habitat projects that have been integrated into broader watershed improvement efforts and that promote cooperative agreements with private landowners.  For actions that increase habitat productivity or quantity, the 1994 Fish and Wildlife Program gives priority to those that maximize the desired results for each dollar spent.

Consistency with the recommendation of the Independent Scientific Group

Technically, the proposed project fits well with the recommendation of the Independent Scientific Group (ISG, 2000) for fish habitat restoration in the Inland Pacific Northwest.

Habitat degradation has been considered a major contributing cause of population decline.  The ISG concluded that salmon recovery in the mid-Columbia Rivers is directly tied to substantial improvements in habitat conditions.  The ISG also concluded that greater attention should be paid to the habitat effects of stream regulation.  The ISG believes that habitat restoration using artificial structures has failed to mitigate the adverse effects of temperature alteration, sedimentation, and simplification of habitat structure and processes resulting from upland and riparian land use activities. It was recognized by the ISG that complex interactions between groundwater and surface water are key attributes of high quality riverine habitat for Salmonid fish in the Columbia River.  For example, groundwater upwelling areas are hot spots of bioproduction because the plant available nutrients generally accumulate in groundwater flow pathways. 

 In addition to increasing groundwater recharge, this project will help to prevent the adverse effects of increasing stream temperatures. The 1994 Fish and Wildlife Program of the Northwest Power Planning Council recommends that habitat restoration efforts in tributaries should maintain a temperature in historically useable spawning and rearing habitat of  less than 60 (F, not to exceed 68 (F.  The ISG concluded that high temperatures in the later summer and fall are detrimental to both Juvenile and adult salmon in the mainstem and tributaries.  The ISG recommended the consideration of 
 temperature in tributaries as part of the environmental change that has fragmented salmonid habitat, and that programs should be developed to restore temperatures to more normative conditions.  The increased availability of groundwater upwelling and instream flow will help to reduce summer stream temperature.  

Benefit target species/indicator populations and non-target species

Clearly, the project will benefit the threatened and endangered species listed for the inland Pacific Northwest.  Based on the monitoring record of several key streams ( Asotion Creek, Tucannon River, Pataha Creek) in this region,  instream flows declined significantly during the summer time and the temperature rose to levels that can be damaging to the habitat.  Increasing instream flow and reducing summer temperature will definitely benefit the fish species in these streams. 

Moreover, the benefits resulting from this research will be sustainable and long-term in nature.  First, the strategy is based on the use of natural hydrological processes. Unlike a structure, such an approach does not have a defined lifetime and thus can provide benefits year after year.  Secondly, the proposed strategy does not sacrifice  any sector of the economy.  Third, it is consistent with other objectives of watershed management such as erosion and sediment control. Fourth, the proposed strategy does not conflict with other restoration activities such as the use of instream structures and riparian buffers. 

d. Relationships to other projects 

Relationships with other relevant projects in progress 

This project will be conducted in an area that has been considered critical to salmon restoration where many previous and on-going efforts exist.  The test watershed is the Pataha Creek Watershed in southeastern Washington, a watershed of 185 square miles within which non-irrigated cropland forms the dominant land use.  Winter wheat, spring wheat, barley, peas, and bluegrass seed are the major crops grown.  Pataha Creek discharges directly into the Tucannon River, a stream of vital importance for improving salmon habitat and restoring salmon runs in the Pacific Northwest. 

In 1993, the Northwest Power Planning Council and the Bonneville Power Administration (BPA) designated the Pataha Creek Watershed as a “model watershed”. The designation of model watershed encourages development, implementation, and funding of coordinated habitat protection and improvement activities.  In order to evaluate and promote conservation practices in the watershed, the Pataha Creek Model Watershed Plan was developed by the Pomerory Conservation District Landowner Steering Committee and a Technical Advisory Committee involving the Washington Department of Fish and Wildlife, USDA Natural Resources Conservation Service (NRCS), Bonneville Power Administration, and USDA Forest Service.  The Pataha Creek Model Watershed Plan coordinates the application of recommended activities that improve instream fish habitat, reduce water temperatures, reduce sedimentation rates, and maintain perennial flow.  The Bonneville Power Administration has been funding implementation activities in the last decade in the watershed for adopting agricultural BMPs.  

The proposed project is closely related to many other habitat projects in this region.  It addresses key regional habitat problems that concern both the Northwest Power Planning Council and other federal governmental agencies.  It has been acknowledged by the NRCS, the Forest Service, and the Department of Fish and Wildlife, and the conservation districts, that on-site field evaluation and documentation of the effectiveness of BMPs for conserving water quality, is critical for farmers making management decisions.  In the dryland agriculture region, both agencies and farmers wish to see local data as evidence of the effectiveness of no-till practices. If proven significant, the contribution of no-till practices to stream base flow alone, will justify the provision of additional incentive to adopt this practice for the purpose of salmon habitat restoration
. 

e. Proposal objectives, tasks and methods

Objectives
 

The ultimate goal of this innovative project is to increase instream flow and enhance water resources in the Pacific Northwest by adopting best agricultural land management practices. The specific objectives of this project are to (1) determine infiltration characteristics of agricultural land under different management practices in the Pacific Northwest, (2) investigate the flow and release of the infiltrated water to the stream, (3) develop a mathematical model for simulating stream flow enhancement under different agricultural practices, and (4) disseminate the information to agencies and producers. 

The overall project goal fits well with goals of fish and wildlife program, as flow and temperature are two critical issues to be addressed in the habitat restoration efforts.  The hypothesis of this research project is that there is great potential to use the vast subsurface to store water during the rainy season for subsequent release to the stream for flow enhancement.  The potential can be demonstrated with a rough estimation: If the annual infiltration amount in the entire Pataha Watershed (185 square miles) can increase by one inch, the amount of groundwater increased will be 669 million cubic feet.  If all the groundwater is later discharged to Pataha Creek, it will result in an increase of 
13.5 cfs on an annual average, which is several times higher than the typical summer flow in the creek.  

It is difficult to predict the benefits of the project in terms of the increase in number of returning fish.   However, based on the monitoring record of the last two years, the temperature in both Pataha Creek and Tucannon River exceeded 68 (F for July and August.  If the temperature can be reduced by increasing instream flow, the increase in the number of fish return can be estimated based on the quantitative relationship between rearing capacity and temperature as discussed by McCullough (1999).   

The project will be completed in three years.  The first year will be focused on the study of infiltration, the second year will be focused on model development and instream flow monitoring, and the last year will be focused on results, verification and information dissemination. All the specific objectives will produce measurable deliverables.

Tasks and Methods
 

Objective 1.  Investigate infiltration characteristics of agricultural land under different management practices in the Pacific Northwest

Task 1.1.  Infiltration plots installation, measurement, and data analysis

The purpose of this part of the study is to document the difference in infiltration rate as a function of the number of years of no-till compared with the traditional tillage practice.  Wheat fields where no-till systems have been practiced for a different length of time (1, 3, 6, and >8years) will be identified.  These fields should have similar soil types and precipitation conditions.  Three additional fields with traditional tillage practice will be selected as controls.  Field selection will be accomplished with assistance from the NRCS, the Pomeroy Conservation District, and growers in the watershed. 

Runoff plots will be established on the selected fields in the fall of each year for measuring infiltration amount.  These 1x1 m2 plots consist of metal borders and runoff collection tanks.  The runoff from the plots resulting from natural precipitation events will be collected in the collection tanks.  Rain gauges will be installed at the site to record precipitation amounts and intensities in the watershed, and cumulative rainfall will be measured.  The difference between the amount of precipitation and runoff will be the amount of infiltration.   Three runoff plots will be installed in each field for replication.  Data will be collected for the period from late fall, through winter to early summer.  Other climatic data, such as temperature and pan evaporation will also be recorded for estimating evaporation. 

Task 1.2.  Permeability measurement

Field infiltration capability resulting from different tillage systems will be evaluated by using surface infiltration techniques (Klute, 1986).  This measurement will be conducted during the winter erosion season, after the surface soil has been thoroughly wetted and several freeze-thaw cycles have occurred.  Infiltration will be measured using a Guelph Permeameter (Soilmoisture Equipment Corp., Galeta, CA) on the fields. Three replications per treatment will be conducted to provide an adequate number of observations for sound statistical analysis.  Hydraulic conductivity of the soil will be determined by varying the head during the infiltration measurements. The infiltration rate affects the amount of surface runoff and can be related to the existence of macropores (Germann et al., 1984).  Macroporosity will be determined from soil samples taken from the infiltration sites after the soil has been saturated and while drainage is occurring, to determine how quickly the pores empty.   

Objective 2.  Investigate the flow and release of the infiltrated water to the stream

This objective will be accomplished by measuring the hydraulic conductivity and water table changes, by using tracer studies and by stream flow monitoring and evaluation

Task 2.1.  Field measurement of hydraulic conductivity and hydraulic head changes 

The flow of the groundwater to an adjacent gaining stream can be evaluated by quantifying the water table profile and the hydraulic head change across the contributing watershed.  The hydraulic head of the aquifer and hydraulic conductivity of the soil will be measured with piezometers.  The piezometer will consist of ½” steel pipe inserted vertically into the soil.  Measurements for the hydraulic head will be taken on a weekly basis.  The head is measured by inserting a “dripper” into the piezometer (Brassington, 1988).  The dripper has incremental markings on the tape to determine the depth down to the water table.  The depth can then be subtracted from the known height of the piezometer for the hydraulic head at that pizometer.  The hydraulic conductivity will be measured by the Hvorslev method (Hvorslev, 1951).  In this method the hydraulic head is measured before the addition or withdrawal of water from the piezometer by bailing.  The water levels are measured at timed intervals until the water level returns to the initial level.  The data can be plotted on a semi-log paper to estimate the basic time lag.  After the basic time lag is calculated and with the geometry of the piezometer known, the mean hydraulic conductivity around the piezometer can be calculated. Each location of nested piezometers
 will consist of a number of wells to obtain the average hydraulic conductivity of the soil in the area.  Each piezometer within the nest will be at a different depth for the hydraulic measurements.  

Two rows of piezometers will be installed in the Pataha Watershed. Each one will  correspond to a monitoring station.  The piezometers will be spaced according to the change in the slope of the land.  The space will be determined in such a way that one piezometer will be installed for every three feet in elevation drop.   

Task 2.2.  Tracer studies

A trace study will be conducted to estimate the source and traveling time of the infiltrated water.  Dye will be used because it is relatively inexpensive, simple to use and effective.  Rhodamine WT will be selected for use in this study because it has been considered one of the most useful tracers for quantitative studies, based on minimum delectability, photochemical and biological decay rates, and adsorption (USEPA, 1991b) and is the most conservative dye available for stream tracing.   During the study, sampling wells will be installed and the proper amount of dye will be injected according to the USGS guideline as summarized by USEPA (1991b).  Stream water samples will be taken continuously with an automatic sampler.  The samples will be then analyzed for dye  concentration using a fluorometer.  

Task 2.3.  Monitoring and evaluation

Monitoring stations will be set up in the mainstem of the Pataha Creek for monitoring the discharge rate.  The locations of these stations will be selected to be consistent with the installation of the piezometers.   Stream flow through the two stations will be monitored continuously using an ISCO Bubble Flow Meter (Model 42430).  The measurement results will be processed for determining the stream hydrograph.  Techniques of separating the base flow from the hydrograph can be performed following Domenico and Schwartz (1998).   The flow data will be related to the piezometer measurement results.  Temperature of the stream water will also be recorded continuously with data loggers. 

The monitoring data will be used for evaluating the mathematical model developed in Objective 3 as described below. A groundwater and surface water model requires information pertaining to both the stream and the aquifer.  These data include the stage of the stream, hydraulic properties of the aquifer, hydraulic properties of the material connecting the stream and the aquifer, and the hydraulic heads of the aquifer (Jorgensen et al., 1989a).   Precipitation and infiltration amounts will also be required for an estimation of groundwater recharge.

Water samples will be taken monthly and analyzed for typical water quality parameters, including total suspended solids, dissolved oxygen concentration, pH, total ammonia and pesticides.  Samples will be analyzed in the certified Water Quality and Waste Analysis Laboratory at Washington State University following standard methods (APHA, 1995).  The results can be used as an indication of the fish habitat quality.

Objective 3.   Develop a mathematical model for simulating stream flow under different agricultural practices 

Task 3.1.  Evaluation the existing model

Development of a model that can properly describe the seasonally changing and interactive surface and groundwater flow of the river system is a major task in the proposed study.  The availability and movement of groundwater has a significant effect on stream base flow. Groundwater modeling with an emphasis on establishing the surface water and groundwater interrelationship will be conducted using PMWIN, a comprehensive simulation system for modeling ground‑water flow and transport processes. PMWIN consists of a user interface for pre- and post-processing, the widely used modular three-dimensional finite-difference ground‑water flow model MODFLOW (McDonald and Harbaugh, 1988), and other useful programs such as the parameter estimation program PEST.  Several representative reaches of the tributaries and mainstream of the Pataha Creek will be identified, and 2-dimensional transects in the direction perpendicular to the stream flow and extending beyond the identified reaches will form the modeling domains.  PMWIN will serve as the core program in the 2-dimensional groundwater flow modeling, which will be extremely useful in (1) integrating and assuring consistency among aquifer properties and water balance within a model domain; (2) depicting the seasonally varying surface water and groundwater interrelationships, in particular, the discharge from the groundwater aquifer to the river during the critically low stream flow periods; and (3) predicting the dynamic hydrologic regime within the model domain under hypothetical management conditions. It is worth mentioning that among the most important inputs to PMWIN is the groundwater recharge or deep percolation from the root zone. As expected, conventional and no-till farming practices will lead to different infiltration, surface runoff, and subsurface storage characteristics. These characteristics will be quantified based on the results and findings from Task 1.1, and through appropriate root zone modeling using models such as GLEAMS (Groundwater Loading Effects of Agricultural Management Systems) (Leonard et al., 1990), and CropSyst (Stockle et al., 1994). 

Task 3.2.  Development of application-specific models

A new model will be developed specifically for the application of stream base flow predictions considering the specific landscape and geological conditions in the Pacific Northwest Dryland area.  The new model will be developed based on improvements to  the existing models described above.  Improvements will be focused on customization and simplification.  The model will be verified with additional flow monitoring data as described above.  Once tested, the model will be used to perform simulations to evaluate the impact of different land management practices on instream flow.  The simulation results can provide additional information for making habitat restoration decisions.

 Objective 4.  Disseminate the information to agencies and producers
The information obtained will be disseminated to a variety of audiences through (1) fact sheets, (2) workshops, and (3) technical publications and conference presentations.

Task 4.1.  Fact sheet development
During and upon completion of the research, education materials such as fact sheets will be prepared to communicate the results to a wider audience base.  The fact sheets will emphasize the benefits of no-till farming, and the relationship between water infiltration in the field and flow increase in the streams.  The fact sheets will be distributed through conservation district newsletters, watershed councils, and other channels of governmental agencies.  Dissemination of the results to larger audiences will be achieved through conference presentations and journal paper publications.

Task 4.2.  Workshops and publications
Workshops will be held with the assistance of the conservation district and local NRCS offices to discuss research findings with farmers and land managers.  Farmers and land managers from other regions will also be invited.  Field trips will be organized to tour the watersheds to help the farmers relate the findings to actual land management practices.  The entire project team will participate in the workshop.  

The involvement of the Pomeroy conservation district will allow more integration with other projects.  The project team has a close working relationship with several conservation districts.  The results of this project can be transferred to these and other watersheds in this region.  In addition to workshops, the research team will develop conference presentations and refereed publications based on the findings of the project.

f. Facilities and equipment

The proposing institution has the facilities and equipment for successful completion of the project.  Three laboratories will contribute to this effort.   

Water Quality Laboratory
The Water Quality Laboratory of the Department of Biological Systems Engineering is a 800 sq. ft. facility located in Smith Hall on the Pullman campus of Washington State University.  With the equipment in this laboratory, researchers can conduct analyses of the conventional parameters of water, wastewater, and soil materials that include the parameters indicated in this proposal.  All analytical procedures are based on the Standard Methods (19th Edition).

A comprehensive QA/QC program has been developed for the laboratory, according to EPA protocols.  This program includes analysis of matrix spikes, duplicates, method blanks, and Laboratory Control Samples (LCS) for all procedures.  The laboratory has been certified by Washington Department of Ecology and is managed by a state funded technician.

Soil and Water Laboratory
WSU has a long history of conducting water resources and water management research.  The Soil and Water laboratory in the Department of Biological Systems Engineering has the facilities for conducting field water related research, including various flumes, data loggers, and sampling instruments.  The lab has a complete set of stream water sampling and flow measurement devices, one of which will be designated to the proposed project.  The lab is managed by a full-time technician who has extensive experience in field work.  

GIS and Environmental Modeling laboratory

The third laboratory available for the project is the WSU GIS and Environmental Modeling Laboratory.  This laboratory has computers, printers and plotters, digitizing equipment, and various GIS software.  Managed by a full time Research Associate, this laboratory is capable running commercial programs for groundwater simulation and developing it’s own software packages such as CropSyst (Stockle et al., 1994).
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Section 4. Key personnel

The Principal Investigator, Dr. Shulin Chen, will serve as the Project Director and be responsible for the overall management and coordination of the project.  Dr. Chen is an Associate Professor in the Department of Biological Systems Engineering (BSysE) at Washington State University (WSU) and the Watershed Program Director of the State of Washington Water Research Center.  Dr. Chen is a registered Civil Engineer and has been involved in water quality related research for a decade.

Dr. Joan Wu, the Co-Principal Investigator, will help supervise the field monitoring and measurement activities. In addition, she will be responsible for the development and application of the groundwater models that can provide adequate predictions of infiltration and redistribution processes, and the groundwater-surface water interactions.

Dr. Wu is an Assistant Professor in BSysE at WSU. She has accumulated extensive experience in hydrologic modeling through her career.

A full-time Post-doctoral Research Associate will be funded by the project.  The main responsibilities of the Research Associate include conducting field experiments, developing the groundwater mathematical model, and assisting with writing the fact sheets and journal publications. 

Funds are also requested to support a part-time Project Coordinator position at the Pomeroy Conservation District for coordinating with land-owners and assisting in field experiments.  The coordinator will also play a key role in project results dissemination. 

SHULIN CHEN

A.  Vitae

OFFICE MAILING ADDRESS       

 

Department of Biological Systems Engineering



Washington State University



Pullman, WA 99164 


Phone: (509)335-3743; Fax: (509)335-2272; E-mail: Chens@mail.wsu.edu

EDUCATION  

Ph.D.  Cornell University, Ithaca, NY. 

                May, 1991
B.S. 

The Agricultural University of Hebei, Baoding, China.  December, 1981
CREDENTIALS AND PROFESSIONAL SERVICES

Registered Professional Engineer in Civil Engineering,  Louisiana, 26370

Member of Water Environment Federation

    
Member of American Society of Agricultural Engineers

EXPERIENCE 


Associate  Professor, July, 2000 to present, Assistant Professor, October, 1995 to June, 2000.  Department of Biological Systems Engineering, Washington State University, Pullman, WA 99164 

Teaching and research in the areas of water quality, wastewater treatment and 
waste management.

Research Assistant Professor (non tenure-track),  Department of Civil and 
Environmental Engineering, Louisiana State University, Baton Rouge, LA 70803  
November,1992 to September, 1995
Responsible for developing research 
proposals and publications, managing research projects and directing graduate and undergraduate students in the areas of Civil, Environmental and Aquacultural Engineering. 
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Wang, G.-T., and Chen, S.  1996.  A linear spatial distributed model for the surface 
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Wang, G-T, Singh, V.P., and Chen, S.  1998.  Mixing-cell method for solving solute transport equation with spatially variable coefficients, Hydrological Processes, 12:781-795.
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Education
Ph.D.
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M.S. 
Hydrology, Tongji University, Shanghai, China, 1989.
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Geology, Tongji University, Shanghai, China, 1986.
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Assistant Professor of Hydrology, Washington State University, Pullman, WA.

1995 - 1998
Assistant Professor of Hydrology, University of California, Riverside, CA.

1994 - 1995
Postdoctoral Researcher, The Ohio State University, Columbus, OH.

1990 - 1994
Graduate Research Associate, The Ohio State University, Columbus, OH.

1989 - 1990
Research Engineer, Shanghai Environmental Protection Bureau, Shanghai, China.

Research Interests
•
Numerical modeling of ground-water flow and contaminant transport

•
Watershed hydrological and soil erosion modeling

•
Stochastic simulation of vadose-zone flow and pollutant transport

•
GIS application in hydrological modeling

Teaching Activities

Dr. Joan WU has taught an undergraduate-level course, Physical Hydrology, since 1995 in both University of California and Washington State University. Since Fall of 1999, she has also been teaching a graduate-level course Ground-Water Flow and Contaminant Transport. She has been major professor for one Ph.D. student and two M.S. students, and served on extra three Ph.D. and two M.S. students’ dissertation committees. She has guided five Postdoctoral Researchers and currently works with three graduate students and a visiting professor.

National Awards
•
1995 Award for the Outstanding Water Resources Dissertation in the Field of Engineering and Physical Sciences from The Universities Council on Water Resources.

Membership
•
Phi Kappa Phi National Academic Honor Society, American Society of Agronomy, American Society of Agricultural Engineers, American Geophysical Union

Related Publications
Wu, J.Q., M.K. Place, and W.J. Elliot, Modeling soil erosion from insloping forest roads with impoundment or surface cross drain structures, Proc. Impacts of Roads on Watershed Hydrology, ASCE Watershed Management Conference, 2000.

Wu, J.Q., and S.R. Workman, Stochastic simulation of pesticide transport in heterogeneous unsaturated field, J. Environ. Qual., 28, 498-512, 1999.

Wu, J.Q., S. Dun, and A. Kumar, Numerical simulation of ground‑water flow and selenium transport in the western San Joaquin Valley, CA, Univ. Calif. Salinity/Drainage Program 1997‑98 Ann. Rep., pp. 248–267, 1998.

Flury, M., J.Q. Wu, L. Wu, and L. Xu, Analytical solution for solute transport with depth-dependent transformation or sorption coefficients, Water Resour. Res., 34, 2931-2937, 1998.

Wu, J.Q., A.D. Ward, S.R. Workman, and E.M. Salchow, Applying stochastic simulation techniques to a deterministic vadose zone solute transport model, J. Hydrol., 197, 88-110, 1997.
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