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a. Abstract 
An increase of thermal gradient in a river where juvenile salmon are hatched can have a significant detrimental effect on salmon survival and the number of salmon that return to the tributary to spawn.  One potential mechanism to resolve increased temperature in the tributary stream is through an increase of groundwater recharge to the tributary.  Groundwater temperature is not subject to the seasonal temperature fluctuations observed in surface streams and is often constant year around at about 50 degrees Fahrenheit.  The Echo Meadows site, Oregon, which is adjacent to the Umatilla River, is currently funded by the Northwest Power Planning Council (NWPPC, ProjectID 22010) to perform a pilot test to induce a groundwater pulse to the Umatilla River during summer, at low flow, by means of artificial recharge.  The current proposal is a supplement to the existing project to extend the surveillance and modeling effort.  The current effort encompasses modeling the pulse and timing the arrival time at the river and actually flooding the Echo Meadows site to initiate the pulse.  The pulse is then tracked by measurements at monitoring wells and the plume is observed at the groundwater/surface water interface by thermal imaging the river.  This proposal is intended to include consideration of land use for potential mobilization of contamination (nitrates, salts, phosphates, …) and thermal regime in the subsurface.  This will be achieved using a numerical model to predict contaminant release and transport as well as thermal gradients.  A surface water model will also be used to predict chemical and thermal mixing in the river adjacent and down gradient from the groundwater pulse discharge zone.  Staff at the Pacific Northwest National Laboratory (PNNL) will perform model conceptualization, design, implementation, and analysis.

b. Technical and/or scientific background
The significance of groundwater flow as it relates to stream flow is a well-known concept and is an element of the hydrologic cycle referenced in introductory courses related to water resources (Freeze and Cherry, 1979; Chow et al., 1988; Hillel, 1980).  Two of the elements of the hydrologic cycle relevant to this work are recharge of groundwater from surface infiltration and discharge of groundwater to surface streams.  For this project three particular aspects of water resource management of interest are (1) conjunctive use of groundwater and surface water, (2) artificial recharge, (3) surface water temperature regulation as it relates to a groundwater source.

The assessment of surface water and groundwater interaction, referred to as conjunctive use, is a primary factor when considering assessment and management of water resources.  Conjunctive use has typically been more focused toward using surface water as a source to supplement groundwater withdraws (Jenkins, 1968) rather than increasing groundwater storage for subsequent release to a surface stream.  In addition to flow enhancement, consideration of chemical constituent mobilization by the recharge pulse is important to maintain water quality in both the groundwater and surface water.

The fundamental issue to resolve is to increase discharge to the Umatilla River when lower flows occur in the summer.  The availability of water is expressed by the water budget that states

 

Water budget = recharge + storage - discharge

 

The only way to increase discharge in summer is to increase either recharge or storage.  By recharging excess water in the winter the storage term is increased.  Water storage must be positioned such that groundwater flow will deliver the water stored in the winter to the stream when needed, in the summer.  Consequently, additional groundwater discharge in the summer is dependent upon the quantity of water stored during the winter and the ability of the groundwater system to deliver the water to the stream.

The concept of artificial recharge of the aquifer to increase storage for future retrieval is not a new idea.  Artificial recharge has been thoroughly studied and used extensively to supplement water supplies (Hantush, 1967; Bianchi and Muckel, 1970; Fennemore et. al., 2001).  The benefits that natural recharge has on stream temperature is also well understood.  However, using artificial recharge as a heat sink for surface water has only been studied to a limited extent.

Groundwater temperature is not subject to diurnal or seasonal fluctuations, as is surface water, and remains at about 50 degrees Fahrenheit, year around.  The beneficial impact that groundwater inflows have on stream temperature and the positive effects that the regulated temperature has on fish habitat has also been recognized as an important issue among researchers (Constantz, 1998; Stringham et. al., 1998; Stohrs and Leskie, 2000).  Consequently, Using groundwater to regulate stream temperature may potentially improve habitat given the recharge pulse is timed to arrive when stress on the fish is expected to occur and the pulse lasts for the duration of the high stress conditions.  This temperature buffering effect by groundwater recharge is most pronounced during late summer when stream flow is typically at its lowest level.

c. Rationale and significance to Regional Programs
In the “Draft Umatilla Subbasin Summary”(NPPC, 2001), under “Umatilla Subbasin Summary, Temperature”, there is a section that recognizes temperature effects during the summer months have an adverse affect on juvenile salmon development.  This proposal is directed at assessment of improvement of temperature gradients in the stream as well as assessment of potential degradation of water quality associated with high recharge activities.  

The Washington Department of Ecology and Oregon Department of Environmental Quality (Oregon DEQ, 2000) have also acknowledges thermal pollution (Total Maximum Daily Load, TMDL) as a detrimental factor affecting tributaries used by spawning salmon. In the report by Stohrs and Leskie (WDOE, 2000), the potential benefits that groundwater has on cooling the stream are noted.  Lower temperatures from groundwater have been linked with a reduction in predation of juvenile salmon (McMicheals et. al., 1999) and also provide a better environment during incubation by increasing oxygen and nutrient flow through the stream sediments.  In addition to state agencies, tribal governments have also recognized the problems of temperature variation on salmon recovery efforts.

The potential benefits of “banking” excess surface water as groundwater for use during greatest need possess the best possible means of reducing stream temperature at a relatively low cost.  The first step in siting any recharge basin must begin with an assessment of the hydrogeologic properties of the site and simulation of performance parameters necessary for basin design.

d. Relationships to other projects 
 This project is a supplementary activity to the artificial recharge of the Umatilla River, next to Echo Meadows, Oregon (ProjectID 22010).  This project is a collaborative effort by IRZ Consulting and PNNL.  The purpose of this work is to extend the groundwater modeling effort to account for additional parameters such as sediment leachate and release of chemical constituents to surface water, thermal gradients in the groundwater, and impact of outflow on the surface water quality (chemical and thermal).  This work will also include collecting additional data to characterize the effects of recharge activities on a larger scale than previously proposed.  The expanded area will include monitoring of baseline conditions up stream and water quality down stream from the proposed influent region of the river affected by the artificial recharge pulse.

e. Project history (for ongoing projects) 

Current activities by IRZ Consulting include collection of baseline data on water quality and hydrogeologic properties, surface water stage and temperature, and meteorological conditions.  During the winter of 2001-2002, IRZ Consulting will flood 13,000 acres of the Echo Meadow site to initiate the subsurface pulse.

f. Proposal objectives, tasks and methods
The Objective of this supplemental work in support of work already underway at the Echo Meadow artificial recharge site is to provide a through analysis of potential inputs from artificial recharge to the Umatilla River and to determine the duration and range of benefits to the river from recharge activities.  Specific tasks for stage one of this work include,

(1) Simulate potential chemical releases associated with land use at the recharge site.  This will be achieved with a coupled flow and transport model calibrated with data collected from previous measurements at Echo Meadows and data derived from tasks 5 and 7.

(2) Simulate the thermal gradient in the subsurface and the coupling of thermal gradient between groundwater and surface water. The temperature gradients will be simulated with a flow and thermal transport model calibrated with previous measurements and periodic measurements of temperature during chemical sample collection activities.

(3) Simulate chemical and thermal distribution in the surface water adjacent to the recharge zone and mixing of surface waters in the stream channel and down gradient. This will provide a means of evaluating how far down stream thermal effects will persist and how the stream dynamics change with the additional recharge.

(4) Extend the thermal imaging range of the river to above the recharge effluent zone to the mouth of the Umatilla River and increase the frequency of measurement to track the thermal pulse in the river.  Thermal images will be taken once a month, one in the morning and one in the afternoon for a 25 mile reach of the Umatilla River.  Then thermal images will be collected twice in the month when the pulse is expected to begin subsiding.  Then one last image will be taken of the river after the pulse ends.  This task directly supports simulation efforts in task 3.

(5) Include aerial photography of the Echo Meadows site for the purpose of land use characterization. The photo will be a high-resolution infrared image to highlight agricultural and non-agricultural areas.  The photo will be taken during the growing season when contrasting land use is most pronounced.  The current photography of Echo Meadows is three years old and may not reflect current land use practices.  The task is necessary to adequately define parameters for task 1 and task 6.

(6) During the recharge event, increase the number of chemical constituents sampled based on land use information and sample more frequently.  More frequent sampling is necessary to observe the recharge pulse and possibly any contaminants mobilized by the pulse.  Sampling interval will be increase as well once a month at two observations wells, one near the middle of the site, down gradient from the recharge input and one well near the river.  These data will be used in post audit modeling in task 1 and 3.

(7) Install three additional wells, one up gradient to provide baseline water levels and chemical samples and two monitoring wells next to an existing well to monitor drawdown during an additional aquifer test.  Due to the extreme spatial geologic variability of the sediments at this site, an additional aquifer test was deemed necessary to better quantify the variability.  The parameters from this effort will be directly applicable to tasks 1 and 2.

(8) Perform additional measurements of river stage, flow velocity, and sedimentation.  Observation of river stage is used as an indicator of an increase in river flow from the recharge pulse.  Measurements of stage will occur once a week.  The velocity term assists the surface water model for prediction of in-channel flow dynamics.  The sedimentation study is used to assess potential benefits or detrimental effects to the flooded land from sediment deposition.  Possible benefits could be enhanced fertility and better moisture retention in finer sediments deposited during flooding.  A potential detrimental effect may be reduction in vertical recharge capacity.

Project tasks four through eight will be implemented by IRZ consulting and the data transferred to PNNL for inclusion in the modeling effort in tasks 1 through 3.  Additional data from pre-recharge activities will be used by PNNL in model conceptual design and calibration activities.

Stage two of this project will occur after the recharge activities have been completed and data from groundwater and surface water measurements have been collected and logged.  This task is to perform a post-audit of the pre-recharge model to determine how well the model predicted actual performance.  Difference between the model and measurements will be examined and an inverse model of groundwater flow will be used to revise initial modeled hydrogeologic parameters.  

The deliverables from this effort for stage one are a report and analysis of water flow, contaminant transport, and thermal gradient in the groundwater system and spatial and temporal variability of contaminants and temperature in the surface stream derived from the groundwater and surface water models.  For stage two, deliverables are a revised conceptual model of the hydrogeologic parameters based on field measurements of the recharge pulse and a review of the data collection and modeling approach base on “lessons learned” during the post-audit.

Surface Water

The approach to the surface water modeling would consist of applying a 2D, depth-averaged hydrodynamics and transport model to the affected portion of the Umatilla River.  This model will predict the longitudinal and lateral variation of velocity, stage, temperature, and other contaminants.  The model will be calibrated and verified for some period for which necessary data is available, including both hydrodynamics and temperature.  PNNL personnel have used two appropriate models in the past: MASS2 and EFDC.  

MASS2 (Modular Aquatic Simulation System 2D) was developed at PNNL with the support of the U.S. Army Corps of Enginneers and the Department of Energy.  It is a 2D, depth-averaged hydrodynamic and transport model.  It has been calibrated, verified, extensively applied to the lower Snake and Columbia Rivers, to predict temperature and dissolved gas levels (see Richmond, et al, 1999, for example).  

EFDC  (Environmental Fluid Dynamics Code) is a fully 3D model that can be used in a 2D, depth-averaged mode.  It simulates hydrodynamics and transport of conservative contaminants, temperature, and other constituents. It has been validated and published in peer-review journals (Jin et al., 2000 and Hamrick and Wu, 1997), and has been developed with support from the EPA.  The EFDC model also includes the water quality and sediment transport capabilities. It is a public domain model; thus the input files developed in this project and computer code can be distributed. 

Groundwater

The recharge pulse and groundwater flow, transport, and temperature will be modeled with a 2D, variably saturated porous media, finite difference model developed by the U.S. Geological Survey (USGS).  The model, VS2DI (hsieh et. al., 2000) has a graphical user interface (GUI) for pre and post processing and an animation feature for visualization of time lapse flow and transport.  VS2DI links to VS2DH (thermal transport) and VS2DT (chemical transport).  Healy and Ronan (1996) have used VS2DH to study the affects of groundwater recharge on stream temperature. 

After the recharge pulse has moved into the River, results from the simulations will be compared to the actual groundwater measured flow and transport data.  The differences between the simulated and calculated groundwater values will be quantified and an inverse model will be used to back calculate a new set of parameters for the simulation domain.  The code used for this purpose is UCODE, developed by Poeter and Hill (1998).
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N/A
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FRED A. ZIARI
AGRICULTURAL ENGINEER

EDUCATION

· Bachelor of Science, Agricultural Engineering

· Texas A&M University, 1977

· Master of Engineering, Agricultural Engineering

· Texas A&M University, 1979

PROFESSIONAL EXPERIENCE

· Mr. Ziari is founder and CEO of IRZ Consulting.  For the past 20 years, he has been involved in all aspects of irrigation engineering, hydrology, and water resource planning and development in the Pacific Northwest, the U.S. and overseas.  He has conducted over thousand irrigation and water management plan.

· He has been extensively involved in overseeing of irrigation system design, hydrology and water resources planning, water and energy conservation, aerial and satellite remote sensing.  

· He supervises all designs, interacts with IRZ Consulting engineers and scientists, assign project management, and makes sure that projects are on-time and within budget. 

· He has been involved in many watershed planning and assessments throughout the Northwest.  He developed and oversees a service using multi-camera aerial thermal infrared for accurate river temperature measurement and digital infrared camera in conjunction with GPS system for river riparian zone vegetation assessment. During summer of 2000, over 1500 miles of river and streams in over dozen watersheds have been assessed using this service.

· He has been involved in planning and conducting feasibility studies for the development of surface or ground water sources, canal and reservoir design and construction, watershed hydrology, water conservation and ground water pollution abatement. 

AFFILIATIONS, AWARDS AND RECOGNITION

· Chairman of Umatilla Basin Watershed Council Foundation

· Member of Umatilla Basin Groundwater Technical Committee

· National Energy Award for Irrigation Innovation from the U.S. Secretary of Energy

· Oregon Governor's Energy Award

· Agricultural Engineer of the Year, Northwest Section of American Society of Agricultural Engineers

· Hermiston, Oregon - Businessman of the Year

· Salem, Oregon - Chamber of Commerce Ag-Star Award

· Chairman of Hermiston Development Corporation, Water Committee

· Past Chairman of Oregon State University Hermiston Research and Extension Center

JAMES D. GRAHAM, RPG

Geologist / Hydraulic Engineer
EDUCATION
· M.S., Geology, Oregon State University, 1985 

· B.S., Geology, Central Washington University, 1979 

· Extensive post graduate course work in hydraulic engineering

REGISTERED PROFESSIONAL ENGINEER
Oregon Registered Professional Geologist, South Carolina Registered Geologist.

PROFESSIONAL EXPERIENCE
 Mr. Graham is President of the Principal Group.  He is a registered professional geologist and hydraulic engineer with twenty years of experience in environmental and geotechnical investigations, groundwater analysis, surface water hydrology and hydraulics, and surface and groundwater modeling.  Mr. Graham is the past President of the Oregon Chapter of the Air and Waste Management Association and has served on the State of Oregon Groundwater Advisory Committee.  He has been a key member of many recent water quality studies in the Northwest.

 Project manager for multi-year irrigation studies in the Umatilla Basin, Oregon.  Study has consisted of development of a groundwater model to access the timing and magnitude of irrigation return flows.

 Project Manager and Principal Investigator for multi-year groundwater studies in the Umatilla Basin, Oregon.  Studies have consisted of pump tests, modeling, and well log evaluations to determine the impacts of pumping irrigation groundwater wells on the flow of the Umatilla River. 

 Principal Reviewer for groundwater studies for the community of Rockaway Beach, Oregon.  Work consisted of aquifer pump tests to evaluate water supply alternatives for the community.

 Groundwater Explorations for Madigan Army Hospital, Fort Lewis, Washington. Principal investigator for a 4,000 gallon per minute water supply system for the hospital.  Investigated effects of pumping on the flow of the nearby stream were also evaluated.

 Groundwater Modeling Study for Bonneville Dam, Oregon.  Project manager for development of a groundwater model to predict groundwater quality and temperature changes resulting from lock construction.  Portland District, Army Corps of Engineers - Project Manager.

 Columbia River estuary study for the states of Oregon and Washington.  Evaluated the existing hydraulics, hydrology, and sediment transport database, develop a sampling and analysis plan for sediment sampling and sediment transport models.  Department of Ecology and Department of Environmental Quality - Hydraulic Engineer.

 He is the author or co-author of 8 technical papers.

EUGENE J. FREEMAN

HYDROGEOLOGIST
EDUCATION
· M.S., Hydrology, University of Idaho, 1995 

· B.S., Geology, Montana State University, 1986 

PROFESSIONAL EXPERIENCE
 Mr. Freeman is a senior research engineer at the Pacific Northwest National Laboratory.  He has eleven year of experience working on projects related to field hydrogeology, vadose hydrology, numerical modeling of water flow and contaminant transport in porous media, hydrogeophysics, and performance assessment of engineered facilities.  

 He has been involved in characterization of unsaturated properties of sediments in the Columbia Basin and development of computer codes to incorporate analytical techniques into the data analysis process.

 He has performed numerical modeling of water and waste releases from engineered facilities at ground surface through the unsaturated zone into the water table.   The study area that these models are used to simulate are located in the Columbia Basin area of Washington.

 He has served as a field hydrogeologist at sites in Washington and California.  Experience in the field includes well installation, logging of borehole cuttings, well development, aquifer testing, installation and management of field site instrumentation, water sample collection, and data recovery and analysis.

 He has written proposals and implemented work with surface geophysical techniques that are used to map field scale subsurface heterogeneity to better quantify spatial variability of hydro-stratigraphic properties of sediments.  

PROFESSIONAL AFFILIATIONS

· National Groundwater Association

· American Geophysical Union

· Geological Society of America.

Marshall C. Richmond
Education

Ph.D.,  Civil and Environmental Engineering, University of Iowa, 1987

M.S.,  Civil and Environmental Engineering, Washington State University, 1983

B.S.,  Civil and Environmental Engineering, Washington State University, 1982

Experience

1994-present
Staff Engineer, Pacific Northwest National Laboratory
1991-1994
Assistant Professor, Civil and Environmental Engineering, Washington State University
1987-1991
Research Engineer, Pacific Northwest National Laboratory
1983-1987
Exxon Fellow and Research Assistant, Iowa Institute of Hydraulic Research, University of Iowa

Expertise


Dr. Richmond’s areas of expertise are in the development and application of computational models of hydrodynamics, sediment transport, and contaminant transport in environmental systems, computational fluid dynamics (CFD), physical modeling of hydraulic structures, and fisheries engineering. Dr. Richmond is the developer of the MASS1 (Modular Aquatic Simulation System) one-dimensional and MASS2 two-dimensional hydrodynamics and water quality computer models. He is also leading the development of an individual model for fish called FINS (Fish Individual-based Numerical Simulator).  

Selected Publications

Scheibe, T.D. and M.C. Richmond. 2000. Fish Individual-based Numerical Simulator (FINS): A particle-based model of juvenile salmonid outmigration and dissolved gas exposure history in the Columbia River Basin. Accepted for publication in Ecological Modeling.

Rakowski, C.L. and M.C. Richmond. 2000. Bonneville Project Adult Migrant Fallback Study. Proceedings of the HydroVision 2000 Conference. Charlotte, NC.
Richmond, M.C., W.A. Perkins, and Y. Chien. 2000. Numerical Model Analysis of System-wide Dissolved Gas Abatement Alternatives. Report submitted to U.S. Army Corps of Engineers, Walla Walla District. Battelle Pacific Northwest Division, Richland, Washington.

Rakowski, C.L., J.A. Serkowski, M.C. Richmond, and K.P. Recknagle. 2000. Development and Application of a 3D CFD Model for the Bonneville Project Powerhouse 1 and Powerhouse 2. Report submitted to U.S. Army Corps of Engineers, Portland District. Pacific Northwest National Laboratory, Richland, Washington.

Neitzel, D.A., M.C. Richmond, D.D. Dauble, G.Cada. 2000. Laboratory Studies of the Effects of Shear on Fish. U.S. Department of Energy, Idaho Operations, Report DOE/ID-10822.
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William A. Perkins


Senior Science and Engineering Associate, Hydrology Group


Pacific Northwest National Laboratories

Education


B.S., Oregon State University, Agricultural Engineering, 1985

Experience

Mr. Perkins joined Battelle-Northwest in 1991 as a Science and Engineering Associate.  His primary responsibility has been computer software development and geographical information system (GIS) application supporting scientific modeling and other research.  Some examples of his work include: 

· Improved Water Velocity, Dissolved Gas, and Fisheries Models for Use in Assessing Dissolved Gas Abatement Concepts – 

· Technical Assistance to Establish Baseline Environmental Monitoring Capability in the Snake River Basin 

· A Process-Based GIS Modeling System for Watershed Analysis 
· World Wide Web Information Infrastructure for In-Season 
· Laboratory for Energy Related Health Research Super Fund 
· Surface Barrier Technology Project
· Western Siberia Basin Hydrogeology
· Hanford Groundwater Surveillance Project
Computer Skills And Software Development Experience


General Programming - Mr. Perkins is a programmer fluent in many compiled programming languages (Fortran, C, C++, and others) and several interpreted languages (Perl, Unix shells, Tcl/Tk) on a variety of computer platforms (primarily UNIX and MS Windows).


Geographical Information Systems - Mr. Perkins is experienced with the use of and software development within several geographic information systems:  Arc/Info, ArcView, GRASS, and Intergraph MGE.  Mr. Perkins has designed and implemented several MS Windows programs using ESRI MapObjects, allowing the viewing and editing of GIS data in Windows-based applications.
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