Bonneville Power Administration

FY 2003 Provincial Project Review

PART 2. Narrative

Project ID:
29015

Title:
Thermal Imaging and Total Maximum Daily Load (TMDL) Development on the Okanogan Subbasin.

Section 9 of 10. Project description

a. Abstract 
The Okanogan  subbasin currently support ESA listed populations of steelhead (Endangered), and bull trout (threatened) as well as summer/fall chinook, and sockeye. Upper Columbia River Spring Chinook are listed as Endangered, considered extirpated from the Okanogan, but are being reintroduced. These waters are currently included in the 303(d) list of water quality impaired streams due to temperature exceedences which limit salmonid production.  This project will use Forward Looking Infra-Red thermal imaging technology to survey approximately 175 miles of the Okanogan river systems to identify thermal input sources, validation through an extensive network of on the ground water quality monitoring, production of technical analyses, QUAL2K modeling, and GIS coverage, and development of a water cleanup plan, also called Total Maximum Daily Loads (TMDLs), outlining strategies to achieve water quality standards for temperature. 

The overall success of this project is critical to the enhancement of fish populations in the Okanogan subbasin.  By identifying the sources of heat,  assessing  thermal input sources and potential corrective measures,  and recommending strategies to lower the summer temperatures to tolerable ranges, this project integrates the work of numerous other fish restoration projects in this subbasin.  It will directly complement the success of such other projects as water right and land acquisitions, riparian habitat improvements, fish traps, ladders, and screens. 

b. Technical and/or scientific background
FISH AND WATER QUALITY STATUS

The Okanogan Watershed currently supports anadromous runs of summer chinook salmon (Oncorhynchus tshawytscha), sockeye salmon (Oncorhynchus nerka), and steelhead trout (Oncorhyncus mykiss). The Okanogan summer chinook stock is listed as Depressed based on a short-term severe decline in escapement. The Okanogan sockeye stock is listed as Healthy based on escapement. The Methow/Okanogan summer steelhead stock is listed as Depressed based on chronically low numbers (NWPPC, Okanogan Subbasin Summary, 2001). Upper Columbia River steelhead trout and Upper Columbia River spring chinook salmon were listed as Endangered under the Endangered Species Act in August 1997 and March 1999, respectively. The steelhead listing includes both wild and hatchery stocks.The Okanogan Basin was not included as critical habitat for listed spring chinook because the species was extirpated at the time of listing. Both steelhead and fall/summer chinook have been observed in the Canadian portion of the Okanogan River upstream of Zosel Dam. Current distribution is thought to be to McKintyre Dam and historic distribution to the headwaters of Lake Okanogan, both in Canada (NWPPC, Okanogan Subbasin Summary, 2001). Efforts are currently underway to reintroduce spring chinook to the Okanogan River. The Okanogan River sockeye run is one of two remaining major sockeye runs in the lower 48 states. The Wenatchee River supports the other run. 

Section 303(d) of the federal Clean Water Act mandates that the state establish Total Maximum Daily Loads (TMDLs) for surface waters that do not meet standards after application of technology-based pollution controls. The U.S. Environmental Protection Agency (EPA) has promulgated regulations (40 CFR 130) and developed guidance (EPA, 1991) for establishing TMDLs.

Under the Clean Water Act, every state has its own water quality standards designed to protect, restore, and preserve water quality. Water quality standards consist of designated uses, such as cold water biota and drinking water supply, and criteria, usually numeric criteria, to achieve those uses. When a lake, river or stream fails to meet water quality standards after application of required technology-based controls, the Clean Water Act requires the state to place the water body on a list of "impaired" water bodies and to prepare an analysis called a Total Maximum Daily Load (TMDL).

The goal of a TMDL is to ensure the impaired water will attain water quality standards. A

TMDL includes a written, quantitative assessment of water quality problems and of the pollutant sources that cause the problem. The TMDL determines the amount of a given pollutant that can be discharged to the water body and still meet standards, the loading capacity, and allocates that load among the various sources. 

The Okanongan river system are currently included on the 303(d) list of water quality impaired streams due to water temperature exceedances (NWPPC, Okanogan Subbasin Summary, 2001). The Limiting Factors Analysis portion of the Okanogan Subbasin Summary (NWPPC 2001) lists water temperatures as a factor limiting salmonid production. 

Water quality limiting factors, especially temperature, are the predominant factors influencing salmonid survival in the mainstem of the Okanogan River (NWPPC, Okanongan Subbasin Summary, 2001). The Okanogan and several tributaries are on the 1998 State of Washington 303(d) list for failure to meet water quality standards for temperature, dissolved oxygen, and pH. Summer temperatures have been recorded in excess of 27(C, which exceeds healthy conditions for the species of concern. In addition the subbasin has major pesticides (e.g., DDT) problems. See map of the Okanogan watershed highlighting rivers and streams listed as impaired under 303(d) list and critical/depressed in the SaSI report.

The Okanogan and Similkameen are classified by the state of Washington as Class A waters. Compliance for Class A waters include: temperature not to exceed 18 degree C; dissolved oxygen not to fall below 8mg/l; and pH within the range of 6.5 to 8.5. A water cleanup plan (TMDL) identifies the pollutants problems and sources, allocates the maximum allowable pollution from various sources, and develops strategies to achieve the limits and meet water quality standards. 

Okanogan Watershed TMDL listings

	Water Body
	Parameter

	Okanogan River
	Temperature, DO, pH, fecal coliform, PCB-1260, PCB-1254, 4,4’-DDE*, 4,4’-DDD

	Similkameen River
	Temperature, arsenic

	Salmon Creek
	Instream flow

	NinemileCreek
	DDT

	Elgin Cr. (“unnamed”)
	DDT

	Tallant Creek
	DDT

	Lake Osoyoos
	4,4’-DDE*, 4,4’-DDD*


*break-down products of DDT
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PROPOSED ACTION

TMDLs for water temperature have not been established for the Okanogan Subbasin. This project will employ Forward Looking Infra-Red (FLIR) thermal imaging technology to collect water temperature information which, along with other habitat parameters (shading, stream flow, riparian vegetation, etc.,) will be incorporated into a QUAL2K Model to assess thermal input sources, conduct sensitivity analysis, determine potential corrective measures, and develop Total Maximum Daily Loads for water temperature. 

Salmon recovery in the Okanogan watershed will require U.S./Canada transborder coordination. This project will include in-kind cost sharing and participation with a coordinated group of state/provincial, federal/ministerial, and tribal entities on both sides of the U.S./Canada border. 

FLIR

The overriding purpose of this project is to collect data for analysis that assists in the development of workable and locally accepted stream temperature best management practices for the Okanogan River Basin.  The role of cold-water habitats, groundwater influences and temperature profiles across the entire watershed can be sampled with Forward Looking Infrared (FLIR) temperature analysis. 
FLIR has been demonstrated as a reliable, cost-effective, and accessible technology for monitoring and evaluating stream temperatures from the scale of watersheds to individual habitats (Karalus et al., 1996; Norton et al.; Torgerson et al., 2001).  Traditional methods for monitoring stream temperatures have relied on in-stream temperature monitors to gather data.  These monitors provide temporally continuous data, but provide little insight into the spatial variability in temperatures.  Remote sensing using FLIR provides a method to map stream temperatures across entire stream networks at a point in time.  FLIR technology has proven to be a highly portable and cost-effective method to collect very detailed data over large areas in very little time.   The combination of temporally and spatially continuous data provides very powerful tools for understanding the dynamics of stream temperature hierarchically across multiple scales (pools ( reaches ( streams ( watersheds).  Current research has identified cool versus warm streams within a watershed, cool reaches within a stream, and cool habitats within a reach (McIntosh et al., 1995; Torgerson et al., 1995; Torgerson et al., 1999).

Temperature problems often extend for hundreds of river miles that traverse multiple land uses.  Identification of source (heating) areas, as well as areas that induce stream cooling, requires spatially continuous data.  FLIR stream temperature analysis was developed in part for this purpose.  To date no other data collection platform can deliver spatial temperature data comparable to the resolution and feasibility offered by FLIR stream temperature analysis.

Absolute maximum summertime stream temperatures may vary by several degrees annually, however, the longitudinal temperature patterns of heating and cooling remain spatially fixed.  Simply stated, an area of cool thermal refugia will likely persist year after year (barring significant landscape or channel changes).  Similarly, source areas are likely areas of heating year after year.  By mapping the extent of source (heating) and cool thermal refugia areas in the watershed, a baseline for long-term recovery tracking will be established.  It is expected that repeat FLIR “flights” will be repeated in the future (i.e. on a ten-year return period).  This proposed FLIR effort would provide the baseline measures for recovery tracking.  Additional data collection should accompany the FLIR data collection.  Specifically, flow and temperature measurements will be performed in conjunction with the FLIR data collection.

FLIR is a well recognized thermal imaging technology and has been used to collect water temperature information from the Walla Walla and Grande Ronde subbasins in Oregon (Faux and McIntosh 2000, 2001). In August of year 2001, FLIR surveys were conducted in the Methow , Entiat, Upper Wenatchee, and Upper Yakima subbasins through a joint effort between the USFS, USFWS, The Pacific Watershed Institute (PWI), and the Chewuch Basin Council. This work was conducted to assess water temperatures with regards to salmon recovery efforts. In total, 299 stream miles were surveyed.  Thermisters were deployed to ground-truth the FLIR information and stream flows were measured. In addition to the FLIR work, the cooperators mentioned above have been placing thermisters throughout the watersheds to collect year round temperature data and are collecting other surface and ground water data as necessary to fill in data gaps. The results of this work are forthcoming.  The proposed project will expand upon that currently being conducted in the Upper Columbia by federal and private entities. 

Modeling

FLIR temperature information will be integrated with key habitat attributes into a QUAL2K model (Note, the FLIR data will also be a vital component of the Ecosystem Diagnosis and Treatment  (EDT) model assessment proposed for the Columbia Cascade Province).  The QUAL2K model (Chapra, 2001) will be used to calculate the components of the heat  budget and simulate water temperatures. QUAL2K simulates diurnal variations in stream temperature for a steady flow condition. QUAL2K is applied by assuming that flow remains constant for a given condition such as a 7-day or 1-day period, but key variables are allowed to vary with time over the course of a day. For temperature simulation, the solar radiation, air temperature, relative humidity, headwater temperature, and tributary water temperatures are specified or simulated as diurnally varying functions. QUAL2K uses the kinetic formulations for the components of the surface water heat budget that are described in Chapra 1997.  Diurnally varying water temperatures at 500 to 1000- meter intervals along the streams in the Okanogan River basin will be simulated using a finite difference numerical method.  The water temperature model will be calibrated to in-stream data.  

Expected Results

Ultimately the results of this work will be a tool which will assist in recovery planning to improve instream temperatures through the development of TMDLs.  The salmonid species which are likely to benefit most greatly from this work are those which rear year round in the Okanogan River and tributaries and are therefore currently exposed to deleterious warm water temperatures during the summer period. 

These include steelhead (ESA Endangered) and spring chinook (extirpated but currently being re-introduced into the Okanogan system).  Bull trout are intolerant of elevated water temperatures and generally inhabit headwater areas of streams. Bull trout reside at all life stages in the Okanogan river system and therefore will also benefit from the results of the proposed project but most likely to a lesser extent than the other indicated species.  This project will also address thermal blockages which have been documented at the mouth of the Okanogan River system. These have resulted in delay of upstream migration of adult sockeye and summer/fall chinook.  Sockeye rear primarily in Lake Osoyoos which is included in the survey area for this project, and may therefore benefit from this project as well.
c. Rationale and significance to Regional Programs
The TMDL will address water quality and aquatic habitat factors relating to temperature, dissolved oxygen, and PH. The analysis and resulting TMDL will eventually guide corrective actions and priorities in the subbasin. By implementing best management practices residents and property owners in the affected areas can begin to reverse the current trend and progress toward removal of streams from the 303(d) list, as well as protect the salmon streams that currently meet state water quality standards from future listings. 

Ecology is requesting BPA support to expedite the development of TMDLs for temperature by providing resources needed in FY 2003 and 2004. The information and strategies developed in the TMDLs are essential to the development and implementation of the Okanogan subbasin plan scheduled for FY 2005.

Ecology is currently in the technical assessment phase of developing complex TMDL for PCB and DDT in the Okanogan subbasin. This is a preliminary data-gathering step to assess the extent of contamination. The poor condition of the salmon and bull trout supports the need for immediate and urgent work to accurately assess the sources of water quality problems and develop effective comprehensive strategies to address those sources within the next two years. 

NWPPC 2000 Fish and Wildlife Program.

The proposed work will collect and model water temperature data for 175 miles of the Okanogan subbasins. This is basic habitat information which:

· Is collected through the use of sound scientific techniques and principles

· Is a component of EDT and the Subbasin Assessment and will therefore contribute to the decision making process

· Will address factors limiting production of both ESA listed and non-listed salmonids thereby contributing directly to efforts to protect, mitigate, enhance, and recover these fish and their habitats

· Will contribute to overall recovery and eventual increases in both tribal and non-tribal harvest opportunities

· Supports research into water temperature effects on fish passage 

· Is habitat based and supports ecosystem management

· Addresses transboundary stocks

All of which are important components of the 2000 Fish and Wildlife Program.

Okanogan Subbasin Summary
As stated in the Okanogan Subbasin Summary, elevated water temperatures are recognized as a primary factor limiting salmonid production in the Okanogan Subbasin. 

"Limiting Factors

Barriers to fish migration, elevated temperatures, and sedimentation are some of the

primary limiting factor to anadromous fish reproductive success in the Okanogan Basin.

The Okanogan River and most of the tributaries have human made barriers, including

dams, culverts, and dewatered stream channels. High water temperatures in the mainstem Okanogan River limit fish reproduction and migration." Page 77
The Okanogan River is listed as a 303(d) stream due to temperature exceedences as indicated below. 

"Ecology’s 1997 Section 303(d) list (Impaired and Threatened Waterbodies Requiring Additional Pollution Controls) includes the Okanogan River for “failure to meet water quality standards for temperature, dissolved oxygen, pH, and fecal coliform” (NWPPC, Okanogan Subbasin Summary, 2001). There is a “consistent late summer water temperature criteria violation (annual violations from 1983-1993) Fish within the watershed are subject to poor water quality and low flow conditions, as well as critically high water temperatures during summer months” (NWPPC, Okanogan Subbasin Summary, 2001). Temperature and flow listings pose the most significant problems to salmon recovery in the Okanogan watershed."  (NWPPC, Okanogan Subbasin Summary, 2001)

The proposed work is consistent with the Goals, Objectives, and Strategies of the Okanogan Subbasin Summary as indicated on pages 235-236:
Confederated Tribes of the Colville Reservation:

"Goal Maintain and protect instream and riparian habitat and support ecological function in these habitats.

Objective 3: Reduce summer water temperatures in the Okanogan Watershed to meet

the needs of salmonids in all life stages.

Strategy 1: Identify priority areas for riparian protection and restoration.

Strategy 2: Restore existing riparian habitat to buffer stream temperatures.

Strategy 3: Explore water conservation strategies to increase water use efficiency."
The proposed work will provide data and modeling capability to conduct sensitivity analysis of factors influencing water temperatures in the reaches surveyed.  

The proposed work will also address Okanogan Subbasin Summary Objectives of the  UCSRB and the WDFW.  

Upper Columbia Salmon Recovery Board:

"Objective 1: 
Allow unrestricted stream channel migration, complexity and floodplain  function."

Department of Fish and Wildlife:

"Objective: 
Address elevated water temperatures in the Okanogan.

Address elevated sediment delivery in Similkameen River and Bonaparte Creek.

Address DDT and PCB presence in the subbasin."

The Okanogan Subbasin Summary goes on to state as an objective:

"Objective 3: Identify opportunities and actions to affect transborder cooperation

between the U.S. and Canada. " 

The proposed work will be consistent with this objective because a portion of the watershed to be surveyed lies within Canada and will require cooperation from Canadian entities.  U.S./Canada data sharing will also result from this project. 

In addition, the "Statement of Fish and Wildlife Needs" section of the Okanogan Subbasin Summary states as an instream restoration need:

"Address elevated water temperatures in Okanogan River." Page 237.

The proposed work will is specifically to address this need. 

National Marine Fisheries Service Biological Opinion for Operation of the Federal Columbia River Power System.
"Action 150 In subbasins with listed salmon and steelhead, BPA shall fund protection of currently productive non-Federal habitat, especially if at risk of being degraded, in accordance with criteria and priorities BPA and NMFS will develop by June 1, 2001."

The proposed project will provide data to support this RPA Action by providing a mechanism to determine locations of thermal input and refugia within the 175 miles to be surveyed in the Okanogan subbasin. This subbasin contains listed anadromous species. Such information can be used to assess the relative productivity of non-Federal habitat lying within the survey area to allow effective habitat protection decision making. 

" Action 152 The Action Agencies shall coordinate their efforts and support offsite habitat enhancement measures undertaken by other Federal agencies, states, Tribes, and local governments by the following:

· Supporting development of state or Tribal 303(d) lists and TMDLs by sharing water quality and biological monitoring information, project reports and data from existing programs, and subbasin or watershed assessment products. 

· Using or building on existing data management structures, so all agencies will share water quality and habitat, data, databases, data management, and quality assurance. 

· Leveraging funding resources through cooperative projects, agreements and policy development (e.g., cooperation on a whole-river temperature or water quality monitoring or modeling project)."

The proposed project will support RPA Action 152 through collection of water temperature information and integration of this information along with other environmental attributes into a temperature model which will be used to develop habitat enhancement measures for the Okanogan (offsite mitigation) river system. The work will directly support state and Tribal TMDLs for the Okanogan Subbasin. 

The project supports NMFS’ Draft Columbia River Biological Opinion (NMFS, 2000), specifically objectives of the RPA identified under Water Quality Strategy (9.6.1.7.1), which emphasize the importance of clean, cool water for fish.  The proposal also supports the water quality objective outlined in section 9.6.2.1 Actions Related to Tributary Habitat objective: “water quality comply with water quality standards, first in spawning and rearing areas, then in migratory corridors.”
The proposed project is an expansion of the temperature modeling work begun by the Pacific Watershed Institute, U.S. Forest Service, U.S. Fish and Wildlife Service, and the Chewuch Basin Council to provide comprehensive water temperature information for tributaries to the Upper Columbia currently used by ESA listed and non-listed anadromous fish. 

All - H Paper

Finally, Section 3.1 of the July 27, 2000 Draft Final “All-H” Paper speaks to the importance of protecting and restoring water quality. “Riparian conditions that determine water temperature…” is identified as one of four habitat factors which will influence performance measures throughout the basin. 

The Upper Columbia Salmon Recovery Board 

Policy coordination is facilitated by the Upper Columbia Salmon Recovery Board (UCSRB), a partnership among Chelan, Douglas, and Okanogan counties, the Yakama Nation, and the Confederated Tribes of the Colville Reservation in cooperation with local, state, and federal partners. Additionally, technical coordination is occurring with the Upper Columbia Regional Technical Team and the Regional Assessment Advisory Committee and well as individual members of  BPA, the NWPPC and the CBFWA.  

The mission of the UCSRB is:

To better meet its mission, the UCSRB wishes to ensure that actions taken to protect and restore salmonid habitat in the region are based on sound scientific principles.  

The proposed project is will assist in recovery of both listed and non-listed salmonids in the Okanogan river system, is based upon sound scientific principles, will provide information necessary to protect and restore salmonid habitat and is therefore consistent with the overall mission of the UCSRB.

d. Relationships to other projects 
USFS, USFWS, Pacific Watershed Institute, Chewuch Basin Council Joint Thermal Imaging Project. 

This collaborative project involved collection of FLIR data from the approximately 300 miles of the Methow, Upper Wenatchee, Upper Yakima, and Entiat River systems. The proposed project will expand upon this work collecting additional FLIR data from  approximately 175 miles of the Okanogan river.  

BPA Project # 200000100. Improvement of Anadromous Fish Habitat and Passage in Omak Creek.
This BPA funded project seeks to restore anadromous  fish habitat in Omak Creek in the Okanogan Subbasin.  Omak  Creek will be covered  in the FLIR survey and the temperature data and modeling derived from the proposed FLIR project can be used to identify areas of thermal input and refugia to support this ongoing habitat restoration effort.

BPA Project # 199604200. Restore & Enhance Anadromous Fish Populations & Habitat in Salmon Creek.  

This BPA funded project seeks to restore anadromous  fish habitat in Salmon Creek in the Okanogan Subbasin.  Salmon  Creek will be covered  in the FLIR survey and the temperature data and modeling derived from the proposed FLIR project can be used to identify areas of thermal input and refugia to support this ongoing habitat restoration effort.

Omak Creek Habitat Restoration Projects funded by the National Fish and Wildlife Federation, the Salmon Recovery Funding Board (Project #00-1683-D).  
Similar to that indicated above for BPA Project # 200000100, Omak Creek will be covered  in the FLIR survey and the temperature data and modeling derived from the proposed FLIR project can be used to identify areas of thermal input and refugia to support this ongoing habitat restoration effort.

Salmon Creek Habitat Restoration Efforts. The CCT, OID, and NRCS are involved in an effort to restore instream and riparian habitat in lower Salmon Creek. Similar to that indicated above for BPA Project # 199604200, Salmon Creek will be covered  in the FLIR survey and the temperature data and modeling derived from the proposed FLIR project can be used to identify areas of thermal input and refugia to support this ongoing habitat restoration effort.

BPA Proposal # 29037 - Ecosystems Diagnosis and Treatment (EDT) in the Columbia Cascade Province.  Under the current solicitation for the Columbia Cascade Province a proposal has been submitted to conduct Ecosystems Diagnosis and Treatment (EDT) in the Wenatchee, Entiat, Okanogan, and Methow subbasins. The FLIR data will be a vital component of the EDT model assessment proposed for the Okanogan Subbasin.  

BPA Proposal # 29021 - Develop a Physical Processes Method (PPM) to Supplement Habitat Conditions Analysis and Subbasin Planning. Also under the current solicitation for the Columbia Cascade Province a proposal has been submitted to conduct Physical Processes Method (PPM) analysis in conjunction with Ecosystems Diagnosis and Treatment.  PPM links EDT to a method identyfing causal mechanisms for environmental degredation and corrective actions.  The FLIR data for the Okanogan Subbasin will provide information used by both EDT and PPM.

BPA Proposal #29022 - Omak Creek Water Temperature Model.  FLIR data collected as part of this project will include Omak Creek and can therefore be used to augment the Omak Creek Water Temperature modeling work also proposed.  In addition, Omak Creek lies within the Colville Reservation and therefore inclusion of Omak Creek in the FLIR survey area will support temperature TMDL development on tribal lands outside of Department of Ecology jurisdiction.  
 Okanogan County Conservation District Water Quality Monitoring Program. The Okanogan County Conservation District began a water quality monitoring program in May 2000. Sites are tested for pH, DO, temperature, pesticides and other components. In addition the Departments of Ecology and Natural Resources cooperatively established water quality monitoring sites on the Loomis State Forest. The data collected will be used for the TMDLs. 

e. Project history (for ongoing projects) 

New Project
f. Proposal objectives, tasks and methods
This project requires considerable coordination, public outreach and education.  First, Ecology has found that executing a project of this size involving on the ground monitors and helicopter overflights requires extensive public information, education, and preparation before, during and after the project.  Second, stakeholders in the area need to be informed and included into an implementation steering committee to ensure effective implementation of the strategies to improve water quality.  Ecology is cost sharing the cost for follow-up activities including monitoring and compliance. However the result of this proposal is synergy with the local communities to accomplish the best management practices requisite to reducing summer temperatures.

The data from this project along with the local planning and work activities must and will be shared with numerous other project leaders in the area.  Data collection will be coordinated and shared on a continuous basis. The data will reside at Ecology and will be available on the Agency’s web site. Resulting load allocations for vegetation  and shading and other implementation activities will also be coordinated for use by other ongoing projects in the area hosted by Tribes, County, WDFW, Conservation Districts, and others.

The data should improve the outcome of EDT modeling by providing accurate and complete information on water quality within the mainstem and tributaries of the Okanogan. The water cleanup plan should be the basis for developing an effective subbasin plan for the Okanogan/Similkameen system (as stated in the subbasin summary water quality factors, especially temperature issues are the predominate factors influencing salmonid survival). 

Goal: Protect and restore water quality to meet fish conservation requirements of ESA, as well as water quality requirements of the Clean Water Act.

Objective 1. Accurately assess water quality factors limiting anadromous fish populations and develop a water cleanup plan to protect and restore water quality to meet the needs of listed species. The plan will guide state, federal, tribal and local decisions, priorities and actions concerning anadromous fish protection and restoration.

Tasks and Methods:

(a) Collect using the Forward Looking Infrared Radiometry (FLIR) multispectral imaging of riparian vegetation, stream temperatures, and habitat information over approximately 175 miles of this watershed. FLIR products, including a digital video are invaluable from a number of aspects. They enable the identification of heat sources, the assessment of the effects of thermal refugia, tributary input, groundwater input, and the assessment of streamside conditions.

FLIR Survey Description

FLIR and color video images are collected with instruments mounted to a helicopter that can “fly” as much as 100+ kilometers of river/stream per day.  The output data consists of GPS-tagged FLIR digital images that cover approximately 100 x 150 meters with less than 0.5 meter of spatial resolution.  The spatial continuity of the FLIR data has made it possible to visually observe many of the thermodynamic processes associated with stream heating as they occur.  

Data collection is timed to capture maximum daily stream temperatures, which typically occur between 14:00 and 17:00 hours.  The helicopter is flown longitudinally over the center of the stream channel with the sensors in a vertical (or near vertical) position.   Streams are typically surveyed upstream starting from the mouth.  In general, the flight altitude is selected so that the stream channel occupies approximately 20-40% of the image frame.  

In-stream temperature data loggers (Onset Stowaways) are distributed in each sub-basin prior to the survey to ground truth (i.e. verify the accuracy) the radiant temperatures measured by the FLIR.  Temperature accuracy of the imagery is typically within (0.5oC of the in-stream monitors.  Meteorological and flight conditions are recorded during the survey to calibrate the sensor.  Stream flow measurements will also be conducted concurrent with the flights.

Data Products

A longitudinal temperature profile provides the current condition thermal regime for stream temperature analysis.  Image analysis along with temperature sampling provides insights into the thermal behavior of the stream.  This includes quantifying the individual and cumulative point source influences on stream temperatures.

A GIS database is used to present the data and link the FLIR and video images to geographic locations. The database provides a means to visualize the data with other spatially explicit data sets.  A report is also developed that presents the longitudinal profile, discusses general thermal conditions in the basin, and also points out areas of interest.  Figure 1 is presented as an example FLIR application in determining spring/groundwater inflows and their influence on mainstem temperatures.  

Figure 1. Example of Spring/Groundwater Inflow (Temperatures are in oC).
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FLIR Image/Video Image
The information generated from the above described methods is as follows: 

· ArcView GIS database containing image (<1 meter pixel resolution), locations, stream temperatures, tributary temperatures, river kilometer, and image interpretations;

· Longitudinal profile of stream temperatures with ± 0.5oC resolution versus river kilometer mapped either from the mouth or the headwaters;

· Quantitative analysis and verification of radiant temperature accuracy based on comparison to in-stream temperatures measured with continuous monitors;

· Overlapping FLIR images for the entire extent of the flight; Images are geo-referenced to the location they were acquired. 

· Corresponding visible video imagery of the survey.

Draft and Final Reports including discussions of data quality and interpretations of FLIR imagery.

The FLIR survey work will be conducted on 175 miles of the Okanogan River and tributaries.  The mainstem Okanogan will be surveyed to approximately river mile 125. In addition 50 miles of tributaries will be surveyed. Specific tributaries and tributary reaches are to be determined. 

(b) Validate the broad spatial scale data with on the ground data from in-stream data loggers and continuous gages operated by Ecology and others. Accurate data profiles will be generated to understand water quality and aquatic habitat factors related to temperatures. The data will help us identify and model heat inputs and devise credible implementation plans to reduce water temperatures to healthy levels. 
(c) Document and share stream temperatures and habitat conditions within the Okanogan subbasin with federal, state and tribal fish managers, for improved habitat assessments.

(d) Digitize data for stream banks and riparian vegetation attributes for use in ArcView.  Maps created will show stakeholders the location and magnitude of temperature problems and associated land use activities, throughout the Okanogan/Similkameen system. This information, along with the digital video produced by FLIR, is key as catalyst and stimulant for establishing future local implementation plans and activities to correct water temperature exceedences.  Furthermore, but equally important, is their use to show and convince landowners, and resource agencies, of the real need for riparian restoration to achieve lower water temperatures.

(e) Statistically analyze data using predictive stream temperature analytical models (Heat Source, QUAL2K), to determine appropriate vegetative shade targets to achieve water quality standards. This task defines the total maximum allowable daily loads from various sources to reduce temperatures and meet anadromous fish needs. 

(f) Coordinate and share the information with other state agencies (WDFW), tribes, EPA, and local governments and other entities. Encourage others to use the data for a number of analyses relating to habitat, dissolved oxygen, pesticides, water quality, and overall watershed health.  A key effort supported by the NPPC is the use of the information for Ecosystem Diagnostic and Treatment (EDT) modeling to improve the state of existing knowledge about water quality. As stated above, a special effort will be taken to share the information and the water cleanup plan with British Columbia Ministry of Environment, Lands and Parks—the Canadian provincial government mandated to maintain and restore water quality. 

Products:

All final products will be present on CD-ROM and available for use with other products in the basin. They include

· ArcInfo GIS database containing image (<1 meter pixel resolution), locations, stream temperatures, tributary temperatures, river kilometer, and image interpretations.

· Longitudinal profile of stream temperature with ( 0.5(C resolution versus river kilometer mapped either from the mouth or headwaters.

· Quantitative analysis and verification of radiant temperature accuracy based on comparison to in-stream temperature measured with Onset Stowaway continuous monitors.

· Overlapping geo-referenced FLIR and associated digital day images for the entire extent of the flight.

· Draft and Final Reports including discussions of data quality and interpretations of FLIR imagery.

· Database of continuous temperatures and flows.

· Technical analysis report of stream dynamics with recommendations for targets for control of shade that influence stream temperatures.

Objective 2. Establish implementation plan and a monitoring program to evaluate the effectiveness of water quality strategies and related salmonids responses at the subbasin level. The follow-on implementation activities over time will result in heat reductions to maximize the habitat that is optimal for salmonids. 

Tasks and Methods.

(a) Develop a detailed implementation plan with locally involved entities: the Confederated Tribes of the Colville Reservation; The Upper Columbia Salmon Recovery Board; Okanogan County; Okanogan County Conservation District; Departments of Fish and Wildlife and Natural Resources; US Forest Service, USDI Bureau of Land Management; Oroville Tonasket Irrigation District; Okanogan Irrigation District; and a watershed planning group in the developing stages. Ecology will cost share this task by absorbing the multi-year cost of facilitation and implementation activities to achieve healthy temperatures. This task is projected to begin in FY2004. 

(b) Coordinate an effectiveness monitoring program with the entities listed above. A local organization of involved entities (could be the watershed planning group once functional) will be formed to implement best management practices until temperature standards are met and healthy aquatic conditions for salmon and trout are established.

Cost Sharing:

Ecology will contribute $50,000 per year to this project for:

- Project Management.  This effort includes overall organizational, personnel, training, scheduling, material, and resource management. 

- Technical Support and Guidance.  This effort represents developing a quality assurance plan, and guiding all technical aspects of the sampling, data gathering, and analysis. 

- Onsite Coordination of stakeholders, other related project leaders, and interagency information sharing throughout the project preparation and execution periods. 

- Public education, information, and involvement. This effort includes preparing public information and coordination requisite to gaining stakeholder and general public project acceptance and building interest in follow-on implementation activities during both the preparatory and execution phases. 

- Continued monitoring of Ecology’s core and rotating water quality data monitoring stations during the project period. 

As previously stated, Ecology intends to follow through in subsequent years most of the cost of implementation plans to ensure healthy temperatures are achieved.

Ecology will also contribute $100,000 during FY03 to complete FLIR survey work, QUAL2K modeling, and temperature TMDL development on the Wenatchee subbasin.  The FLIR work and modeling for the Wenatchee subbasin was previously proposed under the original submittal of project #29015, but will now be absorbed entirely by Ecology and is now listed as a cost share.  

In addition, the Colville Confederated Tribes will donate staff time for final planning and coordination equivalent to approximately $15,000 per year. 

g. Facilities and equipment
All equipment needed to conduct this work will be provided by subcontractors.

All equipment necessary to complete the FLIR surveys will be provided by the subcontractor.  Subcontractor costs include aircraft mobilization fees. 

Modeling will be performed by Golder Limited Calgary office who specialize in stream modeling. Computer equipment needed to complete the modeling will be provided by the Calgary office.  

Project management will be conducted jointly by the Colville Confederated Tribes through the  Nespelem office and the Washington Department of  Ecology through the Yakima and Olympia offices. 
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Name: Gerald F. Marco

Title: Senior Fish Biologist

Current Employer: Colville Confederated Tribes

FTE: 0.1

Relationship to Project: Mr. Marco will act as the project leader. He will be responsible for supervision and technical oversight of all aspects of this project. 
Current Responsibilities: Responsible for the restoration and recovery of anadromous and resident fish resources on the Colville Indian Reservation and Tribal traditional areas. Provide the  oversight and administrative responsibility for more than twenty fish restoration and management projects on the reservation.
Expertise:  My primary area of expertise is with Mid-Columbia River anadromous fish, their biology and management including: population dynamics, life history, stock assessment, harvest management and upstream/downstream passage through Hydro-Projects.

Education:


Humboldt State University

School of Fisheries

B.S. Fishery Science, 1975

Experience:    

1991 to Present -  Senior Fishery Biologist, Colville Confederated Tribes Fish and 

Wildlife Department. P.O. Box 150, Nespelem, WA 99141.

1983 to 1991 -  Fishery Biologist 2, Colville Confederated Tribes Fish and Wildlife 

Department.  P.O. Box 150, Nespelem, WA  99141.

1977 to 1983 -  Fishery Biologist 1, Colville Confederated Tribes Fish and Wildlife 

Department. P.O. Box 150, Nespelem, WA  99141.

1976 -  Aquatic Scientist, California Department of Fish and Game. Region 3, 

Yountville, CA.

1975 – Fisheries Technician, California Department of Fish and Game. Region 3, 

Yountville, CA.

Name: Christopher J. Fisher

Title: Anadromous Fisheries Biologist II
Current Employer: Colville Confederated Tribes

FTE: 0.2

Relationship to Project: Mr. Fisher is an Anadromous Fish Biologist with the Colville Confederated Tribes. He will work in conjunction with Mr. Peone and Mr. Marco to provide technical support as needed for this project. 

Education: University of Georgia

South Dakota State University


        School of Forest Resources
Dept. of Wildlife and Fisheries Sciences


        B. S. Forest Resources 1990
M. S. Wildlife & Fisheries Science 1996


        minor Fisheries management
(Fisheries option)

Duties:  My duties include the management of anadromous fish stocks for 

population viability and subsistence for tribal members.  I conduct and evaluate 

creel surveys, analyze catch data and develop regulations.  I also participate 

planning and implementation for watershed restoration projects.  I prepare 

correspondences and reports (monthly, quarterly, annually, and conditionally)

needed to maintain good communications within the Tribal organization and 

Federal, State, and Tribal fishery agencies.  I develop budget contract proposals, 

modifications, and reports as required by Tribal policy or established under 

contract agreements.  

Past Employment:


Job title:  Fishery biologist


Employer:  U.S. Forest Service, Okanogan National Forest (Jan 96 to Mar 97)



       U.S. Forest Service, Boise National Forest (Apr 94 to Nov 95)


Job title:  Fishery technician


Employer:  Idaho Department of Fish and Game, McCall (Jun 90 to Nov 91)


Job title:  Research technician


Employer:  School of Forest Resources, University of Georgia (Apr 88 to Sep 89)

Expertise:

By acquiring my education in the southwest and midwest and being employed by both state and federal agencies in three different regions of the country my experience in fisheries is extensive and diverse.  My wide range of experience has provided me with expertise in collecting, analyzing and interpreting physical habitat, fish population and harvest data and the ability to communicate management activities and research results to professional and civic groups via technical reports or presentations.  Recent job completions include coordinating culvert replacement, installation of multiple instream structures, evaluating effects of a fire retardant spill on Omak Creek.  I was a constructive contributor to the Salmon and Steelhead Habitat Limiting Factors Assessment Watershed Resource Inventory Area 49:  Okanogan Watershed.
Represenative Experience

            Mr. Fisher is a fishery biologist with 10 years of experience in fish sampling techniques, data entry, analysis, grant writing, project management, and research and education programs.  Mr. Fisher has provided technical expertise in habitat assessments, fish restoration projects, land-management projects for the U.S. Forest Service and Colville Confederated Tribes. He has participated as a team member and project sponsor and is skilled in objectively presenting issues and interdisciplinary problem solving.   He has contributed to the management of anadromous and resident fish stocks for population viability and subsistence for a variety of user groups.  He continuously evaluates fishery harvest data to develop regulations and ensure sustainability of the resource. 

            Mr. Fisher has contributed to several watershed analyses within the Okanogan River Basin. He has applied his knowledge of watershed principles in areas of rehabilitation efforts (Burned Area Emergency Rehabilitation (Idaho, Colorado, New Mexico), Watershed Fisheries Evaluation, Environmental Assessments, Road decommissioning, livestock management, timber harvest).

            Mr. Fisher has been involved in a variety of fish restoration activities in the Okanogan River Basin.  Restoration activities have included the evaluation of fish passage barriers and designing alternative plans to allow access, identifying the source and reducing the adverse impacts to spawning habitat and associated and implementing a plan to accelerate aquatic resource recovery.  Restoration techniques include conifer revetments and mattresses, riparian vegetation planting, exclusionary fencing, culvert removal/replacement,

Name
Paul G. Wagner
FTE's 
0.1

Relationship 

To Project
Under contract with the Colville Confederated Tribes, Mr. Wagner will provide technical assistance to Mr. Fisher and Mr. Marco in the areas of model development, data collection, project coordination with U.S. and Canadian entities, and report drafting.  

Education
B.S., Fisheries, University of Washington, 1983.

Experience

7/00 to date
Golder Associates
Redmond, Washington

Senior Biologist – Ecological Sciences Group
Provides project management, business development, and consulting services in technical fisheries biology with emphasis on Endangered Species Act issues throughout the Columbia Basin.  Mr. Wagner has an extensive background in juvenile and adult fish passage facility design, operation and maintenance, passage monitoring, aquatic ecological research, GIS and hydraulic modeling, water quality and habitat assessment, statistical analysis, and general fish ecology.  He has a wide range of project experience in conducting technical field studies developing and utilizing scientifically accepted methodologies. Examples include work with juvenile and adult salmonids, benthic macroinvertebrates, and freshwater resident fish. Currently, he coordinates with Golder technical services to provide solutions to client problems in the area of fisheries population and habitat protection as needed for compliance with ESA and other government regulatory requirements.  

3/87 – 7/00
Washington Department of Fish and Wildlife
Olympia, Washington


Fish and Wildlife Biologist 2,3, 4

Duties:  McNary, Ice Harbor, and Lower Monumental Dam Smolt Monitoring, Gas Bubble Trauma, and Fish Transportation Oversight program supervisor.  Agency representative on Vernita Bar Monitoring Team.  Research project leader: McNary Fallback Evaluation (1990-1991), Hanford Reach Wild Juvenile Fall Chinook PIT Tag Evaluation (1991-1999), USFWS/WDFW Fall Chinook Contribution Cooperative Study (1991-1994), NMFS/WDFW Cooperative Evaluation of the New McNary Juvenile Collection Facility (1994), NMFS/WDFW Cooperative Evaluation of the New Ice Harbor Juvenile Bypass Facility (1996) Evaluation of Juvenile Fall Chinook Stranding on the Hanford Reach (1996-2000). The latter is a large cooperative research project to determine effect of flow fluctuations resulting from power peaking operations at Priest Rapids Dam on juvenile fall chinook, resident fish, and benthic macroinvertebrates inhabiting the Hanford Reach of the Columbia River.  Includes development of a Geographic Information System (GIS) based model of river flow changes and chinook susceptibility. Other past duties have included: 1) McNary Fish Transportation Oversight Team (FTOT) representative, 2) Pacific Northwest Environmental Database representative, 3) Unresolved Fish Passage Problem Program physical survey and database work, 4) Baker Lake Spawning Beach supervisor.

Specific Responsibilities:  Senior biologist responsible for formulation and management of federal contract budgets totaling approximately $950,000 per year.  Supervision of 12-20 professional biologist and technician staff.  Program coordination with federal, state, tribal and consultant groups of the Columbia and Snake River basin.  Cooperative and independent research planning, implementation, and evaluation. Oversight and management of subcontracted research groups. Hanford Juvenile Fall Chinook Stranding Evaluation Technical Committee Co-chairman.  Formal presentations to review committees including: Northwest Power Planning Council (NPPC), Independent Scientific Review Panel (ISRP), Columbia Basin Technical Management Team (TMT), Washington Fish and Wildlife Commission, U.S. Army Corps of Engineers Anadromous Fish Evaluation Program (AFEP), Hanford Juvenile Fall Chinook Stranding Evaluation Policy and Technical Groups, Environmental Protection Agency (EPA), Columbia Basin Fish Passage Advisory Committee (FPAC), The Bonneville Power Administration (BPA), and others.  Agency representative on technical advisory groups related to juvenile bypass system design, operation, and water temperature issues. Technical and fiscal reporting. Inspection of McNary juvenile salmonid bypass/transportation system facilities in accordance with FTOT criteria.  Oversight of juvenile passage research at McNary Dam.  Dissemination of juvenile passage information to federal, state, and tribal fisheries groups of the Columbia basin.  Development and implementation of thermal profiling program.  Coordination with federal, state, local government and tribal fisheries groups to determine anadromous fish ranges and barriers in Puget Sound tributaries for incorporation into GIS database.  Conduct physical surveys of all Skagit and Whatcom county owned anadromous barriers and determination of anadromous habitat potentially available upstream. Statewide anadromous barrier database development. Supervision of technical staff responsible for operation of sockeye/coho spawning beach program located on Baker River system.  

TECHNICAL REPORTS
Hoffarth P., S. Lind, W. Price, L. Spencer, R. Tudor, and P. Wagner.  1998  McNary Dam, Ice Harbor Dam, and Lower Monumental  Dam Smolt Monitoring Program Annual Report. State of Washington. Department of Fish and Wildlife.  Fish Management Division. Prepared for United States Department of Energy. Bonneville Power Administration. Division of Fish and Wildlife. Project Number 87-127.  BPA Agreement Number DE-FC79-88BP38906.  36 pages.

Nelson W., D. Rondorf, and P. Wagner.  Subyearling Chinook Salmon Marking at McNary Dam to Estimate Adult Contribution. 1991. United States Fish and Wildlife Service. Columbia River Research Laboratory. Washington Department of Fisheries. Habitat Management Division. Chapter Three of Identification of Spawning, Rearing, and Migratory Requirements of Fall Chinook Salmon in the Columbia River Basin. 1991 Annual Report.  Prepared for U.S. Department of Energy.  Bonneville Power Administration.  Division of Fish and Wildlife.  Project Number 91-029.  Contract Number DE-AI79-91BP21708.  pp 52-62. 

Wagner, P. 1990 Evaluation of the use of the McNary Bypass System to divert Adult Fallbacks away from Turbine Intakes.  State of Washington. Department of Fisheries. Habitat Management Division. Report to United States Army Corps of Engineers. Modification to Contract Number DACW-68-82-C-0077. Task Order Number 9. 72 pages.


Wagner P., J. Nugent, W. Price, R. Tudor, and P. Hoffarth.  1997-99 Evaluation of Juvenile Fall Chinook Stranding on the Hanford Reach.  1997 Interim Report.  Washington Department of Fish and Wildlife. Prepared for the Bonneville Power Administration and the Public Utility District Number 2 of Grant County. BPA Contract Number 97BI30417, Project Number 97-104.  GCPUD Contracts Document 430-647.  44 pages

Wagner, P. and T. Hillson.  1992.  1991 Evaluation of the use of the McNary Bypass System to Divert Adult Fallbacks Away from Turbine Intakes.  Washington Department of Fisheries. Prepared for the U.S. Army Corps  of Engineers. Modification to Contract DACW68-82-C-0077.  Task Order Number 10.  25 pages.

Name
 
Mark R. Digel

FTE's 

0.2

Relationship to Project

Mark Digel specializes in water quality and stream modeling and will work with WDOE staff  to conduct model development and use for this project.  

Education
B.Sc., Geology (First Class Honours), Brock University, 1983



M.Sc., Petrology, University of Ottawa, 1987



M.E.Des., Environmental Science, University of Calgary, Specialization - Water Resources, 1992



MINTEQA2 Geochemical Speciation Workshop.  Allison Geoscience, 1994.



Design of Water Quality Monitoring Networks Course, Colorado State University 1998.

Affiliations
Canadian Water Resources Association

Awards
J.P. Bickell Foundation Award



Faculty of Environmental Design Scholarship

Experience

1990 to date
Golder Associates Ltd.
Calgary, Alberta



Environmental Management Associates 

Aquatic Assessment and Modeling Specialist (1990-1996)

Manager, Surface Water Group (1996-1998)

Associate and Senior Environmental Scientist (1999-)


Responsible for the design, implementation and management of water quality and aquatic assessments for a wide range of projects including; environmental baseline studies, environmental assessments, basin planning, permitting, risk assessments, and cumulative effects assessments.  Specialist in receiving water quality assessments and computer simulation modeling of aquatic systems, including streams, rivers, lakes, reservoirs and wetlands.  Work includes design and implementation of aquatic monitoring programs, application and refinement of mathematical models, probabilistic modelling, development and implementation of innovative modelling approaches, design and implementation of assessment approaches, project management, report preparation and presentation.  
1989-1990
University of Calgary
Calgary, Alberta

Research/Teaching Assistant



Thesis research on water quality modelling applications, laboratory instruction.

1988-1989
Mount Royal College
Calgary, Alberta

Laboratory Instructor (part-time)



Laboratory instruction.

1985-1987
Geological Survey of Canada
Northwest Territories/

Senior Geological Field Assistant (summers) 
Ontario, Canada

Regional scale geological mapping, interpretation and reporting of bedrock features for major  field programs in the eastern Arctic islands

Related Projects

River Water Quality Modeling
Edmonton, Alberta

Implementation of a two-dimensional model of the North Saskatchewan River using the WASP modeling system.  Calibrated the model for lateral dispersion and for the fate and transport of nitrogen and phosphorus forms, TSS, and fecal coliforms.  Acted as project manager and principal modeler.

River Oxygen Modeling
Calgary, Alberta

Dynamic river quality modeling of Oldman River to predict the instream flow needs (IFN) necessary to maintain adequate oxygen conditions for the protection of aquatic life.  Conducted the river quality modeling for a similar IFN study for temperature, oxygen and ammonia conditions in the Bow River.

Reservoir Modeling
Southern Alberta, Canada

Implemented two-dimensional reservoir simulation models on the Chain Lakes, Crawling Valley and Squaw Coulee reservoirs, as well as two proposed reservoirs in southern Alberta. Multi-year simulations were run for temperature, dissolved oxygen, nutrients, salinity and total phytoplankton. Procedures were established to link reservoir simulations input and output with the river simulation models.

Model Training Workshop
Edmonton, Alberta

Lead a training workshop for water resource managers on the use of the WASP model as a water quality management and assessment tool for the North Saskatchewan River using the PrePo© interface program.

Northern Rivers Basin Study
Edmonton, Alberta

Contaminant Fate Modeling 

Simulation of the fate and transport of toxic organic pulp mill contaminants in the Athabasca River and Wapiti/Smoky River systems.  Utilizing the WASP modeling framework, contaminants were simulated in the water column, attached to suspended solids, and in the bed sediment.  Output from the fate model were being linked with a food-chain model to simulate the accumulation of contaminants in aquatic invertebrates and fish.

Name: Russell N. Faux Jr. 

Title: General Partner/Projects Manager, Watershed Sciences, LLC

FTE/Hours: 0.3

Relationship to Project

Under subcontract, Mr. Faux will direct/conduct all aspects of the FLIR surveys to be conducted in the Okanogan subbasin.   

Education

Master of Science in Bioresource Engineering 

Oregon State University, Corvallis, OR 




Sept. 1996

Bachelor of Science in Electrical Engineering 

Pennsylvania State University, University Park, PA                                       May 1987

Current Employer: Watershed Sciences, LLC




712 NW 4th Street




Corvallis, OR 97330




Phone: (541)-760-1835







e-mail: faux@watershedsciences.com

Current Responsibilities:  

Watershed Sciences, LLC is a small environmental consulting firm specializing in low altitude remote sensing and geographic information systems (GIS). As general partner in this firm, my responsibilities include contracting, project management, and daily business operations.  The project management aspect encompasses project design, scheduling, management of field crews and equipment, coordination with customers, and development of final products. Responsibilities also include the development of tools and techniques for processing field data and producing final products.

List of Previous Employment:

Professional Consultant, Corvallis, OR   

Ames Research Center, Mt. View, CA (1993)

Griffo Brothers, Inc., Corvallis, OR (1997-1999)

Watershed Sciences, LLC (1999 – present)

Department of Forest Science, Corvallis, OR (7/97 – 6/01)                                   
Faculty Research Assistant, Oregon State University                                     



Agriculture Policy Research Unit, Lilongwe, Malawi, Africa (6/96 – 10/96)

Visiting Research Fellow                                                                          



Department of Bioresource Engineering, Corvallis, OR (9/93 – 6/96)
Graduate Research Assistant Oregon State University                                 



Army Materiel Systems Analysis Activity, Aberdeen Proving Ground, MD (10/87 – 3/93) Electrical Engineer                                                                                     



Experience:

I have over 15-years experience as an engineer and project manager on a variety technical programs in both the public and private sectors.  I have developed expertise in airborne instrumentation as well as a solid background in hydrology and stream ecology.  Prior to 1993, I designed and implemented test programs for sensor and communication sub-systems on military aircraft.  Through this position, I developed both technical and project management skills on high visibility, multi-agency projects.  Since then, my career has focused on the application of airborne remote sensing, computer modeling, and geographic information systems to address natural resource issues with a particular emphasis on water resources.  Projects include the development of a GIS based water quality model to evaluate alternate irrigation practices in the Malheur River Basin, OR, development of tools and techniques for airborne thermal remote sensing of stream temperature, and the riparian vegetation mapping from aerial photography.  I am currently a general partner in a small environmental engineering firm that specializes in airborne remote sensing of river and streams using thermal infrared (TIR) and color videography.  I have successfully managed TIR monitoring projects in the Pacific Northwest from Northern California to the Canadian Border totaling over 4000 stream miles.  Customers have included Federal (US Forest Service, Bureau of Land Management), State (OR Department of Environmental Quality, WA Department of Ecology, CA North Coast Regional Water Quality Board), Watershed Councils, Tribes, and private entities.  International experience includes a member of a small technical assessment team in the Middle East (1991) and an invited research fellow at the University of Malawi, Africa (1996).  Technical skills include expertise in GIS and computer programming.

Publications: 
Faux, R. N., H. Lachowsky, P. Maus, C.E. Torgersen, and M.S. Boyd. 2001. New Approaches for monitoring stream temperature: Airborne thermal infrared remote sensing.  Inventory and Monitoring Project Report – Integration of Remote Sensing.  Remote Sensing Applications Laboratory, USDA Forest Service, Salt Lake City, Utah.

Torgersen, C. E., R. N. Faux, B. A. McIntosh, N. J. Poage, and D.J. Norton. 2001. Airborne thermal remote sensing for water temperature assessment in rivers and streams. Remote Sensing of Environment 76(3): 386-398. 

R. Faux and B. McIntosh. 2000. Tools & Techniques: Stream temperature assessment using forward-looking infrared (FLIR).  Conservation Biology in Practice. V. 1, No. 1.

Columbia Basin Projects/Reports

Completed:

R. Faux and B. McIntosh. Remote sensing survey of the Grande Ronde River Basin. Final Report May 12, 2000. Oregon Department of Environmental Quality.

R. Faux and B. McIntosh. Remote sensing survey of the Tualatin River Basin. Final Report. January 2000. Oregon Department of Environmental Quality.

R. Faux and B. McIntosh. Remote sensing survey of the Walla Walla River Basin. March 2001. Oregon Department of Environmental Quality.

R. Faux and B. McIntosh.  Remote sensing survey of Squaw Creek. December 2000. Squaw Creek Watershed Council.

Pending:

Aerial survey the Methow and Entiat River Basins: Thermal infrared and color videography.

Aerial survey in the Upper Wenatchee River Basin: Thermal infrared and color videography.

Aerial survey in the Upper Yakima River Basin: Thermal infrared and color videography.

Gregory J. Pelletier, P.E.

Department of Ecology

P.O. Box 47710

Olympia, WA  98504-7710

(360) 407-6485

FTEs: 0.1

Relationship to Project: Mr. Pelletier will act as technical coordinator for the Department of Ecology and will be responsible for oversight of TMDL development.  

Professional Experience

February 1988 to Present: Environmental Investigations and Laboratory Services Program, 

Washington State Department of Ecology, Olympia, Washington
Water Quality Engineer. As a licensed Professional Engineer:

· Conducts basin-wide studies of pollutant loading, fate, and transport. Recent modeling studies of stream temperature include basin-wide monitoring and analysis of the Wind River and Stillaguamish River. 

· Directs complex water quality modeling studies throughout the state, resulting in recommendations for developing or changing departmental management strategies, policies, and regulations for water pollution control. 

· Provides professional engineering expertise in environmental engineering, including technical review, evaluation, and recommendations on issues associated with modeling applications and maintenance of water quality standards. 

· Provides supervision and training of staff.

April 1984 through January 1988:  Harper-Owes (currently named Harding Lawson Associates)

Seattle, Washington, Water Quality Engineer. Performed environmental engineering duties in the field of water quality assessment and modeling. Determined effects of waste water on water quality of surface and ground water. Independently designed, conducted, and managed projects in the field of environmental engineering for water quality assessment and modeling.

April 1982 through March 1984:  unicipality of Metropolitan Seattle, Seattle, Washington

Water Quality Scientist. Performed water quality data analysis and technical report writing. Summarized results of water quality monitoring studies in technical reports. 

January 1982 through December 1983:  Herrera Environmental Consultants, Seattle, Washington

Water Quality Scientist. Project manager for a water quality investigation of Wapato Lake, Tacoma. Managed investigation of effectiveness of environmental engineering controls of stormwater and lake quality. 

Education

1979 –to 1985:  University of Washington, Seattle, Washington

Master of Science in Engineering, Department of Civil Engineering

1975 to 1979:  Springfield College, Springfield, Massachusetts

Bachelor of Science, Environmental Studies
WILL KENDRA

Watershed Ecology Section Manager

Environmental Assessment Program

Department of Ecology

POB 47600

Olympia, Washington  98504-7600

Phone:  (360) 407-6698

E-mail:  wken461@ecy.wa.gov
FTEs: 0.1

Relationship to Project: Mr. Kendra will act as Project Leader for the Department of Ecology and will be responsible for all aspects of administrative oversight and project coordination related to DOE participation. 

EDUCATION


B. S.  
Fisheries Resources, University of Idaho, 1981


M. S.  
Fisheries Resources, University of Idaho, 1983

EXPERIENCE


Fisheries Research Biologist






Washington State Department of Game, 1983-1985
· Conducted steelhead stock assessment for Washington State as part of the Columbia Basin Anadromous Salmonid Stock Assessment project.


Aquatic Pollution Ecologist


Washington State Department of Ecology, 1985-1991
· Conducted water quality monitoring and assessment studies to determine the sources, effect, and fate of pollutants discharged to Washington waters.


Watershed Studies Manager


Washington State Department of Ecology, 1991-2001

Managed a staff of 40+ environmental scientists, engineers, and hydrogeologists responsible for conducting a statewide water quality monitoring program on surface and ground waters including the development of Total Maximum Daily Loads (TMDLs) required under Section 303(d) of the Federal Clean Water Act.
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