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Section 9 of 10. Project description

a. Abstract 
Washington’s Department of Ecology proposes to enhance fish species survival and reproduction by mitigating high temperatures within key waterbodies of the Columbia Basin.  This proposal outlines the integration of recent technology, previously used successfully by the State of Oregon, to establish load allocations and adjust temperature levels within fish bearing streams.  The results of these projects will be used to directly affect the design and implementation of restoration work in the area.    

Many stocks of anadromous fish use streams and rivers in the Walla Walla, Palouse, and Crab Creek sub-basins for spawning, incubation, and rearing.  The waters of these streams are the basic habitat within which fish live, survive, and reproduce.  These and other waterbodies have been found to have temperature levels which are harmful to fish survival and reproduction.  Pollution of these waterbodies presents a threat to the survival of species.

Under section 502(6) of the federal Clean Water Act, heat is defined as a pollutant.  Elevated temperature can stem from point sources of heat, such as industrial and municipal discharge, as well as from increased exposure of the water to solar radiation.  Solar radiation striking the water or surrounding land can provide the energy for an increase in temperature.   There generally is an increased influx of solar radiation when the natural characteristics of the stream and/or surrounding land are altered. Most of the sources of thermal input are nonpoint sources.  The primary anthropogenic cause of elevated temperatures in rivers and streams is increased solar radiation due to widening of streams or loss of shading vegetation.  Other factors that affect temperature are tributary inputs, ground water flow, point source discharge, and topographic shading and hydrologic modification.

In order to mitigate the effects of potential sources of heating, it is necessary to identify the sources.  It is difficult to delineate the effects of these factors across broad river systems using current methodologies.  The current methods for temperature monitoring uses instream temperature loggers that measure temperature at single points in the stream.  While these methods are important to obtain temporally consistent data at each of these singular points, temperature can vary by several degrees within several meters of the logger without it detecting these differences.  

What is needed is spatially continuous data to complement the temporally continuous data that is the current paradigm. Currently the most appropriate technology for spatially continuous temperature monitoring in rivers and streams is airborne Forward Looking Infrared Radiometry (FLIR) and its technical analysis.  In addition to the raw thermal imagery, color video imagery of the site is valuable for assessment of the condition of stream banks and riparian vegetation.  In order to coordinate the FLIR and video imagery and to reference the images to a specific geographic location, differential Geographic Positioning System (GPS) data must be collected concurrently with the other data.  After collection the data must be assimilated, coordinated and presented in a form which can be read by Geographic Information System (GIS) applications such as ArcView for validation of temperature models used in the development of Total Maximum Daily Loads (TMDLs). 

The imagery would also aid in public outreach by enabling stakeholders to assess the streams condition down to local reaches that are directly affected by their actions or that have a direct bearing on their property.  Perhaps the greatest contribution of FLIR technology is the ability to specifically display thermal habitat fragmentation of isolated cool-water refugia separated by warmed reaches. By mapping the extent of source (heating) and cool thermal refugia areas in these sub-basins, a baseline for long-term recovery of fish populations will be established.

b. Technical and/or scientific background

Forward looking infrared radiometry (FLIR) technology was originally developed for military applications.  FLIR cameras detect energy waves in the long-wave, 8-12 micron, infrared range of the energy spectrum.  By “seeing” in this spectrum the FLIR cameras can detect slight variances in the amount of thermal energy radiated by an object. In the last several years this technology has been re-tasked to environmental uses. Several studies have been conducted in the Pacific Northwest that use FLIR to investigate the thermal conditions of streams and rivers (McIntosh et al., 1995; Torgerson et al., 1995;

Torgerson et al., 1999).  These reports have shown that FLIR is an affective and efficient method for identifying cool versus warm streams within a watershed, cool reaches within

a stream, and cool habitats within a reach.  Thermal imagery has been obtained for the mainstem of the Walla Walla river in a cooperative agreement between Ecology and Oregon Department of Environmental Quality (DEQ).  This data could be coupled with data from this proposed project to obtain a more complete thermal picture of the watershed.
c. Rationale and significance to Regional Programs
Elevated water temperature is known to detrimentally affect salmonids as well as other fish groups.  The draft Walla Walla sub-basin study (Saul, et al. NWPPC, 2001) states that unsuitable temperature is a factor that limits salmon and lamprey production in the Touchet, Walla Walla, and Mill Creek sub-basins.  While studies (Hallock, D. and Ehinger, W., 1999 Mendel et al., 1999) have evaluated temperature to some degree in the Walla Walla sub-basin more detailed and extensive work is needed.  The 2001 draft report on the Walla Walla sub-basin prepared for NWPPC states: 

“Scientific investigation and characterization is needed to identify the location and effect of ground water input, tributary input, cold water habitat, and temperature profiles as they relate to cold-water refugia. These efforts will allow managers to target areas in need of mitigation and/or protection under state authority. The most effective methodology to rapidly produce this data over large geographical expanses is the Forward Looking Infrared Radiometry (FLIR) technology.”

By performing this FLIR analysis we can address the needs identified in this report and provide the data needed to focus restoration resources where they are needed. This will allow for a maximization of return for restoration investments. The FLIR data will also be a key factor in the preparation of Ecology’s Water Quality Restoration Plans (TMDLs) which will bring additional restoration resources to the basin.

d. Relationships to other projects 
The use of FLIR data to identify stream sections where elevated temperatures may affect fish populations will allow resources to be focused on the areas of greatest concern.  FLIR will also allow the identification of natural processes that are mitigating the effects of anthropogenic heating.  This will allow for the project to be concentrated on the areas of greatest concern thereby increasing the efficiency and effectiveness of restoration work while decreasing the cost of restoration activities.

The data collected as a result of this effort will be highly valuable and available to BPA and other governmental organizations as background for future evaluations and work projects.

e. Project history (for ongoing projects) 

N/A

f. Proposal objectives, tasks and methods
Major tributary and mainstem reaches will be “flown” (i.e. have FLIR data collected) during the summer 2002. Collected data will be used to generate a longitudinal heating profile that depicts thermal effects of tributaries, identifies cool water thermal refugia and source (heating) areas.  Absolute maximum summertime stream temperatures vary by several degrees annually. However, the longitudinal temperature patterns of heating and cooling remain relatively fixed spatially. Simply stated, an area of cool thermal refugia will likely persist year after year (barring significant landscape or channel changes). Further, source areas are likely areas of heating year after year. Forward looking infrared radiometer (FLIR) thermal imagery coupled with color videography and geographic positioning systems (GPS) produces spatially continuous temperature imagery.

FLIR and color video images are collected with instruments mounted on 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 spatial resolution of less than 1 meter and 0.5(C accuracy. 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. Groundwater interactions with the stream column also register distinctly in the FLIR data imagery. The data is scientifically analyzed and processed by a contractor and provided as ARC/Info point coverages showing the exact location of individual FLIR images.  These point coverages will be used to provide data more rapidly and completely for analytical temperature models used in the development of TMDLs and to guide restoration activities.

There also is an instream component to the FLIR work: for calibration, to obtain other inputs for temperature modeling, and to assess stream condition.  Ground personnel must be employed to place monitors.  In-stream continuous data loggers must be in place during the FLIR flights.  This allows for validation of the FLIR data and provides a temporally continuous data set to complement the spatially continuous data set provided by FLIR.  Ground personnel must also obtain flow measurements at key locations in the watershed to allow the data to be adjusted for flow conditions and as input to an analytical model.  The stream channel conditions, including riparian vegetation, also needs to be assessed and classified using a standard method such as the Rosgen method.  

Ecology tentatively proposes to hire seasonal personnel to aid permanent Ecology personnel in conducting required fieldwork.  This would involve a short but intense training period to ensure reliability of data. Other economical options for additional field personnel are tribal fishery personnel or representatives from other concerned agencies or services in a cooperative agreement. 

Ecology proposes to conduct the FLIR and associated fieldwork for the Walla Walla sub-basin in the summer of 2002.  Additionally, Ecology intends to repeat these procedures in sub-basins in out-years as follows:

· the Yakima sub-basin in the summer of 2003, and

· the Crab Creek, Palouse sub-basin in the summer of 2004.

The choice of sub-basins within the Columbia Plateau to be evaluated in the out years is tentative and will be based on prioritization procedures preformed in the year prior to performance of the work.  Due to the fact that the techniques and procedures will be familiar and the equipment would have already been purchased, the out-year costs would be less than in 2002.  The cost estimation is based on current sub-contractor cost.  If a multi-year grant is approved, the contractor may be willing to set a fix cost for a multi-year contract.  Overall, a multi-year grant at this time is considered to be the most cost affective.

g. Facilities and equipment
Ecology intends to seek bids for the collection and processing of FLIR data.  The contractor will be required to meet the criteria outlined in the previous section (f) above. Once Ecology receives the data it will be processed with ArcView GIS software to produce a GIS coverage with the temperature data.  This coverage can be used to produce overview and detailed maps of the waterbodies in the Walla Walla watershed.  Ecology will also use the data to process an analytical predictive model (HEATSOURCE) to produce load allocations that will point to restoration strategies.  Ecology will also coordinate these strategies with the local landowners to initiate implementation activities. The FLIR coverages are considered to be a key tool in directing modeling and restoration work and serve as a critical aid for developing the detail requisite to affective community outreach.  Ecology will hire summer help to compile the field data.  Ecology is also requesting resources to purchase field equipment to collect this data that can also be used in the future to collect data on waterbodies within the Columbia River Basin.
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