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A. Abstract  
The research project described herein will develop and test protocols for monitoring trends in fine sediment delivery to important salmonid habitat in the Entiat subbasin. It is widely recognized that excessive concentration of fine sediment in transport or in the streambed can be detrimental to salmonid species and other aquatic organisms. In the Entiat subbasin, as elsewhere in the interior Columbia River basin (ICRB), recovery of ESA-listed salmonid species depends in part on availability of high-quality habitat, and the proportion of fine sediment is an important part of habitat quality. The work proposed herein will develop and test protocols to monitor transport of fines as suspended sediment from the contributing subbasin into the stream segment of concern. This approach is an alternative to more common methods of monitoring substrate fines directly in the streambed. Measurement of in situ bed texture is problematic, primarily because of large, commonly undefined spatial variability in grain size distribution. The USFS, Pacific Northwest Research Station will conduct this study by coupling measurements of suspended sediment concentration (SSC) and turbidity to estimate fine sediment delivery to salmonid habitat. Turbidity threshold sampling (TTS) methodology, under development by the U.S. Forest Service, Pacific Southwest Research Station, will be employed to develop turbidity–SSC relationships. This methodology attempts to sample all significant turbidity events with appropriate intensity and trigger SSC sampling at specified turbidity values. The resulting relationship allows accurate determination of SSC, based on turbidity. This project will be done in close cooperation with ongoing monitoring efforts in the Entiat subbasin funded through the CBFWA program. In addition to developing and testing protocols using an observational approach, this project will generate hypotheses for future projects establishing cause and effect relationships among sediment production rates, ecological subregions, and land use categories that will require more complex sampling designs to resolve.

B. Technical and scientific background and justification
Problem statement and location
Interaction of salmonids and other aquatic biota with the sediment load and substrate in streams has been the subject of a great deal of research and monitoring. It is widely recognized that excessive concentration of fine (most commonly < 1mm-diameter) sediment in transport or in the streambed can be detrimental to certain fish species and benthic organisms at various stages of their life cycle (Gomi et al., 2005; Waters, 1995). Fine sediment is a widespread pollutant that can adversely affect water clarity, spawning and rearing areas, food sources, habitat form and complexity, and channel erosion (Gray, 2003; Gray, et al., 2003; USEPA, 2002). For these reasons, temporal and spatial variability of fine sediment and its relation to land management practices and restoration is an important monitoring parameter.

This research project addresses the problem of monitoring trends in fine sediment quantity in fluvial aquatic habitat. The work proposed herein will develop and test protocols to quantify trends in sediment delivery, rather than the more commonly measured in situ streambed texture, in aquatic habitat that is critical for successful restoration of ESA-listed salmonid species. The project will take place in the Entiat subbasin, including the mainstem and tributary streams. In addition to providing a tested monitoring protocol this project will establish a baseline database that, if added to systematically over a period of years, will provide sufficient data to test statistically for temporal trends in fine sediment delivery to salmonid habitat in the Entiat subbasin. Although rates of sediment delivery to tributaries of the Columbia River differ, it is anticipated that the protocol development and testing done in this project will be generally applicable to other tributary systems within the interior Columbia River basin (ICRB).

Literature review: problem background and alternative approaches
The problem of monitoring trends in fine sediment is commonly addressed by direct sampling of streambed substrates, grain size analysis of the samples, and statistical inference from sample statistics to the population of interest (stream reach or segment substrate). Common methods of direct sampling of stream substrates include bulk sampling with shovels, sampling with McNeil cores, and freeze-core sampling (Bunte and Abt, 2001; Zimmerman et al., 2005). 
Unfortunately monitoring fine sediment concentration in stream substrates is problematic, primarily because spatial variability in streambed grain size distribution is rarely quantified with sufficient precision to isolate temporal trends. Large variability is common, both spatially and temporally, between streams, between reaches within streams, and between locations within the same riffle (Adams and Beschta, 1980; Bunte and Abt, 2001; Church et al., 1987). Adams and Beschta (1980) conclude that, “Even within a given stream, large background variation in streambed composition may prohibit simplistic characterization of bed quality”; and that temporal variation, “may be large enough to obscure the effects of land use”. Furthermore, bulk samples tend to underestimate the fine fraction of the grain size distribution, freeze core samples tend to overestimate the coarse fraction, and McNeil samplers are difficult to use except in fine gravel and shallow water depths. None of these techniques is appropriate for non-wadable streams (Bunte and Abt, 2001; Zimmerman et al., 2005).
As commonly applied, all the techniques mentioned above tend to produce sample quantities smaller that what is required to accurately represent the grain size distribution of the bed, in particular the tails (fine and coarse) of the distribution. Indeed, recent research suggests that the required sediment volume is commonly too large to be practical for many important stream systems. For grain sizes commonly found in rivers such as the Entiat, sample sizes of more than 100 kg to several hundred kg may be necessary (Bunte and Abt, 2001; Church et al., 1987). According the these criteria, protocols in common use for status-trend monitoring of fine sediment, including those in (Hillman, 2004), may produce sample sizes roughly an order of magnitude too small to be representative. A further complication is that destructive sampling precludes resampling a particular point, raising the possibility that existing protocols may be measuring spatial variability, rather than the intended long-term, temporal change in substrate composition. 

Sediment traps, which are commonly mesh containers filled with gravel of known size distribution, are another method employed to measure sedimentation of fines. The primary difficulty with this approach is that sedimentation in the trap may not be representative of processes in the actual stream bed, because infiltration into a gravel substrate depends on flow hydraulics, porosity of the substrate, and grain size of the deposited material (Frostick et al., 1984; Zimmerman and Lapointe, in press) In a study of sediment infiltration, comparing sediment traps to bulk sampling and measurements of hydraulic conductivity, Zimmerman and Lapointe (in press) found that sediment traps overestimate fine sediment infiltration in surrounding substrates. In their study, sedimentation measured in traps did not correlate with either sedimentation in bulk samples or with altered hydraulic conductivity of adjacent substrate. They conclude that infiltration rates in sediment traps cannot be extrapolated to the surrounding stream substrate.

A subbasin-scale monitoring strategy needs to include small, steep, headwater streams in addition to larger, low-gradient, floodplain rivers. This allows consideration of fundamental process differences in transport and deposition of fine sediment in order to link monitoring to realities of the controlling physical processes over the subbasin scale. Although headwater source areas are commonly neglected in many sediment monitoring programs, their contribution to downstream primary fish habitat condition can be critical. In headwater channels the streambed is relatively stable, and the steep gradient maintains high shear stress that is commonly large enough, even during low-flow periods, to maintain fine sediment in transport. Suspended sediment concentration (SSC) will respond to disturbance in headwater catchments, however fine sediment concentration in the substrate is not likely to respond closely to changes in management practices or restoration over short time spans of one to a few years. Furthermore, heroic efforts are commonly required for bulk sampling of fines in these coarse-grained substrates. These conditions contrast with low-gradient, depositional or ‘response’ stream reaches that characteristically have low shear stress zones where fine sediment is deposited on the surface or is incorporated into the substrate (Buffington et al., 2002; Montgomery and Buffington, 1997).

In consideration of the sampling issues presented above, the work proposed herein will develop and test protocols to monitor transport of fines as suspended sediment from the contributing subbasin into the reach of concern. This approach is an alternative to monitoring substrate fines directly in the streambed. Fine sediment is generally transported in suspension in the water column, supported by hydraulic turbulence, and is measured directly as SSC or inferred from a surrogate variable such as turbidity. Suspended sediment is widely believed to be a major contributor to total sediment load in most rivers, although concentrations can vary over several orders of magnitude, and the bedload component is rarely quantified (Richards, 1982; Wohl, 2000). Sources of fine sediment include the surrounding watershed and the streambed and banks where fines settle from the water column and are stored during low flow periods and released during bed scouring events (Hassan et al., 2005).

Changes in background suspended sediment dynamics and load may result from rehabilitation measures or wildland management practices such as roading, timber felling and hauling, burning, or riparian buffer management. These actions can alter sediment supply, streamflow transport capacity, or connection of sediment sources to the channel network (Gomi et al., 2005). Disturbances, such as wildfire (a common occurrence in the Entiat subbasin) can increase SSC several fold (Ewing, 1996; Wondzell and King, 2003). These potential linkages between land use and transport of fine sediment are the impetus behind decades of research into potential causal mechanisms and mitigation strategies. Elevated SSC can degrade the quality of human water supplies and cause direct harm to aquatic biota through damage to fish tissue, reduced feeding capability, habitat degradation, and reduced oxygenation of spawning gravel (Gomi et al., 2005; Waters, 1995). Additional relevant suspended sediment research is reviewed in (Gomi et al., 2005).

The rationale for measuring SSC, rather than the in-situ proportion of fines in the substrate, includes the argument that siltation (fine sediment deposition) cannot occur without delivery of fine sediment, and siltation rate and magnitude are functions of fine sediment delivery rate and other variables. This relationship has been clearly demonstrated for siltation in sediment traps. Zimmerman and Lapointe (in press) found that infiltration in traps was strongly dependent on the presence of suspended sediment in the water column. Infiltration rates during suspended sediment mobilizing flows were one to three orders of magnitude larger than during low flow periods. At three of four study sites, sedimentation in the traps was highly significantly related to suspended sediment load, with R2 values of 0.77 or larger (Zimmerman and Lapointe, in press). Although sediment traps may not be accurately reflect actual siltation within a stream substrate, they are useful for demonstrating this general correlation between SSC and deposition of fines in a gravel matrix.

Furthermore, owing to turbulent mixing in the water column and convective mixing of the streamflow, spatial variation of SSC is relatively low, and the ability to detect change is enhanced compared to distribution of fines in a stream substrate. Indeed, well-established techniques of sampling and quantifying SSC have been shown to be representative and yield accurate results (Gordon, 2000; Lewis, 2003; Thomas and Lewis, 1993; Thomas and Lewis, 1995).
In general most of a watershed’s suspended sediment load is transported during a few, large runoff episodes. Traditionally suspended sediment samples have been collected manually; however anticipating transport events for manual sampling is speculative, labor intensive, and expensive. Manual sampling is, therefore, giving way to automated sampling of both the water-sediment mixture and surrogate variables to quantify SSC and mass (Gray, 2003; Gray, et al., 2003). There is growing recognition that optical sediment surrogates, such as turbidity, have the potential to improve sediment load estimation (Gray, 2003; Gray, et al., 2003; Gray and Glysson, 2003).
Turbidity is an expression of the optical properties of water that cause light rays to be scattered and absorbed rather than transmitted in straight lines. Turbidity of water is caused by the presence of suspended and dissolved inorganic and organic matter. Turbidity can be used as a surrogate to estimate SSC, evaluate the general condition and productivity of an aquatic ecosystem or can simply provide an early warning of watershed degradation (Gray, 2003). Employing turbidity as a surrogate for SSC can greatly reduce the need for continuous suspended sediment sampling, thereby markedly reducing monitoring cost (Lewis, 2003; Lewis and Eads, 2001). It is well-known that turbidity is strongly influenced by particle size, among other factors. However, unless source areas change very rapidly, i.e. within runoff events, the event-wise calibrations of turbidity to SSC are likely to be adequate for reliably estimating sediment loads (Lewis, 2003).

State of the art research conducted by the U.S. Forest Service, Pacific Southwest Research Station is investigating turbidity – SSC relationships and measurement techniques (Lewis, 2003). The turbidity threshold sampling (TTS) method attempts to sample all significant turbidity events with appropriate intensity and trigger SSC sampling at specified turbidity values. The resulting relationship allows accurate determination of SSC, based on turbidity. (Lewis, 1996; Lewis, 2003) find that turbidity is superior to discharge as a surrogate for estimating SSC, and that a single linear or log-log regression estimates the relationship well, with low variance in most cases. This is the case despite variability of turbidity with grain size of entrained sediment. Turbidity is also useful as an indicator for triggering automated suspended samplers, thereby reducing the number of sediment samples required, relative to systematic, fixed-interval sampling. The TTS methodology ensures that all significant turbidity events are sampled and SSC is sampled over a wide range of values. Reliable estimates of SSC time series can thereby be developed. The TTS method should work well in any stream where a pumping sampler can collect samples that are representative or can be reliably adjusted to cross-sectional mean SSC (Lewis, 2003).
This project will employ an “observational” study design (Rosenbaum, 1995), which will serve to test protocols and estimate delivery of fine sediment to low-gradient reaches with high-quality salmonid habitat. This project will generate hypotheses related to correlations among sediment production rates, ecological subregions, and land use categories that will require more intensive, systematic random sampling designs to resolve in future studies.
C. Rationale and significance to regional programs

Relation to goals and objectives of the 2000 Fish and Wildlife Program (FWP)

The 1980 Pacific Northwest Electric Power Planning and Conservation Act authorizes creation of the Northwest Power and Conservation Council (NWPCC). The Act charges NWPCC with developing a fish and wildlife program to protect, mitigate, and enhance fish and wildlife impacted by hydroelectric development in the Columbia River Basin and with making annual recommendations to the Bonneville Power Administration (BPA) for funding fish and wildlife projects. BPA funds implementation of this program through the Columbia Basin Fish and Wildlife Authority (CBFWA), an organization composed of fish and wildlife agencies and tribal governments formed to review, coordinate, and track efforts to protect and enhance fish and wildlife resources of the Columbia River Basin, including obligations required under the Endangered Species Act (ESA). To help meet ESA obligations, the CBFWA program collaborated with other federal agencies to develop the subbasin planning process to describe objectives and strategies for fish and wildlife protection and restoration in more than 50 tributary subbasins. These recently completed plans identify and prioritize actions needed to recover ESA-listed salmonids in tributary habitats and guide expenditure of BPA funds on these actions (CCCD, 2004; NPCC, 2004).

Every year CBFWA provides guidance and recommendations on hundreds of millions of dollars of BPA funds, which are expended to mitigate the impact of hydropower on fish and wildlife. Monitoring the success of the CBFWA program is important to tribal groups, various federal, state, and local agencies, and the public at large. Monitoring may indeed be critical to ensure continued support for funding of these efforts. The BPA-funded, Integrated Status and Effectiveness Monitoring Program (ISEMP) is implementing and integrating existing and new status and trend and effectiveness monitoring in the Columbia River basin. This program is sponsored and coordinated by NOAA-Fisheries, and is necessary to implement the 2000 NOAA, Federal Columbia River Power System Biological Opinion (BiOp), which calls for a Research, Monitoring, and Evaluation (RME) Plan to provide information needed for assessment of ESA-listed salmonid populations. ISEMP is following protocols specified in Hillman (2004), and is coordinated through the Upper Columbia Regional Technical Team. One of the ISEMP responsibilities is to examine scientific uncertainties of employed monitoring methodologies (Ward, 2005). 
The Pacific Northwest Aquatic Monitoring Partnership (PNAMP), a consortium of entities with a common interest in coordination of monitoring was recently established to form coordinated, standardized, and programmatic approaches to monitoring in the Columbia Basin. Through PNAMP, NWPCC and BPA are working to implement the CBFWA program within a regional network of monitoring programs. A component of the PNAMP strategy is to recommend establishment of a regional network of Intensively Monitored Watersheds (IMW) to evaluate the effectiveness of restoration projects, programs, and policies. The intent is to monitor and evaluate “cause and effect” relationships between land management, including habitat restoration, and response in fish populations and watershed conditions. PNAMP encourages a coordinated, systematic, and scientific approach to this goal focusing on the watershed scale (PNAMP, 2004; PNAMP, 2005).

Relation to the objectives identified in the subbasin plan 
The Entiat Watershed Planning Unit (EWPU), in the Entiat WRIA 46 Management Plan, states broad goals, including the following among others (CCCD, 2004, p. 1-5):

· Optimize water quantity and quality to achieve balanced benefits to natural resources and human use.

· Avoid human-caused mortality of threatened, endangered, and candidate species.

· Have existing and future habitats contribute to the recovery of listed species and provide sustainable populations of fishes and other aquatic resources.

The Entiat Subbasin Plan states the following biological objective(s): decrease (or maintain) sediment loads to 12% fines (0.85 mm) in spawning gravels by 2020 (NPCC, 2004, p. 191, 196).

Monitoring fine sediment is necessary to fully track progress in each of these goals. Clearly fine sediment is a component of water quality. In high concentration fine sediment can be detrimental and even cause mortality of threatened, endangered, and candidate salmonid species. Maintaining the proportion of fine sediment within appropriate limits provides a component of aquatic habitat that contributes to recovery and sustainable populations of ESA-listed species. Work proposed herein will provide tested protocols for monitoring status and trends in fine sediment quantities delivered to important salmonid habitat.
The EWPU places a strong emphasis on monitoring in its recommendations, including the suggestion that the Chelan County Conservation District pursue funding to support monitoring (CCCD, 2004, p. 9-3). Specific recommendations include continuation of fine sediment monitoring under current protocols and pursuing improvements to this monitoring (p. 9-13) (also see NPCC, 2004, p. 193). Recommendations include pursuing studies of the sediment budget and sediment transport to improve understanding of these processes (p. 9-15). The EWPU (p. 9-9 / 9-10) recommends continued funding for monitoring at all existing stream gauges, and it directly recommends reactivation of data collection within the Entiat Experimental Forest (EEF) (p. 9-10). The EEF will be a focus area of sampling for the study proposed herein, in cooperation with ongoing related research discussed in Section D below (Woodsmith et al., 2004; Woodsmith, in press).
The EWPU recommends continuation of the current WDOE water quality monitoring, including suspended sediment and turbidity measurements and pursuing improvements to this monitoring (CCCD, 2004, p. 9-9). Sampling for analysis of SSC and turbidity have been conducted for only one location in the Entiat River (the USGS, “Keystone” gauging station at Entiat River mile 1.5) as part of the Washington State Department of Ecology (WDOE), ambient water quality monitoring program since 1959. These data will be utilized to the extent possible to compliment data collected much more broadly, throughout the Entiat subbasin, as part of this project. The work proposed herein will greatly expand sampling throughout the Entiat subbasin and systematically link SSC with turbidity measurements.
Monitoring of sediment will clearly be required to document progress toward other Subbasin Plan recommendations such as assuring compliance with the Clean Water Act and the Salmon Recovery Act, protection and restoration of fish habitat sufficient to assure adequate habitat for salmonid recovery under ESA, and road rehabilitation, a watershed restoration priority.

D. Relationships to other projects

Links to other relevant programs and projects in the Columbia Basin 
The work proposed herein will compliment ongoing monitoring efforts in the Entiat subbasin and elsewhere in the upper Columbia River basin (Jordan, 2003; PNAMP, 2005). The proposed work will compliment the ISEMP and IMW programs discussed in Section C above by developing and testing protocols for monitoring success of habitat restoration programs designed to reduce fine sediment within aquatic habitat in the Entiat subbasin. Results will be applicable to both status/trend and effectiveness monitoring programs. The Entiat subbasin is under consideration as one location for the PNAMP, IMW program (Ward, 2005). Its selection would create opportunities to take advantage of current and former fisheries and watershed condition related data collection and research (CCCD, 2004), including studies in the Entiat Experimental Forest (EEF) (Woodsmith, 2004; Woodsmith, in press).
Relationship to other work addressed in the Entiat Subbasin Plan:

This project will complement ongoing McNeil-core sampling of Entiat River substrate in low-gradient response reaches conducted by the USFS, employing protocols in Hillman (2004). Although similar fine sediment monitoring protocols have been in widespread use for decades, it is advisable to continuously test, compare, and update monitoring protocols with other approaches in an adaptive sense. The ongoing USFS program has collected over 10 years of valuable data, which helps to characterize the status of fine sediment concentration (CCCD, 2004, p. 7-6 / 7-8). A scientific uncertainty of this program is its utility for monitoring trends in a statistically defensible manner. This uncertainly is associated primarily with the undefined spatial variability of the grain size distribution of the Entiat River substrate, as discussed in Section B above. The project proposed herein will address this scientific uncertainty and build upon the ongoing work by developing and testing protocols to quantify and statistically verify trends in fine sediment delivery to salmonid habitat in the Entiat subbasin. This work will also provide an opportunity to compare the current in-situ bed sampling to a state of the art, non destructive approach that addresses variation in fine sediment supply, rather than sediment infiltration.
EEF research, a joint effort among the USFS, PNW Research Station, Oregon State University, and other cooperators is investigating fundamental catchment hydrology and the hydrologic response to and recovery from disturbance. Beginning in 2003, following nearly 30 years of inactivity, the EEF was reequipped with hydrological and meteorological instrumentation to begin a renewed effort to quantify hydrologic response to disturbance, including wildfire and post-fire rehabilitation. Areas of investigation include modeling of fundamental hydrologic processes and rates, detection and quantification of disturbance-related hydrologic change and recovery from change, and hydrologic response to forest structure rehabilitation, including thinning of post-fire stands (Woodsmith et al., 2004; Woodsmith, in press). The present proposal to quantify status and trends in SSC and turbidity is an opportunity to coordinate the EEF research effort with information needs of the PNAMP program. Funding requested in this proposal will provide the necessary instrumentation for three headwater tributary sampling sites at or near the EEF. Existing stream gauges and meteorological stations on these tributary catchments will contribute significant in-kind support to the effort described in this proposal.
In 2002 WDOE and Chelan County Conservation District installed several stream gauges on Entiat River tributaries and the mainstem. These gauges monitor discharge and water temperature and are very important to various aspects of monitoring in the subbasin (CCCD, 2004, p. 4-6; Woodsmith et al., 2004; Woodsmith, in press). The present proposal would target these gauging sites as high priority for sampling SSC and turbidity. This consolidation of resources would be mutually beneficial for both monitoring efforts. 
Recent and ongoing habitat restoration in the Entiat subbasin includes construction of in-stream structures, including large wood debris structures, revegetation, and reconnection of off-channel habitats in the lower and middle Entiat River. The EWPU recommends monitoring the success of these rehabilitation actions (CCCD, 2004, p. 9-11). This requires that background trends in habitat quality be quantified in order to isolate change associated with restoration activities. This project will address the information need by developing and testing protocols for quantifying trends in fine sediment delivery. 
E. Project history (for ongoing projects) 

This proposal is for a new project.
F. Proposal biological objectives, work elements, and methods
Biological objective - Sediment
The Entiat Subbasin Plan states a goal to decrease or maintain sediment loads to less than 12% fines (0.85 mm) in spawning gravels throughout the Assessment Unit by 2020 (NPCC, 2004, p. 191, 196). This project will contribute to this objective by developing and testing the efficiency and accuracy of coordinated measurement of SSC and turbidity as a tool for status and trend monitoring of fine sediment delivery from headwater streams to the Entiat River.
Rationale
Status and trend monitoring of fish habitat restoration actions requires that background changes in monitoring metrics either be controlled or measured in order to isolate effects of restoration actions of interest. However, fine sediment monitoring protocols commonly include only a measure of the proportion of fines sampled in the bed of larger, valley bottom rivers. Such an approach does not account for changes in background sediment delivery that can mask effects of mainstem river restoration. This project will test a program of status and trend monitoring of the magnitude and variability of fine sediment delivery in the Entiat subbasin. The intent of this type of monitoring is to describe existing conditions and document changes in conditions over time (Hillman, 2004). This work will produce protocols that allow management agencies and other interested parties to monitor trends in fine sediment delivery to important salmonid habitat in the ICRB.
Work element 1 – site selection

Sample sites will be selected in a manner consistent with most stream gauging programs, including ongoing gauging within the Entiat subbasin. Rather than sampling randomly throughout the subbasin, measurements of discharge, SSC, and turbidity will be made at a point near tributary catchment outlets. Therefore, measurements will integrate processes and process rates occurring within the upstream catchment area. This objective requires only sampling over a range of tributary sizes to test efficiency and accuracy of this monitoring approach. Nevertheless, site selection will maximize future opportunities for more detailed monitoring that could examine cause and effect relationships between specific restoration measures and fine sediment delivery rates, stratified by ecological subregion and land use category. 
Method

Sampling sites will be selected to represent end members and the most prevalent land use categories and ecological subregions (Hessburg et al., 2000) of contributing catchments in the Entiat subbasin. Selecting sample sites that isolate ecological subregions and land use categories where possible will facilitate stratification of the subbasin for the purpose of computing component and overall sediment production rates. Approximately 8-10 sampling sites will be required to adequately test feasibility of this approach to monitoring fine sediment delivery. This number of sites will also be sufficient to guide hypothesis development for future, more detailed studies of the role of ecological subregions and land use categories in the generation of fine sediment.
Subregion designation is based largely on climatic regime and geologic and geomorphic process and substrate, and subregion designation has been correlated with variation in disturbance pattern within the eastern Washington Cascade Range (Hessburg et al., 2004). Sampling of the significant subregions within the Entiat subbasin will therefore be important to ensure representation of important physical processes and rates that produce fine sediment. This will provide geologic and climatic contexts for watershed condition evaluation.
Land use in monitored catchments will be characterized in terms of percent area disturbed by various management practices, such as roading and timber harvesting as well as background disturbances such as wildfire. These data will be derived from analysis of U.S. Forest Service GIS layers, aerial photography, and other remote sensing imagery. The purpose of characterizing land use and other disturbance at this stage of monitoring protocol development is not to pursue rigorous analysis of variation in sediment load with disturbance type. Rather, the purpose is to ensure that protocols are tested over a wide range of disturbance categories, and that site selection maximizes opportunity to isolate effects of land use categories. For example, sampling nearly-pristine headwater streams will provide a measure of background status and variation for comparison with heavily-managed catchments.
Sites of ongoing stream gauging will be utilized wherever possible. Active gauging is being conducted by the U.S. Geological Survey, Washington State Department of Ecology/Chelan County Conservation District, and the U.S. Forest Service, PNW Research Station/Oregon State University. This approach is consistent with guidelines in Hillman (2004) for status/trend monitoring of turbidity in that fine sediment will be measured at or near long-term water quality monitoring sites, gauging by other agencies can be directly utilized, and a single instrumentation site will be established at the downstream end of the segment of interest.

Sampling will require substantial equipment installation, remote data collection via electronic sensors and data loggers, and frequent sample collection and maintenance during high runoff periods. Accessibility will therefore be an important factor in site selection, possibly forcing compromises in gauging site location. Nevertheless, once gauging stations are established there is no further need to transport cumbersome equipment such as that needed for core sampling, which can force remote sample sites to be skipped (Hillman, 2004).
Site selection will be developed in close consultation with the IMW program to maximize compatibility with that effort and other strategies for the upper Columbia basin (Hillman, 2004). 
Duration
Classification by ecological subregion and land use category for sample site selection, as well as equipment acquisition and testing, would begin immediately following availability of funds, e.g. November 2006. Gauging station establishment and deployment of instrumentation would then begin in May 2007.

Work element 2 – Instrumentation deployment and testing:

Existing stream gauging stations will be utilized wherever possible. At other sites, stream gauging stations will be established employing semi-portable flumes, weirs, or open-channel flow instrumentation as appropriate for the stream size. Gauging stations will be instrumented with stage height recorders and sensors to measure water temperature and turbidity, all recording to data loggers. Suspended sediment samples will be collected using portable, automated samplers, allowing quantification of turbidity-suspended sediment relationships.
Meteorological stations will be established near each monitoring site to characterize climatic events that trigger sediment transport.  Measurements will include precipitation, temperature, humidity, barometric pressure, and wind speed. This will also document the range of climatic events during testing of monitoring methodology.

Duration

Gauging, sampling, and meteorological stations would be installed between May and July 2007.

Work element 3 – data collection:

Method

SSC samples will be drawn from a point in the streamflow where the water-sediment mixture is thoroughly mixed and uniform. All large discharge events will be sampled. This is far more comprehensive that the single annual sampling protocol suggested in (Hillman, 2004) for status/trend monitoring of fine sediment in the upper Columbia River basin. Analysis of samples to determine SSC will follow the protocols in ASTM Method D 3977-97 (ASTM, 1999). This methodology employs wet filtration of samples and drying and weighing the separated inorganic component to determine SSC. This is the USGS standard protocol and found to yield accurate estimates of SSC, in contrast to biased estimates derived from total suspended solids (TSS) methodologies, also in common use (Gordon, 2000).

Turbidity will be measured, thresholds will be established for triggering SSC sampling, and turbidity-suspended sediment relationships will be quantified following the methodology of (Lewis, 2003; Lewis and Eads, 2001). This includes programming data loggers to initiate SSC sampling at threshold values of turbidity. Frequency and interval of turbidity sampling and instrument specifications suggested in (Hillman, 2004) will be treated as minimum requirements.  

QA/QC

All instrumentation will be maintained and calibrated according to the manufacturer’s specifications. Accuracy of SSC and turbidity measurements will be checked against manual grab samples and calibrated portable instrument measurements respectively, using instrumentation that meets or exceeds specifications suggested in (Hillman, 2004). QA/QC sampling will be done at each gauging station a minimum of three times annually: near peak snowmelt discharge, near the end of the high snowmelt period, and during the lowest flow period in late summer or early fall.

Duration

Data collection and analysis would begin in August 2007 and continue for the duration of this proposal and possibly longer.
Work element 4 – data analysis:

Method

Efficiency and accuracy of this monitoring approach will initially be assessed by comparing time series of SSC, turbidity, and discharge in order to qualitatively determine consistency among them and that they represent reasonable values compared to data from similar streams. Consistency with QA/QC manual sampling will be assessed.
Although the duration of funding for this new project will be too short to confirm or reject the existence of trends in delivery of fines to the Entiat River, baseline data will provide a foundation for a long-term monitoring program. Statistical power analyses will be employed to estimate the period of record required to quantitatively establish trends in SSC and turbidity. In general, power is the probability of correctly rejecting the null hypothesis in statistical inference (Zar, 1984). Power is determined by sample size, the significance criterion of the test (α), and effect size, which is the magnitude of the effect under the alternate hypothesis (Borenstein et al., 1997). In trend analysis, power is the probability of detecting a trend if the trend is actually occurring, and effect size is the magnitude of the trend to be detected (Gibbs et al., 1998).
A statistically significant regression model of SSC or turbidity on discharge will indicate a quantifiable temporal trend, and a significant difference in rate of change among subregions or categories of land use could indicate a related effect, although a cause-and-effect relationship would not necessarily be established. Commonly used procedures of statistical testing for differences in regression models (Neter et al., 1983) will be applied in this manner to test for different trends among catchments, subregions, and land use categories. Common assumptions for regression analysis will be tested and outliers will be identified using procedures recommended in Wilkinson et al. (1996). Transformations will be done as necessary to meet these assumptions.
The program, MONITOR (Gibbs, 1995) will be employed to estimate the duration and intensity of monitoring required to detect a trend in SSC or turbidity. This program models surveys by using Monte Carlo simulations, then generates occurrence by using regression analyses (Gibbs and Melvin, 1997). Risks associated with erroneously either rejecting or accepting the null hypothesis will be balanced through selection of appropriate α levels (Borenstein et al., 1997; Zar, 1984). When power is set at 90%, α will be set at 0.10. Similarly, when power is set at 80%, α will be set at 0.20. Results of these power analyses will be regarded as estimates, to be revised as the database develops.
An outcome of these data analyses will be an assessment of results to generate hypotheses to guide more detailed studies of relationships linking watershed condition to fine sediment delivery. Preliminary indications of relationships between ecological subregions, land use categories, and sediment delivery will suggest studies to quantify these relationships, thereby informing future restoration planning and guiding protocol development for cause and effect monitoring of restoration actions.

Duration

Following data collection in FY-07 through early FY-09, final data analyses will begin in January 2009 with completion scheduled for April 2009, allowing the remainder of FY-09 and additional time in FY-2010 to be dedicated to manuscript preparation.
Work element 5 – report preparation

Results will be reported in progress reports, presentations at professional and client meetings, and refereed publications, including peer-review journals. Professional meetings may include workshops, meetings of interested parties, such as subbasin planning units, or meetings of professional, scientific societies. These presentations are intended to convey the context of the work in terms of its application to salmon recovery efforts in the ICRB, actual analyses and results, and recommendations for further studies to continue clarification of scientific uncertainties associated with monitoring of status, trends, and effectiveness of recovery actions. Metadata will be stored and made available on a USFS, PNW website. Data will be made available on this website following peer-review publication and agency QA/QC approval. Long-term data storage will be in USFS, PNW and other databanks as appropriate. 
G. Facilities and equipment
The USFS, Pacific Northwest Research Station, Wenatchee Washington (PNW) will be the principal entity conducting this study. Laboratory and office space and equipment (including computers) and field equipment (including vehicles) will be of the same quality and standards as that commonly utilized by PNW personnel. Rigorous PNW safety standards will be followed.
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