A. Methods of Investigation

The Geomorphic Watershed Assessment Protocols developed by (Keefer et al., 2009) provides the methodological framework for the assessment. However, this interdisciplinary watershed assessment was accomplished through a variety of methods.  Fieldwork encompassed a wide range of activities, from surveys of fish assemblages, to documentation and assessment of channel form and characteristics, to stratigraphic studies. ISWS investigations focused on contemporary channel conditions observed from aerial reconnaissance (i.e., video-recorded helicopter fly-overs) and reach-scale channel assessments based on field observations. ISGS investigations focused on watershed-scale conditions, landscape change, and geomorphic process analysis (i.e., stream power and channel planform assessments). The INHS investigations included review of existing data on biologic communities at the watershed scale and stream sampling for fish communities at the reach scale.
1. Geomorphic Watershed Assessment Protocols

The geomorphic condition assessment for the Tenmile Creek waters was conducted using methods outlined by Keefer et al., (2009).  The geomorphic assessment has two levels of investigation: 1) watershed-scale characterization and 2) reach-scale characterization.  The TCWA includes only the watershed-scale characterization in order to identify potential sites for reach-scale characterization for potential feasibility studies.
The objective of the watershed-scale characterization is to identify opportunities for habitat improvement, stream stabilization, and reducing sediment delivery to the Illinois River. The watershed-scale characterization includes both office and field components and is similar to USACE’s reconnaissance-level studies. In addition to the office and field components, the watershed-scale characterization included helicopter aerial reconnaissance during which GPS-tracked aerial video was acquired to aid rapid determination of channel instability. The office component involves compilation and geographic analysis of existing data, as well as analysis of historical aerial photography to assess the magnitude and mode of channel planform change along trunk streams over time (see Stream Dynamics Assessment below).  Some of the typical data sources used in the watershed-scale characterization are geologic maps, physiography, land use, soil surveys, topographic maps, aerial photos, drainage project plans, bridge surveys, hydrologic and sediment data, and channel surveys. Many of these data are used to characterize watershed physiography by assessing various overlays of geographic data (e.g., channel slope versus soil parent material, hillslope versus soil erodibility).  Also, historical and recent aerial photography are compared to qualitatively identify historical trends in land use or land cover. Through this component of the characterization it is possible to identify: 1) landscape and channel disturbances, 2) land use practices that may contribute to watershed problems, 3) the magnitude and modes of historical channel planform adjustment, and 4) geologic or physiographic controls on channel adjustment.
The field component consists of stream channel surveys throughout the watershed. During the field survey, rapid measures of basic channel geometry were collected and located using a GPS. These data were used to rank channel stability and physical habitat quality using a channel-stability index (CSI), biological/habitat ranking scheme (BHI), and the Qualitative Habitat Evaluation Index (QHEI). CSI, BHI and QHEI rankings were calculated, compiled in a GIS and examined in the context of the physiographic/historical characterization to discern whether channel adjustments or landscape changes are 1) discrete and localized adjustments, or 2) system-wide and possible causes can be identified.
a. Aerial Reconnaissance

Low-altitude, rapid aerial reconnaissance was conducted along 1292.04 miles (2079.18 km) of stream channels in the ILRB including the Tenmile Creek Watershed in spring 2004 as a first phase of watershed and stream assessment efforts. The aerial survey was flown with a helicopter outfitted with a high-resolution, stabilized aerial video camera and Global Positioning System (GPS). Continuous, simultaneous video footage and synchronized GPS locations were obtained along the mainstem channel of Tenmile Creek. Sites that appeared from the air to be unstable, (i.e., active sediment delivery to the stream channel from mass wasting, bank erosion, or bed incision, if detectable) were recorded and GPS coordinates marked. These sites were further inspected during subsequent watershed-scale field investigations and office analyses. Although sediment delivery or channel migration rates cannot be determined from the aerial survey, this rapid reconnaissance approach was used to quickly identify channel and near-channel sediment sources and disturbances that may indicate recent channel or hillslope destabilization. The rapid aerial reconnaissance was used to identify potential problem areas in or near the channel that otherwise may not be recognized for years which helped to focus subsequent field assessments.

b. Existing Datasets

In the office, existing datasets and reports for the region and the watershed were compiled from federal, state, and local agencies, and reviewed to provide context for the TCWA. Most of the existing data are relatively coarse in scale, 1:100,000 or greater, and can be used for only generalized characterization of the watershed.  
c. Channel Stability Index 
The basic field data collection component is a modification of the channel-stability ranking scheme from Kuhnle and Simon (2000).  The channel-stability ranking scheme has two elements:  1) rapid measurement of reach-averaged channel geometry, bed and bank material descriptions, and reach gradient and 2) ranking of channel characteristics into a channel-stability index.  These two elements characterize the relative degree of channel stability between reaches throughout the watershed.  The rapid field measurements are estimated using a laser rangefinder, hand level, gravelometer, and a Unified Soil Classification System card.  The channel-stability index is the sum of nine evenly weighted physical channel characteristics (Simon and Downs, 1995).  In general, sites with a channel-stability index greater than 20 have substantial potential for critical instability and an index of 10 and lower are considered relatively stable (Simon and Downs, 1995).  Sites with an index between 10 and 20 have potential to become unstable (personal communication, Simon, June 2003).  The principal use of the channel-stability index is to determine the relative distribution of the stability rankings between sites to detect possible system-wide channel responses within a watershed context.   The advantage of the CSI is the comparison of results between sampled reaches throughout the channel network. All sites are ranked and mapped using GIS by the channel-stability index and each variable to present their spatial distribution.  In combination with overlays of geographic information compiled in the office component, the mapped indices and variables are used to identify possible system-wide trends in channel character.  If trends are not present, identified instabilities could be assumed to be localized (Simon and Downs, 1995)




d. Physical Habitat Quality Indices

Stream channel habitat quality for the TWCA was assessed using both the biological/habitat ranking index scheme (BHI), and the Qualitative Habitat Evaluation Index (QHEI). Although the QHEI is now the established biological habitat evaluation tool for ILRB watershed assessments, the BHI was also evaluated so that the results of the TCWA can be compared to past watershed assessments where QHEI was not evaluated.
The BHI, biological/physical habitat index, is a modification of  the Rapid Bioassessment Protocols (RBPs) for Use in Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates, and Fish developed for the U.S. Environmental Protection Agency by Barbour et al. (1999; online access at http://www.epa.gov/owow/monitoring/rbp/).  The purpose of these protocols is to provide an option for performing rapid and cost-effective biological assessment techniques and is not intended to replace more robust and place-specific bioassessment studies (Barbour et al., 1999).  Kuhnle and Simon (2000) adapted the RBP physical characterization/water quality field data sheets because it “accounts for those physical characteristics that can directly affect biologic integrity”. Below is a background summary from the RBPs publication:
“The RBPs are essentially a synthesis of existing methods that have been employed by various State Water Resource Agencies (e.g., Ohio Environmental Protection Agency [EPA], Florida Department of Environmental Protection [DEP], Delaware Department of Natural Resources and Environmental Control [DNREC], Massachusetts DEP, Kentucky DEP, and Montana Department of Environmental Quality [DEQ]). Protocols for 3 aquatic assemblages (i.e., periphyton, benthic macroinvertebrates, fish) and habitat assessment are presented. All of these protocols have been tested in streams in various parts of the country. The choice of a particular protocol should depend on the purpose of the bioassessment, the need to document conclusions with confirmational data, and available resources. The original Rapid Bioassessment Protocols were designed as inexpensive screening tools for determining if a stream is supporting or not supporting a designated aquatic life use. The basic information generated from these methods would enhance the coverage of broad geographical assessments, such as State and National 305(b) Water Quality Inventories. However, members of a 1986 benthic Rapid Bioassessment Workgroup and reviewers of this document indicated that the Rapid Bioassessment Protocols can also be applied to other program areas, for example: 

· Characterizing the existence and severity of impairment to the water resource 

· Helping to identify sources and causes of impairment 

· Evaluating the effectiveness of control actions and restoration activities 

· Supporting use attainability studies and cumulative impact assessments 

· Characterizing regional biotic attributes of reference conditions 

Therefore, the scope of this guidance is considered applicable to a wider range of planning and management purposes than originally envisioned, i.e., they may be appropriate for priority setting, point and nonpoint-source evaluations, use attainability analyses, and trend monitoring, as well as initial screening.”
The RBP habitat assessment field data sheets (low- and high-gradient) have 10 equally weighted parameters with a numerical scale from 0-20, where higher the score the more optimal the habitat quality (see http://www.epa.gov/owow/monitoring/rbp/ch05main.html). Kuhnle and Simon (2000) used the low-gradient field sheet and only modified the numerical scale from 0-20 to 0-4 to coincide with the Channel-Stability Ranking Scheme numerical scale.  Except for minor editing of parameter descriptions, all other aspects are the same and scored individually then summed for an overall BHI site score.  One further modification was made to the Kuhnle and Simon (2000) scheme for the TCWA.  The BHI contains two options for one parameter based on channel gradient (sinuousity for low gradient streams or pool-riffle sequence for high gradient streams), which further streamlined the assessment for rapid field work.  The RBP by Barbour et al., (1999) is used as the core guidance document when performing the BHI.
The QHEI is a physical habitat index that provides an evaluation of habitat characteristics that are important to fish communities (Ohio Environmental Protection Agency 2006). The QHEI consist of six principal metrics: 1) substrate, 2) in-stream cover, 3) channel morphology, 4) riparian zone and bank erosion 5) pool/glide and riffle-run quality, and 6) map gradient. Each metric is scored individually and all metrics are summed to provide the total QHEI site score. Table 2 shows the narrative quality rating for ranges of QHEI scores.  The maximum possible QHEI site score is 100. 
Table 2. General narrative ranges assigned to QHEI Scores by the Ohio EPA (2006). Ranges vary slightly in headwater (< 20 sq mi) vs. larger waters.
	Narrative  Rating
	QHEI Range

	
	Headwaters
	Larger Streams

	Excellent
	≥ 70
	≥ 75

	Good
	55 to 69
	60 to 74

	Fair
	43 to 54
	45 to 59

	Poor
	30 to 42
	30 to 44

	Very Poor
	< 30
	< 30


While the habitat quality ratings shown in the table above provide guidelines for assessing stream habitat quality for the TCWA, this quality rating was developed in Ohio by comparing QHEI values with rigorous biological sampling over the range of conditions in that state. It is uncertain whether these ratings would reflect biological integrity and diversity in Illinois streams because they have not been calibrated to the range of physical habitat conditions in Illinois using data from biological surveys.
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�Major discussion of the CEM overemphasis it’s work in the CSI.  It is only 1 of 9 parameters and should sit in the back.





