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Senachwine Creek Watershed Assessment

Illinois River Basin Restoration (Section 519 WRDA 2000)

Western Marshall and Northeastern Peoria Counties, State of Illinois

Congressional District: 18

I.  STUDY AUTHORITY

A. Authority, Section 519
Authority for this study comes from Section 519, Water Resources Development Act of 2000. The primary purpose of this program is for planning, conservation, evaluation and construction of measures for fish and wildlife habitat conservation and rehabilitation, and stabilization and enhancement of land and water resources in the Illinois River Basin (ILRB).

B. Proposed Sponsors
Proposed sponsors include the United States Army Corps of Engineers (COE) Rock Island District serves as the federal sponsor while the State of Illinois serves as the local sponsor. The Illinois Department of Natural Resources (IDNR) serves as the primary coordinator and facilitator for the local sponsor.

II. STUDY FRAMEWORK AND PURPOSE
The purpose of this Senachwine Creek watershed Assessment (SCWA) is to document the past and current conditions of the watershed to identify potential restoration needs and locations. Both currently available and newly acquired data were analyzed. Assessment data are being used specifically to understand past and current watershed conditions and generally document previously installed conservation practices. The SCWA was also prepared to help locate, characterize, and prioritize potential conservation and restoration practices. Information provided in the SCWA will eventually be used to guide project considerations including siting  of feasibility study projects, and design and construction of multi-objective restoration projects. The projects will be selected to reduce erosion, restore habitat, and protect overall ecosystem health in order to meet goals and objectives of the Illinois River Basin Comprehensive Plan (USACE, 2007). The objectives are to 1) implement projects that will produce independent, “immediate,” and sustainable restoration; 2) implement projects that address several goals and have systemic impacts; 3) evaluate alternatives which will address common system problems; and 4) utilize adaptive management concepts in project implementation while being responsive to long-term management and maintenance needs (USACE, 2007).
The Assessment provides scientific guidance to the planning process and is essential for determining whether and where the more detailed reconnaissance phase studies should begin. Those decisions will be based on a preliminary appraisal of Federal interest, estimated costs, potential benefits, and possible environmental impacts of various alternatives. This assessment also matches potential projects with the appropriate Federal agencies for further evaluation and/or implementation.

A framework to assess areas and select potential targets for critical restoration is required to efficiently and effectively implement a comprehensive plan for restoring ecosystem functions in the Illinois River Basin (White et al., 2005a). Watersheds within the ILRB were prioritized for assessment of ecosystem restoration potential using criteria developed and applied by the IDNR-USACE System Team, with input from Regional Teams and other study committees (Table 1, USACE; White, et al., 2005a). Assessment protocols were used to rapidly identify and describe significant erosion problem areas within the Illinois River Basin since erosion and sedimentation were identified as two of the most important problems in the Integrated Management Plan (State of Illinois 1997) and the Comprehensive Plan (USACE 2007). Sediment delivery and biological conditions were major criteria, but other criteria were also used to select initial assessment areas from broad areas of interest within the entire basin (White et al., 2005a). These criteria include:

· 
· Location in the basin (primarily sub-basins, watersheds, and sub-watersheds draining directly into Peoria Pool and areas upstream and then Alton and LaGrange Pools)
· Sediment budget information for the Basin (begin assessments in watersheds that have the most potential to value sediment delivery to the Illinois River)
· Potential to reduce sediment delivery to the Illinois River,
· Increase base flows and/or decrease peak flows
· Threats to ecological quality or system integrity (population and rate of population change, rate of change in impervious surface, water quality impairment, etc…)
· Biologically significant areas and ecosystem partnership concerns (Biologically Significant Streams, Resource Rich Areas, regionally significant species and areas, etc…)  
· Potential to improve, protect, and expand habitat for regionally significant species, patch size and spacing

· Potential to be self sustaining
· Level of local, state, and federal support, including recommendations from agencies, non-government organizations, the Illinois River Basin Ecosystem Restoration Project Regional Teams, Conservation 2000 Ecosystem Partnerships (now called Partners in Conservation), regional planning commissions, watershed planning and technical advisory groups, and other local coordination groups 
· Economic limitations and opportunities

Senachwine Creek was one of several watersheds, all direct tributaries to the Peoria Pool, given highest priority and recommended for reconnaissance-level watershed assessment because of the criteria listed above and similarly outlined in Table 1. It was also necessary to develop additional criteria for targeting and prioritizing potential individual restoration sites within each of the watersheds. These additional criteria are similar to criteria used to select the initial list of watersheds for assessment but are more specific to individual project concerns (White, et al., 2005a). The recommended criteria for selecting individual project sites include but are not limited to:

· Sediment contributions from the watershed and particularly from the site in question
· Availability of a watershed plan and progress with planning and implementation
· Landowner willingness to participate
· Availability of access
· Future potential damages if a project is not implemented
· Federal, state, and local ability to improve the area
· Economic opportunities or limitations influencing success

III.  LOCATION OF PROJECT
A. Location of Project
Senachwine Creek watershed is located in the middle sub-basin of the ILRB, and within western Marshall County and northeastern Peoria County (Figure 1). The watershed is 58,185 acres in size 
(90.9 square miles; Natural Resources Conservation Service, 2002) and drains directly into Upper Peoria Lake in the Peoria Pool, one of the largest riverine lakes on the Illinois River. The watershed is comprised of three hydrologic units, as defined by the codes 071300011401, 071300011402, and 071300011403 (Natural Resources Conservation Service, 2002). Senachwine Creek originates near Camp Grove then flows for approximately 29 miles to its confluence with the Illinois River near Chillicothe. Henry Creek, Hallock Creek, Gilfillan Creek, Deer Creek, and Little Senachwine Creek are its larger tributaries.
B. Study Area Congressional District
The study area is located in the State of Illinois 18th Congressional District, which is represented by Congressman Ray LaHood.  

IV. PRIOR STUDIES, REPORTS, AND EXISTING PROJECTS IN THE SENACHWINE CREEK WATERSHED
Prior studies, reports, existing documents, and other activities pertinent to this study are discussed briefly in this section. Planning and implementation of erosion control and water management projects have occurred in the past in the Senachwine Creek watershed. 

A. Assessment Goals
Senachwine Creek is in the Illinois River Bluffs Ecosystem Partnership Area, of which a portion has been designated as the Peoria Wilds Resource Rich Area (Fig. 2; IDNR, 1998a-d, Suloway, 1996). These areas were identified under the Critical Trends Assessment Program (CTAP) and the Ecosystems Program of the Illinois Department of Natural Resources (IDNR). Regional analyses of the  Partnership Areas using existing statewide data were completed in the 1990s. The goal of the assessments was to provide baseline data in order to help set priorities and develop management plans. The reports for the Illinois River Bluffs  Ecosystem Partnership comprise four volumes covering area geology (IDNR, 1998a); water resources (IDNR, 1998b); living resources (IDNR, 1998c); and the socio-economic profile, environmental quality, and archaeological resources (IDNR 1998d). Although the CTAP assessments were comprehensive, the scale of the existing data was too coarse for adequate assessment of past and current conditions of the watershed and fluvial systems for the purpose of suggesting project implementation priorities. 

The SCWA is part of a long-term project to provide watershed-specific information at scales more appropriate for ecosystem restoration recommendations than the CTAP and other previous assessments provided. This study also addresses some of the directives of the Integrated Management Plan for the Illinois River Watershed (State of Illinois, 1997), including generating site-specific data to understand the causes of tributary stream instability and evaluating public lands for wetland and surface water restoration. Finally, this study partly fulfills 4 of the 5 goals of watershed assessment recommended by Holtrop et al. (2004). These are:

· identify defining physical limits of the watershed 
· document past and current conditions in the watershed
· identify practices and processes impacting the watershed
· recommend restoration projects based on identified cause-effect relationships

This study does not include a reference watershed in its scope as recommended by Holtrop et al. (2004). 

Various intrinsic (land use, land cover, geology) and extrinsic (climate change) forcings have caused disturbances in stream systems throughout the ILRB (IDNR 1998b). For example, rapid conversion of native prairie to agriculture in the past marked extreme changes in land use and water use on the landscape that may have triggered erosional and depositional cycles that remain detrimental to native habitats, soils, and property. To mitigate disturbances to the landscape and stream systems, traditional water management and erosion control projects (e.g., grassed waterways, terraces, ponds, Water and Sediment Control Basins [WASCOBs], etc.) have been implemented outside of the channel in the Senachwine Creek watershed. These beyond-channel projects may alter water and sediment loadings to the Senachwine Creek mainstem and in the immediate aftermath of construction can have either positive or negative effects. For example, sediment detention in upland areas, without planning for compensation of flow regime changes or channel slope adjustments, can result in channel migration and/or channel incision which would induce channel erosion with channel morphology changes (White et al., 2007. In Review). By contrast, coordinated implementation of beyond-channel with in-channel BMPs should result in reduced peak discharge, increased base flow, and a more balanced sediment regime. 

Therefore, the SCWA aims to draw on lessons of past BMP implementation to guide future projects. Further, a central focus of the recommended treatments will be coordinating upland and in-channel projects intended to enhance the ecological system by naturalizing or optimizing hydrologic, hydraulic, and sediment regimes. The treatments could focus on channel bed grade control, streambank stabilization, hydrologic and hydraulic optimization, wetland and riparian habitat restoration, or combinations of these. Potential projects include riffle-pool structures for multiple benefits such as channel bed control and oxygenation of water, Lunker structures for bank protection and fish habitat, bioengineering for bank stabilization and native plant diversity, improvement of stream connectivity for fish passage, improvement of riparian connectivity for nutrient filtering and terrestrial habitat, or channel remeandering to reconnect channel-floodplain systems for naturalizing hydraulic and sediment conditions and habitat enhancement. 
Potential to improve, protect and expand habitat for regionally significant species, patch size and spacing will also be important and, as with stream and riparian management, will be outlined and pursued as opportunities arise.  More details on the biological conditions and possibilities (i.e. forest management) will be discussed later in this study document.
The reports from these initiatives included descriptions of previous planning and implementation efforts and are described in sections 4b, 4c, and 4d below. Although the locally guided committee became inactive after these projects were completed, it is now being re-established as a result of this SCWA effort (Josh Joseph, Personal Communication, 2006).

B. Draft Preliminary Investigation Report: Senachwine Creek Watershed, Peoria and Marshall Counties, Illinois
In 1986 a group of landowners concerned with erosion control who lived in the Senachwine Creek watershed established the Senachwine Creek Resource Planning Committee with direction from the Soil and Water Conservation Districts in Peoria and Marshall Counties (Miller et al., 1997). Public meetings were held in each county to inform the watershed residents and interested parties, and to give them opportunity to voice their concerns and interest (SCS, 1990). A local Technical Advisory Committee was established then as well. This grass roots collaboration led to the establishment of the Senachwine Creek Watershed Committee (SCWC) and provided the impetus for preparing a preliminary investigation report which presented the results of data collected by the United States Department of Agriculture Natural Resources Conservations Service (USDA/NRCS, then USDA/Soil Conservation Service [SCS]) for the Senachwine Creek watershed to determine the feasibility of a Public Law 83-566 Watershed Protection and Flood Protection Act project (SCS, 1990).   

Erosion and sediment damages were the primary concern of the Resource Planning Committee. In 1986, resource concerns were identified in a public meeting: 21 addressed watershed erosion, 15 addressed flooding problems, 11 addressed economic problems, 8 addressed social or other problems and 5 addressed sedimentation problems (SCS, 1990). The SCS (1990) noted that erosion estimates in the watershed at that time were 9-10 t/ac/yr. Cropland accounted for 82% of all water-related erosion in the watershed, although it only accounted for 58% of the sediment that reached the Illinois River and Upper Peoria Lake. Of that erosion, streambank and gully erosion only accounted for 16% (~88,000 tons/acre/year) of watershed erosion but contributed 42% of the sediment from the watershed to the Illinois River and Upper Peoria Lake. In 1988, the watershed was approved for and received funding for one year under the state Watershed Land Treatment Program (WLTP) and for two major erosion control and water quality improvement initiatives as a result of the watershed planning efforts. 

The SCS (1990) found that the conservation program funded by the WLTP was inadequate to significantly impact annual sediment yields by erosion. Although specific projects, their funding levels, and cost-share requirements implemented under the WLTP are not known, SCS (1990) recommended four alternatives: (1) implement traditional land treatment including conservation treatment in the steeper portions of the watershed; (2) construct 7 large and 50 small sediment basins; (3) stabilize 8 miles of severely eroded streambanks and  25 miles of moderately eroding lands and (4) compile a detailed watershed inventory with cost-benefit analysis of Alternatives 1-3 for reducing erosion, sediment, and flood damages.

C. Senachwine Creek Nonpoint Source Control Project Phase I 
In 1994, a grass roots effort between the SCWC and the Illinois River Soil Conservation Task Force (IRSCTF) resulted in a successful application to the Illinois Environmental Protection Agency (IEPA) for a grant under Section 319 of the United States Environmental Protection Agency (USEPA) Clean Water Act (CWA). The goal of the collaboration was to improve water quality by reducing non-point source (NPS) runoff through controlling sheet, rill, gully, and streambank erosion. Agricultural land use was identified as a major source of nonpoint source pollution (Miller et al. 1997). They described severe streambank erosion destroying farmland, threatening the stability of bridges and roads, decreasing water quality, and increasing sediment loads in creeks and the Illinois River. Treatments of uplands and floodplains along with educational outreach and training were used to achieve NPS reduction goals. 

With assistance from a technical committee, the SCWC allocated funds towards upland treatments, ponds and streambank stabilization. The ponds and upland treatments were cost shared at 75% federal and 25% local per category with a maximum of $7,500 per landowner, while streambank stabilization efforts were cost shared at 90% federal and 10% local. A total of 53 projects were constructed with technical assistance from NRCS. Designs and construction efforts were performed in accordance with USDA/NRCS Standards and Specifications. Thirty-nine (39) upland projects comprising 46,725 feet of terraces, 24.9 acres of waterways, 38 Water and Sediment Control Basins (WASCOBs) and 2 grade stabilization structures were constructed (Miller et al., 1997). Streambank stabilization projects addressed 4,650 linear feet of stream channel and 8 ponds. Streambank stabilization workshops were conducted to educate landowners and the general public on methods for controlling streambank erosion. Combined, these projects reportedly improved water quality by preventing an estimated 23,600 tons of soil from entering the Illinois River annually. 

Total proposed project costs were $500,000, with $300,000 IEPA support and $200,000 in local match.  Of the IEPA portion, $268,665 (89.5%) was directed toward conservation practices on the land. Matching funds actually accrued to a total of $384,931, which was $184,931 (92%) over the needed $200,000 local match (Miller et al., 1997).

Miller et al. (1997) concluded that significant future work was needed. There was a lack of funding for public awareness, education and technical support. Funding was also needed to implement structural practices and incentives for long term solutions. More control structures such as WASCOBs, ponds, dry dams, terraces, and grassed waterways were specifically identified in the report as being needed to slow runoff and trap sediment (Miller et al.1997). 

D. Senachwine Creek Nonpoint Source Control Project—Phase II

In December 1999, Senachwine Creek Phase II was implemented under Section 319 Clean Water Act funding by the IRSCTF under administration of the Soil and Water Conservation Districts (SWCDs) of Peoria and Marshall Counties (Joseph et al., 2003). The goals were to build upon the successes of the Phase I projects to reduce NPS pollution from uplands, floodplains, and streams by requiring improved and up-to-date farm plans, installation of proposed Best Management Practices (BMPs), and education of the general public about the project and NPS pollution.

Although only 92 projects were initially proposed, 107 BMPs were completed through the time frame of the Agreement (March 2000 to February 2002; Joseph et al., 2003). The IEPA reported (www.epa.state.il.us/water/watershed/reports/biannual-319/2006/march.pdf, Scott Tompkins, pers. com. 2007) a total of 143 sites installed in the watershed up to the present. This Phase II report however, describes107 constructed projects including 2,800 feet of streambank and shoreline protection, 11 ponds, 55,270 feet of terraces, 36 WASCOBs, 11.2 acres of waterway, 3 grade stabilization projects and 1 animal waste management system (Fig. 3??). Three additional projects were approved by IEPA as match and constructed through other funding mechanisms. These included a Conservation Reserve Enhancement Program (CREP) project in a floodplain area and 2 additional stream stabilization projects. The original Financial Assistance Agreement totaled $696,600, based on a 60-40% cost share breakdown that included $471,960 of EPA funds and $278,640 of local and state match. The final figures indicated that approximately $386,000 of EPA funds and $439,000 of matching funds were used, which again far exceeded the projected amount of match funds required (Joseph, et al., 2003). The total budget was partitioned between landowner matching (53%), EPA (33%), NRCS technical assistance (10%), SWCD technical assistance (1%), SWCD administration (1%) and SWCD clerical work (2%).
E. Related Efforts of Significance to Forest Management in Senachwine Creek Watershed
The Tri-County area has been blessed with strong local, state, and federal commitments towards the ongoing preservation and rehabilitation of the Illinois River, the Peoria Lakes, and the region’s abundance of natural areas. Numerous projects have been completed, or are in the process of completion, that strongly supports the preservation of these valuable assets.  The Mossville Bluffs Master Plan was created in 2002 by the Tri-County Regional Planning Commission with funding made available through the Illinois Department of Natural Resources (IDNR) Conservation 2000 program. While this plan was created for an area south of Senachwine Creek watershed it is very pertinent in that it made several important recommendations regarding erosion and sediment control, rural and urban forest management, stormwater management and habitat enhancement.The Mossville Bluffs Watershed Restoration Master Plan identified an opportunity for the creation of a ravine overlay district (R.O.D.) to be used as a mechanism to continue the ongoing preservation and rehabilitation of the Peoria Lakes and the Illinois River Valley. After verbal encouragement from the Illinois River Valley Council of Governments ((IRVCG), an association of local municipal representatives), an effort to more thoroughly investigate the opportunity for development of a regional R.O.D. became a priority.
The R.O.D. was created as a model for a zoning district that could be used to protect rapidly eroding, bluff and wooded areas (particularly those under developmental pressures). Recent analysis completed using the Land Use and Evaluation and Impact Assessment Model (LEAM) predict that encroaching development will consume approximately 8,500 acres (or 9.5 %) of the Peoria area forested land over the next 30 years. The LEAM model is a tool for predicting regional growth patterns and analyzing the subsequent results of those patterns. The model was created at the University of Illinois, Champaign/Urbana, and brought to Peoria as a demonstration project. This project was made possible by the IDNR, the Illinois Department of Transportation (IDOT), the Illinois Department of Agriculture, the Tri-County Regional Planning Commission, and the Governor’s Sub-cabinet on Balanced Growth. The model would assist the R.O.D. development by identifying threatened natural areas, querying specific locals, and analyzing potential impacts of growth on these natural areas. The results of the leam modeling system identify the possibility of preserving a substantial portion of these sensitive areas via tools such as the proposed R.O.D. The design of the R.O.D. model ordinance is intended to allow for wide scale utilization and adoption from entities both inside and outside the Tri-County area.
F.  Lake Front and River Development Plan 
V. PLAN FORMULATION
A. Condition of the Watershed

1.  General Geomorphic Setting and Recent Geologic History

The Senachwine Creek watershed developed in a valley between two glacial moraines deposited during the most recent glaciation (Fig. 4??). The glacier flowed over the Illinois River valley from the east, scraping pre-existing sedimentary cover down to bedrock and leaving subglacial and proglacial deposits upon retreat. This was followed by deposition of a blanket of wind-blown dust (loess) over the region, and erosion and re-sedimentation of existing deposits as the drainage network continued to develop. Prairie grasses and forests became established over the lower and steeper slopes, respectively. Thus, over the upper portion of the watershed is a complex of deposits from downwasting ice including till, debris flow, and stratified sediments (Ablation Plain), outwash streams (stratified sediments along Senachwine Valley) and ice-marginal lakes (Glacial Lake Plain). The lowermost part of the valley cuts through the Illinois River bluff and flows over a terrace left from the outwash deposits of the last glaciation. Tributaries to Senachwine Creek are mainly incised into the till plain.

The watershed now consists of gently sloping areas on the flanks of the moraines in the upper part of the watershed, more steeply sloping valley areas along the middle reaches of the Senachwine and Little Senachwine creeks and lower-relief areas of the Illinois River terrace and floodplain between the bluff at North Hampton and the Illinois River (Fig. 5??). Upstream of North Hampton the Senachwine Creek valley is 1-1.25 miles wide.


Three reaches of Senachwine Creek can be distinguished based upon planform configuration. In the upper reach, approximately the upstream 1/2 of the HUC401, the stream is gently wandering and channelized in part, with a 2-3 % valley slope on average within 1000 ft of the channel (Fig. Slope). The headwaters are incised into the Providence Moraine, whose crest forms the western watershed divide, but the lower part flows over the Glacial Lake Plain. The Glacial Lake Plain was interpreted by Lineback (1979) based upon the relatively low slope (~1 %). The total elevation drop from headwaters to the lake plain is 90 ft (~800-710 ft above mean sea level), whereas the elevation drop across the lake plain is only about 20 ft (710-690 ft above mean sea level). The plain has, however, a gently undulating surface. It is likely the surface reflects interfingering fluvial and lacustrine environments.

The Middle Senachwine Valley begins where the stream exits the glacial lake plain and flows through the Ablation Plain (Fig. 4). The Ablation Plain was formed by downwasting of the ice that created the Providence Moraine and by meltwater streams flowing off the glacier terminus at the Eureka Moraine. The present channel along this reach is moderately meandering, with increasing meander size downstream. The valley slope is ~13 % within 1000 ft of the channel, steepens abruptly where the stream cuts through the Illinois River bluffs, then shallows to ~3 % below the confluence of Little Senachwine Creek (Fig. Slope; note that the valley slopes differ from the channel slopes, discussed below). The Middle Senachwine Valley thus includes the lower portion of HUC401, all of HUC402, and the upper portion of HUC403.

In the lower reach on the Ancient Mississippi floodplain, the channel returns to gently meandering with significant modified subreaches (Fig. 4). The valley slope is very gentle, dropping only 20 ft over 3 miles (~0.1 %) down to the Illinois River (Fig. 5??). East of Il Rt. 29 the channel has been straightened and maintained since before 1939. In the Woerman maps of 1902-1904, two outlets for Senachwine Creek were shown, one labeled Spring Branch and the other the present outlet (Bhomik et al., 1993). By 1939, Spring Branch appeared to be cut off or abandoned and no longer received flow. There is no distinct delta at the stream mouth, because either sediment is rapidly transported downstream by the Illinois River or partly deposited in streamwise-oriented bars and islands or both. Channel constriction and navigation channel and bridge maintenance activities may also influence the morphology at the stream mouth. 

2. Native Landscape and Pre-European Landcover; Influences from Soil Geomorphology and Slope

In the early 1800s settlers of the Senachwine Creek watershed found a landscape characterized by a mix of oak woodlands and prairie openings (Suloway, et al, 1996). 
Schwegman (1973) classed natural environments and biotic communities in Illinois based primarily on topography, soils, bedrock, glacial history, and the distribution of plants and animals (Fig. 6). The watershed of Senachwine Creek is located primarily in the Grand Prairie Section of the Grand Prairie Division but also includes the Illinois River Section of the Upper Mississippi River and Illinois River Bottomlands Division and a very small area in the Illinois River Section of the Illinois River and Mississippi River Sand Areas Division. The following descriptions of the Natural Divisions in the Senachwine Creek watershed are, in part, paraphrased from Schwegman (1973).

The Grand Prairie Section is a vast plain outside of the Northeastern Morainal Division that was covered by the Wisconsinan stage of Pleistocene glaciation (Schwegman, 1973). The soils were developed from recently deposited loess, glacial lake bed, and outwash sediments, and are generally very fertile. Natural drainage was poor, resulting in many marshes and prairie potholes. It was predominantly vegetated by prairie grasses. Forest bordered the rivers and streams as can be still found in the lower segments of Senachwine Creek and its tributaries (Fig. 6) and there were occasional groves on moraines, such as what is now named Camp Grove; a small town in the headwaters of the Senachwine Creek watershed named after one of these groves of trees. Prairie potholes, rivers, and creeks were the main aquatic habitats.

Tallgrass prairie probably covered much of the upland landscape and was once home to bison and great numbers of waterfowl that occupied the marshes, potholes, and larger river floodplains. Bison were hunted out by 1814. The invention and implementation of the steel plow by the mid-1800s brought about the rapid conversion of the prairies to farms. By the 1870’s, construction of ditches and tile drainage systems aided by implementation of steam shovels and drag lines drained almost all the marshes and potholes, displacing large numbers of waterfowl. The prairie is now one of the rarest plant communities in Illinois. As well, nearly 90% of native wetlands were degraded or destroyed, although they hold most of the rare and endangered plants in Illinois.

The headwaters of Senachwine Creek were generally a poorly drained plain of glacial drift, as discussed above. The Illinois Section of the Grand Prairie Division is generally relatively level but not quite so level in transitional micro-environments within and along the flanks of end moraines, ground moraines, dissected till plains, and outwash plains as in the area encompassing the watershed of Senachwine Creek.

The forests of the Grand Prairie Section are generally associated with the stream valleys and crests of moraines (Schwegman, 1973). On dry sites, the forests are dominated by white oak, black oak, and shagbark hickory, with shingle oak and bur oak as frequent associates. On mesic sites these species are replaced by basswood, sugar maple, slippery elm, American elm, hackberry, red oak, and white ash. Black walnut, butternut hickory, and, in the northern part, bigtooth aspen are common. The floodplain forests are of the silver maple-American elm-ash type. The development of prairie groves, such as Camp Grove near the headwaters of Senachwine Creek, was influenced by recurrent fires and generally of two types, one dominated by burr oak and the other dominated by American elm and hackberry. 

A small portion of the lower end of the Senachwine Creek watershed occurs in the Illinois River Section of the Upper Mississippi and Illinois River Bottomlands Division (Schwegman, 1973; Fig. 6). This Section encompasses, among other things, the bottomlands and associated backwater lakes of the Illinois River and its major tributaries south of LaSalle. It does not include the major sand deposits which are in a separate division. Much of the Section was originally forested but prairie marsh also occurred. The lower segment of Senachwine Creek flows in the bottomlands of the Illinois River valley which are subject to backwater effects from the mainstem of the Illinois River and characterized by broad floodplain features and sand and gravel terraces formed by glacial outwash. The soils are formed in this glacial outwash and recent alluvium. They are poorly drained, alkaline to slightly acidic, and vary from sandy to clayey in textural character. Springs are often associated with the gravel terraces along the Illinois River and can be examined near Chilicothe.

The Illinois River Section of the Illinois River and Mississippi River Sand Areas Division encompasses the sand areas and dunes in the bottomlands of the Illinois and Mississippi Rivers. A minor part of lower Senachwine Creek lies within the Illinois River and Mississippi River Sand Areas Division (Fig. 6). Scrub oak forest and dry, mesic, and wet sand prairies and marsh are the natural vegetation of this Section. Several plant species found here are more typical of the short-grass prairies to the west of Illinois. Several “relict” western amphibians and reptiles are known only from these sand areas. Dunes and blowouts are common topographical features in this Section and various plant associations related to unstabilized sand were located here.

The scale of the Schwegman’s (1973) analysis was regional. Using township-scale maps, better suited to the size of the Senachwine watershed, from United States General Land Office (GLO) records, Greer et. al. (2002) developed a picture of pre- to early Euro-settlement land cover (Fig. 7). The GLO data are on observations by surveyors working in the watershed in the early 1800’s. An independent interpretation of pre-settlement land cover can be obtained from surface soil color data as reported by NRCS soil mapping (Fig. 8). In Illinois dark soils were formed under prairie (mollisols) and light soils under forested areas (alfisols). Analysis of the soils helps characterize the early ecosystems, and set the framework for understanding later patterns of natural and anthropomorphic disturbance.

The GLO observations closely reflect the soil morphology data confirming prairie and forests dominated the land surface since the last glacial episode. At higher elevations in the watershed (c.f. Fig. 4), the GLO surveyors described nearly level to gently sloping prairie dominated by grasses such as big bluestem, and many species of wildflowers (Fig. GLO). In the southern portion of the watershed, hardwood forests were dominated by oak, hickory, and maple all of which covered the steep uplands and much of the lower elevation floodplains of the Senachwine Creek and its tributaries.

3. Cultural Setting

a. Population

Early settlement was sparse. Joliet and Marquette documented an Algonquian Indian settlement on the banks of the Upper Peoria Lake in 1673. Although there may have been very early intermittent French settlements in Senachwine Watershed, the first permanent European settlers probably arrived in Marshall County in about 1829, ten years prior to the establishment of Marshall County (NRCS, 1997). 

Today the Senachwine Watershed is dominantly rural. Urban development is limited to Chillicothe (population ~ 6,000).  Nearby Woodford County’s population has grown 70% since World War II; but overall, since 1870 the area has grown at half the rate as the state as a whole (IDNR, 1998). The Illinois River Bluff Assessment Area, including the Senachwine Creek watershed, is part of Tri-County Peoria metropolitan area. Suburban development is preferentially occurring in these uplands (Fig. 9) as population expands out of Peoria. 
b. Political Boundaries
The watershed occurs in both Peoria and Marshall Counties and is subject to local County ordinances and local municipal laws. County Engineers and Township road commissioners would also be interested in stream channel work because of the 207 bridge crossings and fords in the watershed of Senachwine Creek.
c. Non Government Organizations
Some of the Non-Government Organizations (NGOs) that operate or have interest in the Senachwine Creek watershed include the Illinois River Bluffs Ecosystem Partnership, Heartland Water Resources Council, The Nature Conservancy, Audubon Society, Sierra Club and the Illinois River Soil Conservation Task Force.

d. Other Stakeholders
Other stakeholders include a local historical society, and members of the Illinois River Valley Council of Governments, members of Audubon Society. The inactive Saratoga Drainage District is 1, 824 acres in size and was established June 1921. It is located near Senachwine Creek’s north-western drainage divide between Camp Grove and Broadmoor but its boundary appears to mostly be just outside of the Senachwine Creek watershed. Likewise, the inactive Whitefield-Saratoga Drainage District was established in June of 1925, covers 1,375 acres and is located directly 5 miles east of the Saratoga Drainage District just outside the watersheds north-eastern drainage divide. It is not known whether these drainage districts will remain inactive. No other drainage districts are known to exist in or near the Senachwine Creek watershed.
4. Current Landcover, Landuse, and Other Existing Conditions

a. Current Landcover
The existing land cover shown in Figure 10 is simplified from IL-GAP (2001) to give a synoptic view of the watershed within the format of this report. Land cover in the Senachwine Creek watershed is predominantly in row crop agriculture with a much smaller area of scattered rural grasslands and upland/ravine forests. Winter wheat exists but is very minor with respect to overall acreage. Land cover statistics (Table 2) derived from IL-GAP (2001) were obtained from the Illinois Department of Agriculture (http://www.agr.state.il.us/gis/stats/landcover/index.htm).Urban development is limited. Chillicothe (population ~ 6,000) is the largest town. However, suburban development is occurring; particularly in the uplands.

The data for each HUC within the watershed are shown at original scale (IL-GAP 2001) in Figs. 11–13. Almost the entire HUC401 (98 %, Table 2) is in corn and beans production (Fig. 11). Grassland and forest are generally limited to narrow bands along stream courses, although a riparian corridor widens abruptly downstream of 950 N.

Row-crop agriculture is also the predominant land cover of HUC402 (Fig. 12). However, forested land occurs along stream valleys as the stream descends the bluff (Fig. 5). Floodplain forest wetlands comprise a small portion of the watershed land cover, but a significant portion of the forest cover class (Table 2).

There are two distinct landscapes in HUC403: steeply-sloped areas along the bluffline and lower relief areas in the Illinois River floodplain (Fig. 13; Table 2). Steeper slopes mark areas where Senachwine Creek and its tributaries have incised into the Tiskilwa Till Plain. Valley walls in the incised Tiskilwa Till Plain are predominantly forested, whereas less dissected areas on the till plain and in the Illinois River floodplain are largely used for row crop agriculture. Rural grassland occurs mainly at the fringes of forested land on moderate slopes and along water courses and in patches up to several acres in size across the Post-glacial Floodplain and Outwash Terrace regions. Most of the existing wetland area in the watershed also occurs within the Illinois River valley, mainly near the mouth of Senachwine Creek in and around the Marshall State Fish and Wildlife area. Abandoned aggregate mines northwest of Chillicothe are classed as Surface Water, Urban Open Space, and in other urban categories.


b. Current Landuse
(DATA HERE IS BEING PLACED IN MAP FIGURES BY LISA—ISGS; should have soon)


i. Agriculture




ii. Industry (fig. 16)

iii. Transportation (fig.17)

iv. Urban Areas and Impervious Surfaces
The buried bedrock surface slopes down towards the narrow and deep Wyoming bedrock valley that trends subparallel to Henry Creek. In this location the total drift thickens commensurately. The occurrence of this valley and sediment fill is important for watershed assessment because it comprises the only groundwater source for residential or other development within the watershed. For this reason the Wyoming Valley may thus define the region of most likely future development. Recent residential development beyond the boundaries of the valley must rely on ponds and trucked or piped water (Andrew Stumpf, personal communication, 2006).  Forested bluffs occur within this area and are being developed at a rapid rate.
v. Zoning
vi. Prime Farmland

vii. Public Lands with Ecological Designations 
These areas include:

· Public Managed Lands (Illinois River Bluffs (ILRB) Assessment Area) --http://www.inhs.uiuc.edu/cwe/rra/site13.html
Senachwine Creek watershed occurs within the RRA called Peoria Wilds and is located within this larger IRB Assessment area.  Peoria Wilds encompasses the floodplain of the Illinois River, deeply dissected bluffs and hills bordering the floodplain, and relatively flat agricultural areas away from the river (Figure 2). A large tract of forest runs along the bluff to the west of the Illinois River. Non-forested wetlands are concentrated next to the river. Several hill prairies in this area have been included in the Illinois Natural Areas Inventory. The sun-and wind-exposed west and southwest-facing slopes of hill prairies create a harsh environment more suited to prairie than forest.

· Natural Areas—The Peoria Wilds RRA includes 24 natural areas made up of woodlands, hill prairies, marshes, fens, and seeps. The Marshall County Conservation Area Hill Prairies are also included in the Peoria Wilds RRA. Few hill prairies have been plowed because of their steep slopes, but they are sometimes grazed. The Senachwine Creek watershed has no known hill prairies but does have two Natural Areas which comprise 62 acres total. They include the 21 acre Hancher Woods and 41 acre Leigh Woods (Fig.19 – Publicly Managed Lands).

· Biological Stream Characterization —The mainstem of Senachwine Creek is listed as a Class B stream (Figure 18 Biol. Stream; See Section 5, a, vi. Biotic Environment, 2. Aquatic).  Class B streams are a highly valued aquatic resource with good fisheries for important gamefish species.
· 
· Nature Preserves—Only one Nature Preserve exists in the watershed. It is the 2.5 acre Root Cemetery Savanna (Fig. 19 – Publicly Managed Lands) located near Northampton in Hallock Township. The Nature Preserve was dedicated in February 1994.  The Root Cemetery Savanna Nature Preserve is a Mesic savanna of the Illinois River Section of the Upper Mississippi and Illinois River Bottomlands Natural Division. For further information about this sensitive site contact the Illinois Nature Preserve Commission, One Natural Resources Way, Springfield IL 62702-1271 (217/785-8686).
· State Fish and Wildlife Areas—Nearby, the Marshall State Fish and Wildlife Area occurs in the Illinois River Floodplain. Illinois Department of Natural Resources’ Spring Branch Conservation Area is adjacent to Senachwine Creek at its mouth in Upper Peoria Lake on the north side of Chillicothe (Fig. 19).
· Threatened and Endangered Species—Senachwine Creek is highly disturbed. It does have two locations of one Threatened and Endangered Species (Softleaf Arrow-Wood; Viburnum molle).  
· 303D Streams—No 303D stream segments have been designated in this watershed and other reports characterizing the watershed and its needs are lacking.


5. Abiotic Environment

a. Geologic Setting

i. Bedrock Geology

The watershed of Senachwine Creek is underlain by Pennsylvanian age sedimentary rocks. There are interbedded shale, clay, sandstone, limestone, and coal in approximate order of abundance (McKay et al., in review). Shale predominates with thicknesses up to 10s of feet, whereas limestone, coal, and clay tend to be only a few feet thick. 

Based on field investigations (Fig. 20), the glacier that formed the Providence Moraine (Fig. 4) eroded the preexisting landscape of the northern half of Senachwine watershed to bedrock. Subsequent glacial and proglacial deposits comprise a generally thin drift cover. Bedrock is near or at the surface in approximately the northern half of the watershed. There are bedrock outcrops at elevations of 590 -600 ft north of Chillicothe along the Illinois River bluffs to the east and near the bluff line of Gilfillan and Hallock Creek valleys (McKay et al., in review; Stumpf, in review). The buried bedrock surface slopes down towards the narrow and deep Wyoming bedrock valley that trends subparallel to Henry Creek; the total drift thickens commensurately. The occurrence of this valley is important for watershed assessment because its sedimentary fill comprises the only groundwater source for residential or other development within the watershed. Recent residential development beyond the boundaries of the valley must rely on ponds and trucked or piped water (Andrew Stumpf, personal communication, 2006). The Wyoming Valley may thus define the region of most likely future development.

Upstream of approximately CR700 N to CR950 N, the stream is incised into bedrock. Bedrock, typically shale, crops out up to 10 ft above the channel bottom in one or both of the channel walls. Where the underlying rock is relatively erodible shale, the channel substrate comprises a veneer up to several feet thick of alluvial sediments over bedrock. Occasionally the rock crops out as ledges in the creek bed where the underlying rock is relatively resistant sandstone and limestone. Upstream of CR950 N to approximately CR500 E, shale fragments are common in the subsurface till. This suggests that bedrock is near the surface because shale is rapidly pulverized by glacial ice. Bedrock appears to deepen in lower Senachwine creek, although large blocks of shale and limestone can be found as inclusions in till outcrops.

Bedrock tends to inhibit erosion, although erosion continues to occur as is evident by the several steep banks along the creek at the base of the eastern valley wall. Where the creek is incised into the rock, that is, where rock crops out in both channel walls, the channel planform and channel cross section are relatively stable. Where the rock is exposed in the bed of the channel, however, the stream power may be expended in such a way as to enhanced lateral migration. We were not able to absolutely identify this correlation in this limited study. 

ii. Surficial Geology
The moraines which bound the Senachwine Creek watershed were formed by the Wisconsin Episode glacier (Fig. 4). The Providence Moraine which comprises the western watershed divide was deposited about 20,000 radiocarbon years ago (Hansel and Johnson 1996). The Eureka Moraine which comprises the eastern watershed divide was deposited between about 15,500 and 18,500 radiocarbon years ago.

The entire upland surface is covered by 8-12 ft of loess where it is not eroded away. The loess probably comprises the main source of sediment in overland flow (Fig. 20; c.f. Stumpf, in review). The silt tends to be easily transported and is filling Peoria Lakes. The upper watershed is underlain by till and ice-contact deposits of the Tiskilwa, Lemont, and Equality Formations (Lineback, 1979). A region of fine glacial lake sediment (Equality Formation) shown on the statewide map (Lineback, 1979) was mapped by geomorphic expression of a very low sloping area between the moraines. The landform is covered by thick (>5 ft) loess, however, and subsurface materials cannot be confirmed with existing borehole data. However, in a cutbank just north of CR1050N we found ~5.5 ft of interbedded, soft, laminated to massive silt, fine to medium sand, and silty clay capped by loess (Fig. 20). Below the creek level was soft, massive, fine pebbly silt. This sequence appears to represent alluvial sedimentation with seasonal lake sedimentation filling in the true glacial lake basin below creek level. The sequence thus may comprise a source of erodible fine sediment that can be tapped by Senachewine creek through channel incision. In the middle reach, the floodplain comprises ~7 ft of fine (silty clay to silt loam) stream sediment over ~8 ft of coarse (fine sand to gravel) stream sediment, possibly glacial outwash. Approximately, the lower 7 km of Senachwine Creek flows through Illinois River terrace and floodplain before it empties into the Illinois River. This portion of the Senachwine Creek valley is underlain by Cahokia and Henry formations. Sand and gravel from these formations have been quarried extensively in the area between Chillicothe and the Senachwine creek. Drift thickness in the watershed ranges from 0 in the southern part of Hallock Township to 200 feet thick in the southeastern part of Marshall County (Piskin and Bergstrom 1975). The thickest drift cover is located in a over a bedrock valley known as the Wyoming buried bedrock valley, described briefly above but in more detail below, which trends WNW-ESE under the western portion of the watershed (Herzog et al. 1994). 

Two soils, the Jules and Paxico map units, stand out because they each contain an A horizon (organic-rich topsoil) of up to 9 inches of calcareous silt loam over stratified C horizon (parent material) sediment (Fig. JulPax; Soil Survey Staff, 2005b). They are positioned mainly on the floodplain of Senachwine Creek through the near-bluff region and on the Illinois River Floodplain, and are classed as silty alluvium. Because calcite is readily lost during sediment transport and deposition and the soils lack B horizons, their presence may indicate areas where cultivation of calcareous loess on slopes has caused rapid sediment runoff and deposition in nearby floodplains. Areas immediately upstream of where these soils occur should thus be examined more closely for opportunities for upland remediation.

b. Hydrogeomorphic Setting

i. Aerial Reconnaissance
The aerial reconnaissance stream and watershed assessment tool utilized either a private or State of Illinois helicopter with a high resolution stabilized aerial cameral and Global Positioning System (GPS) tracking to conduct aerial video mapping and rapid identification of potential restoration project site areas. Low-level aerial surveys significantly help identify stable and unstable reaches of stream now that the technological advances are available and economical. Although low-altitude aerial imagery cannot provide information on all sediment sources and disturbances, it, nonetheless, is an economical way to conduct rapid reconnaissance and identify potentially significant problems in or near a channel that otherwise may not be recognized and addressed for several years. Low-altitude aerial video mapping allows increased ability to rapidly see some channel and near-channel disturbances or sources of sediment and possibly help identify some of the causative factors for channel morphological change. After potential sites are identified, office and field analyses then help determine hydrological, hydraulic, geomorphological, and biological conditions which aid in prioritizing where to proceed with design and construction of restoration work. 
Aerial video mapping was acquired along 1292.04 miles (2079.18 kilometers) of stream channels in the Illinois River Basin in the spring of 2004, fall of 2005, and as a component of the watershed and stream assessment efforts. A list of potential problem areas, including coordinates and a general description of the problem, has been prepared for each of the channel systems flown in the spring of 2004 and a similar list is being compiled for the channel systems flown in the fall of 2005 and winter 2006 [TABLE aerial points]. Further inspections both add and eliminate potential restoration sites based on intensive review of aerial features from historic panchromatic aerial photographs and geomorphological field investigation. Data will be collected upstream and downstream of targeted sites to verify geomorphic history of the channel and near channel environment, channel equilibrium conditions, and potential response to restoration. Sites that continue to remain on the list for potential restorationl receive further monitoring and analysis for project feasibility determinations. Specific monitoring and analysis is intended to be conducted and used to aide managers with development of detailed restoration design, actual restoration, and performance evaluation. 
The middle and lower reaches of Senachwine Creek were surveyed in this manner for a rapid, synoptic view of general channel conditions and preliminary identification of potential project sites. Continuous video footage along the channel was obtained with synchronized GPS locations. Sites that appeared from the air to be unstable, (i.e., there was active sediment delivery to the stream channel from mass wasting, bank erosion or bed incision, if detectable) were recorded and GPS marked. These sites were further characterized during the field investigations generally described below in more detail. The potential project sites identified from the air are reported here in Table Aerial_Points. However, considerable additional information on current channel and near-channel conditions would be interpreted from the video footage with further, more detailed, field and office examination and analysis. A more detailed review of data would come at a later date as part of a feasibility study. 

Aerial reconnaissance of the mid and lower sections of the Senachwine Creek watershed indicated a potential 79 sites of concern. Another 18 sites were identified from the most recent low altitude panchromatic black and white photos outside of the area where GPS tracked aerial reconnaissance was flown providing a grand total of 97 potential project sites (Fig. Aerial_Locs: Table Aerial_Points). The 97 sites were investigated in the field for geomorphic and physical habitat characteristics in the summer of 2006.

ii. Channel Morphology

It has been widely recognized that some areas of the United States, including Illinois, need a more focused integration of stream, riparian, and hillside management to compliment more traditional upland conservation practices. Several studies document the importance of sediment contributions from streambanks and streambeds. A study on Court Creek in western Illinois utilized spatial and temporal channel morphological data and suspended sediment transport information to determine that streambank erosion constituted more than 50 percent of the sediment yield to the stream (Roseboom and White, 1990). Up to 90 percent of channel sediments in unstable stream systems in a similar loess-dominated region originated from streambanks (Grissinger et al. 1991; and Simon and Rinaldi 2000). Similarly, estimates of bank erosion contribution range from 40 % in the Spoon River in western Illinois (Evans and Schnepper 1977), and 50% in northern Illinois streams (Vagt 1982). However, streambed erosion could also be a very significant sediment source (Leedy 1979,Lee et al. 1982) .

The adapted geomorphic assessment approach involves gathering existing watershed and stream-channel data/information (historical and recent); evaluating watershed physical characteristics based on geology, soils, hydrology, land cover, and climate; conducting and recording aerial flyovers to preliminarily evaluate channel conditions and identify unstable reaches; and performing a field-based rapid channel-stability/physical-habitat ranking of many sites throughout the watershed. 

Customized geomorphological protocols are being developed and systematically incorporated into assessment efforts by the State of Illinois (White, 2005a). The condition of the channels of Senachwine Creek mainstem, Little Senachwine Creek, Deer Creek and Hallock Creek were assessed using channel geomorphic protocols (Kuhnle and Simon, 2000) and habitat condition protocols (Barbour et al., 1999).  Both the geomorphology and habitat protocols include determination of channel evolution stage, categorization of channel stability, and characterization of current physical habitat conditions in the channel and near-channel environments. These rapid watershed assessment protocols were performed to give a general overview of the state of erosion and deposition and condition of habitat of the watershed. Details of the general assessment framework are provided by White et al. (2005a, 2005b). Details on field use of the geomorphologic and habitat protocols are provided in this document with further details on the general use provided by Keefer (2006).   Geomorphology and habitat protocol data was collected  from stream channel segments across a large portion of the watershed (Fig. ISWSfieldlocs). Several geomorphic assessment approaches were adapted and streamlined for use in Illinois streams based on geomorphic studies in the United States and applicable to the Midwest (Keefer, 2006). 
Channel evolution models are useful for assessing the present and predicting future conditions of a watershed after a major channel disturbance (Simon and Hupp 1986; COE, 1990; Federal Interagency Working Group, 1998). Identification how channels evolve after channel disturbance and corresponding ages of evolution according to a Channel Evolution Model (CEM) is a key element of watershed restoration planning (Federal Interagency Working Group 1998). The spatial relationship of CEM stage to known ongoing channel disturbances (e.g. dredging, channelization, urban development, agricultural tiling, climate change, tectonic uplift, etc…) can also be used to assess potential future stream response including the potential for slope and streambank instability. The CEM context also helps prioritization of restoration activities if modification is planned and helps match problems with appropriate solutions (Federal Interagency Working Group, 1998). Therefore, we used the six-stage Channel Evolution Model (CEM) developed by Simon and Hupp (1986) to characterize channel condition throughout the watershed. Determination of CEM stage at selected reaches throughout the watershed let us assess general spatial and temporal trends in channel erosion and deposition. 

The six-stage CEM developed by Simon and Hupp (1986) was based on the original channel evolution concept of Schumm et al., 1984 (Figure Simon 6 Stage CEM; Table 3). Because the Simon and Hupp (1986) model was developed in sand-bedded streams with cohesive alluvial banks in the loess area of the Midwestern United States, it is generally applicable to watersheds within the Illinois River Basin.  
Each channel stage and associated characteristic processes and forms are given in Table Simon CEM.  The initial stage (Stage I) for the CEM is a pre-modified natural condition. Stage II is the channel condition resulting from initial channelization, dredging, construction, land-use change, climate change, tectonic uplift, or other major disturbance.  Degradation (channel incision) following channel disturbance (Stage III) results from an excess in stream power initially leading to oversteepening of the banks just upstream of the disturbance and eventually, a threshold stage (IV) is reached where continued oversteepening leads to excessive bank erosion and mass wasting which widen the channel and contribute increased amounts of sediment to the stream. Over time, channel widening and mass wasting proceed upstream from the location of maximum disturbance followed by aggradation and channel widening (Stage V) in reaches downstream of the active mass wasting. Although channel reaches in Stage V generally trend toward increasing stability, upper portions of the stream banks may continue to be unstable. The final stage (VI) of evolution is the development of a quasi-stable channel inset into the disturbed channel valley with dimensions and capacity similar to those of the pre-disturbance channel (Simon and Downs 1995). However, the elevation of the post-disturbance bankfull level is typically lower than the pre-disturbance channel and the pre-disturbance floodplain forms a terrace above the new active floodplain. In other words, this leaves the existing stream channel disconnected from the main valley floodplain and intrinsically forces the stream to curve a new floodplain at lower than the original floodplain.
Relatively stable reaches are typically found downstream (Stage V and VI) and less stable reaches (Stage II and III) are located upstream of those classified as Stage IV (i.e. threshold stage; Federal Interagency Working Group, 1998). This progression happens because the initiation of channel incision by a major disturbance or modification produces an increased gradient (e.g. headcut, knickpoint) locally which advances upstream until it meets more resistant bed and bank material or until stream energy becomes too low to support erosion of the bed due to decreased slope or discharge in the upper reaches of the watershed.  Examples of restoration strategies guided by the CEM are using “environmentally friendly” grade control structures to stem incision in reaches identified as early Stage III, treating bank instability with structural or bioengineering approaches such as riffles and pools in Stage IV and V reaches, and maintaining, preserving, enhancing, and expanding habitats supported within Stage I and VI. Generally, Stage III and IV reaches require more intensive restoration effort than Stage V and VI reaches. However, it is important to identify not only the CEM stage but also coordinate watershed restoration strategy with planned channel disturbances including but not limited to bridge construction, channelization, maintenance dredging, and other in-channel BMPs for mutual success in watershed restoration and infrastructure and land-use needs.

The spatial distribution of CEM stages based on the 2005-06 field data collection campaign in Senachwine Creek are shown in Table 23. Overall, the watershed has 274 miles of stream. Forty-one (41) miles of this had 239 assessed segments with 94 segments (39%) in Stage V, 84 segments (35%) in Stage IV, 35 segments (15%) in Stage II, 15 segments (6%) in Stage VI, 9 segments (4%) in Stage III and 2 segments (~1%) more clearly in an evolutional state between Stage V and Stage VI.

Most of the main channel of the Senachwine Creek watershed in this study was classed as Stage V. The mainstem of Senachwine Creek, from its mouth at the Illinois River to a point about 22 miles upstream, had a total of 101 segments assessed of which 66 segments (65%) were classified as Stage V, 6 segments (6%) were classified as Stage VI, 12 segments (12%) were classified as Stage IV and 17 segments (17%) were classified as Stage II. There were no Stage I or Stage III channel segments occurring within the mainstem channel study area of Senachwine Creek. An 8.5 mile reach of Little Senachwine Creek had 71 segments assessed of which 38 (54%) were Stage IV, 16 (22%) were Stage V, 9 (13%) were Stage VI, 7 (10%) were Stage II and 1 (~1%) was Stage III. There were 2 (3%) segments that were listed as scoring in between Stages V and VI indicating that the morphology in these segments was evolving more closely toward Stage VI. Deer Creek, a tributary of Little Senachwine Creek, had 30 assessed segments within a 4.5 mile reach. Nineteen (19) or 63% of these segments were in Stage IV, 6 (21%) were in Stage III, 4 (13%) were in Stage V and 1 (3%) was in Stage II. Six miles of Hallock Creek had 37 segments assessed which include a 2 mile stretch that had been channelized and leveed. Hallock Creek had 15 (41%) segments in Stage IV, 10 segments (27%) in Stage V, 10 segments (27%) in Stage II and 2 segments (5%) in Stage III. None of the reaches ranked Stage I and Deer and Hallock Creek had no Stage VI segments. It would appear from CEM stage data alone that the tributary systems feeding into Senachwine Creek mainstem are overall less stable than the mainstem itself and therefore one should consider prioritizing restoration of relatively unstable segments in those tributaries.  The greater slope of the landscape and higher gradient tributary streams explains, in part, the more erosive channel morphology.
The mainstem of Senachwine Creek had more Stage II channel segments than any of its tributaries.
iii. Channel Gradient and Channel Bed Texture
In quasi-equilibrium conditions, channel gradients and forms adjust to imposed sediment and water loads. The energy gradient (practially approximated as channel slope) along with discharge and the specific weight of water determine stream power, or the amount of energy available to erode or transport sediment (Rhoads, 1995). An imposed change in stream gradient by, e.g., channel disturbance or base level change, can initiate bed, bank, or watershed scour, thus increasing the sediment load in the stream (Bhowmik et al., 1993). When this higher sediment load is delivered to the main channel, new delta growth could be initiated unless the mainstem has the competence and capacity to continue to transport it. 

Gradients of stream channels (including headwater reaches) in the Senachwine Creek watershed were determined by interpolating contours from topographic maps (Figures 24, Fig. 25, and Table 5). Geomorphic and biologic field data collection occurred along approximately 41 miles of the total 274 miles of channel in the watershed. The ten channels with the greatest length are highlighted in red and black in Figure 25.  Four of these were investigated in the field for this report and are highlighted in red in Figure GRADIENTS.  The four channels include Senachwine Creek (mainstem), Little Senachwine Creek, Deer Creek, and Hallock Creek. The figure (Figure25) also shows that the gradient of Little Senachwine Creek (0.63%, or 33.4 ft/mi) is much steeper than the gradient of the Senachwine Creek mainstem (0.25%, or 13.4 ft/mi). Channel gradients range from 0.25 % in the Senachwine Creek mainstem to 4.9 % in the case of some small tributary valleys in the steeper, wooded, southern portions of the watershed. Overall there were 31 channels with a .02% to 1.0% gradient, 82 channels with a 1.01% to 2% gradient, 44 channels with a 2.01% to 3% gradient, 11 channels having a 3.01% to 4% gradient and 4 channels ranging from 4.01% to 5% gradient [Fig.24, see Appendix also].These gradients are steeper than most streams in Illinois, but typical of direct tributaries to the Peoria Pool.

A clear downstream gradation in texture occurs within the assessed streams (Fig. 26). Bed deposits above the bluffline are more boulder and cobble-rich than below the bluffline where gravels are concentrated. On Senachwine Creek mainstem there is a concentration of gravels above the rock outcrop areas in the channelized section of the stream. Glacial diamicton, glacial stream sediment, and bedrock outcrops supply the channel with rock debris in the area above the bluffline. Exposed bedrock is mostly shale, which rapidly comminutes to fine sand and silt. Therefore shale debris typically occurs in the bed only up to 100 feet downstream of an outcrop. More resistant sandstone and limestone debris between CR950N and the bluffline is an important coarse bed material component locally, but the drift is probably the main source of bed material of all size ranges. The relatively low slope of the channel on the Holocene Floodplain of the Illinois River (Figs. 4, 25) limits downstream transport of the coarser material, thus constraining the lowermost reach of the creek to sand and gravel with silts and clays being transported the farthest including into Peoria Lake (Fig.26). 

Flows in Senachwine Creek probably are only rarely competent enough to transport bedload coarser than fine gravel. Any bed material coarser than fine gravel thus provides some degree of armoring of the bed, inhibiting incision. In the middle part of the watershed, bedrock is exposed in the stream bed and incision is also relatively slow. The bedload there is one grain to approximately 2 feet thick. Aggrading reaches, mainly downstream of CR650 E are evident by accumulation of bars and evidence of overbank sedimentation. By contrast, several incising reaches are evident by exposed pipelines (2 – Lower Senachwine Creek (Active), Pipes – Hallock Creek (Abandoned). Sands are transported downstream to the Holocene Floodplain, some reaching the stream mouth at Peoria Lake, whereas silts and clays may be deposited on floodplains (e.g. Fig.21) or transported out of the watershed in the wash load. Hallock Creek has a bed texture consisting of mostly gravel in the channelized and leveed reach which extends from approximately one-half the way upstream from its mouth to the bluffline. The bluffline for Hallock Creek is shown in Figure20. Gravel bed material is prevalent below the confluence of Deer Creek and Little Senachwine Creek; however there are also some concentrations of sand and silt in the bed.
iv. Mass Wasting
Mass wasting of high valley walls is  common to many of the watersheds draining directly into Peoria Lake.  A total of 21 mass wasting sites were identified throughout the assessed channel segments in the Senachwine Creek watershed. Field investigation along Senachwine Creek identified 11 sites where mass wasting episodically contributes large amounts of glacial sediment and bedrock debris directly into the channel (Fig. 27). Six (6) mass wasting sites were identified along the channel of Little Senachwine Creek and 5 sites were found along the channel of Hallock Creek.  Deer Creek did not exhibit any signs of mass wasting. Aerial photo reconnaissance indicated additional areas of mass wasting where field work was not practical because of time and budget constraints (see Section 5.a.v.2.c).  
The mass wasting sites tend to occur where the stream impinges on the upland valley walls (Fig.27). The geologic settings are varied. For example, at Site A (Fig.27) the stream is incised 10 ft into shale bedrock, which is overlain by sand and gravel outwash and silty loess. Although the shale seems relatively resistant to vertical incision, it is clearly less resistant to lateral erosion, perhaps because bedding planes are exposed. By contrast, at Site B (Fig.27) a 100 ft high bank is comprised entirely of stiff pebbly diamicton (till) overlain by approximately 10 ft of silt loam (loess). However, persistent erosion at the toe of the slope maintains a steep escarpment. In a similar geologic setting in southwestern Illinois, Straub et al. (2006) found that slope failures occurred during waning of flood flows as hydrostatic support of the base of the slope was reduced.

v. 







v. Hydrologic and Sedimentologic Conditions
In a previous study, the ISWS collected 275 water samples, 32 stage samples, and made 90 discharge measurements at Benedict Bridge (Fig. ?) from October 1988 to November 1990 (Bhowmik et al., 1993). The creek was completely dry for 5 of the first 12 months of the former project period, and average water discharge was about 6 times lower in 1989 than 1990. During the early dry period, Senachwine Creek received some flow from snowmelt over frozen ground, but no significant flow until a storm in early June 1989, after which the creek bed was dry again two weeks later. The stages recorded showed extreme variability in spring 1989. Field measurements showed that the streambed was absorbing the streamflow. Senachwine Creek was again dry for an extended period during fall 1988 and summer 1989. Following recovery from the prolonged drought period, the creek was very flashy during storm periods, rising 10 feet or more during 3 to 4 hour periods, then dropping 8 feet within 12 hours. Over the period of record, five events occurred in which peak stage was greater than 10 feet.  At these stages discharge was nearly 10,000 cubic feet per second (cfs). The two year average sediment load was 85,200 Qs (tons) and 1,000 Qs/DA(tons/sq mi). 
Because monitoring data are very limited, a sediment rating curve developed by Demissie et al. (2004) was used to estimate sediment yields. Demissie et al. (2004) reports a sediment load for Senachwine Creek that was one-half that reported in Bhowmik’s earlier work (Bhowmik et al., 1993). Demissie et al. (2004) estimated sediment yields from tributary streams of the Illinois River based on suspended sediment load data collected by the U. S. Geological Survey (USGS). The duration of the sediment data ranged from one to 20 years, although most of the stations had less than five years of record. Because rating curves often underestimate sediment yield, Demissie et al. (2004) developed procedure to minimize the underestimation. The annual water discharge and sediment yield of Senachwine Creek estimated by this method for Water Years 1981 to Water Year 2000 are shown in Table Q_qs. 

Annual sediment yield correlates logarithmically to annual discharge as is typical (Figure Q_qs). Low flow years of 1988, 1989, and 2000 resulted in the least amount of sediment into the Illinois River valley (Demissie et al., 2004). Water Year 1993 was very wet and average annual water discharge and sediment yield was correspondingly higher for the Illinois River valley. The effects of intrinsic (e.g., local land use) and extrinsic (e.g., global climate change) forcings on the variability of flow are not clearly understood. It is known, however, that regional climate has been cooler and wetter over the past 30 years than in the first half of the 20th Century (Changnon et al. 2004). Evaluation of the effects of future BMPs will require at least 5-10 years of continuous monitoring of rainfall, flow, and sediment discharge in Senachwine Creek, including monitoring of initial baseline years.  

vi. Stream Dynamics Assessment (1939-1998 comparison)
Streams evolve dynamically with time in response to natural (e.g., climate, geology) and anthropogenic (e.g. land use, channel manipulation) forcings. Stream channels change their planform by eroding their banks laterally, incising the bed, and depositing sediment on floodplains and within channels. The rates and modes of these behaviors are functions of the geomorphic, hydrologic, and geologic setting.

Stream dynamics were characterized by comparing the 1939 channel planform position of the Senachwine and Little Senachwine Creeks to the 1998 position using methods adapted from Phillips et al. (2002; see also Rhoads and Urban, 1997, and Urban, 2000). The basic method is to digitally compare channel centerlines digitized from aerial photography taken at two different points in time. Because only two points were considered in this study, we cannot draw definitive conclusions about modes and rates of channel planform change, nor identify process-response relationships. The goal is, instead, to identify which reaches are relatively active with respect to planform evolution. In this case, we were also able to compare that data with channel stability data collected in the field. Observation of features such as exposed bars and floodplain deposits can also indicate stream behaviors. During the analysis of airphotos, observations of land use and land cover change were also noted.

Historical aerial photographs (HAPs) taken in 1939 were obtained in digital (tif) format from the ISGS Digital Archive of Illinois Historical Aerial Photography (http://www.isgs.uiuc.edu/nsdihome/webdocs/ilhap/). The images were orthorectified to a 30 m digital elevation model (DEM) using Erdas Imagine 8.7, Leica Photogrammetry Suite. Recent (1998) imagery was obtained as digital (Mr. Sid format) orthophotographic quadrangles (DOQs) from the Illinois Natural Resources Geospatial Data Clearinghouse (http://www.isgs.uiuc.edu/nsdihome/ISGSindex.html). Stream channel centerlines were traced digitally from the 1939 and 1998 imagery using ESRI ArcGIS. Buffers were generated in the GIS for each stream trace using the respective image root-mean-square error. Areal “change polygons” were generated by merging the pair of buffers and extracting the interstitial “donut-holes”. The change polygons are the metric representing the gross areal change in stream planform between 1939 and 1998. 

Change polygons were divided into five dynamic behavior classes: lateral or downstream migration, avulsion, channelization, post-channelization, and chute development. Lateral or downstream migration is a natural process by which streams erode sediment from their outside banks and deposit sediment along their inside banks. Avulsion is an abrupt change in channel position which occurs when a chute develops on the floodplain during high flow and subsequently incises and captures the main flow of the stream. Chutes may also be ephemeral features that may not develop fully to an avulsed channel. Channelization is usually recognized as abrupt change in channel planform that results in a straightened channel where construction activities and an apparent advantage to expedited drainage are evident. Where avulsion, chute formation, or migration occur after a reach shows evidence of channelization, post- channelization is assigned as the dynamic class.

The preliminary results of the stream dynamics analysis are given in Tables Plan Change 401, 402, and 403 and Figure PlanChange. The ratio of total areal change per unit stream length is a metric of total planform change, with planform stability inversely related to magnitude. Total areal change per unit stream length was greatest (14.9 m2/m) in the lower portion of the watershed and least in the middle portion (9.0 m2/m) of the watershed. Most of the change not attributed to channelization occurred via lateral and downstream migration of meanders along Little Senachwine Creek and below its confluence with Senachwine Creek, with the magnitude of the changes increasing downstream (Fig. Lower_Huc_lateral_ds). Both the activity and downstream increase in magnitude could be due to the downstream increases in valley slope, discharge, or bedload. The relatively low ratio of change to stream length (i.e., planform stability) in the middle HUC is probably partly due to bedrock control of the channel. There, bedrock in the channel bed inhibits incision and, where the stream cuts into the eastern valley wall, inhibits lateral migration. The relatively high ratio (11.6 m2/m) in the upper HUC is attributable to channelization which was the predominant mode of channel planform change there (Fig. Upper Huc Channelization). Channelization was a relatively small portion of the total change further downstream. Only two observations of planform change following channelization were identified, and those were in the lower watershed where the observations of extensive meander migration suggest relatively high intrinsic change. The long-term stability of channelized reaches could be due to low stream power in the upper watershed because of the low channel slope there, regular maintenance of the straightened reaches, or limitations in discerning the changes because of the imagery scale or limited temporal resolution. Field observations of active slumping and the use of rip-rap and fill to stabilize banks along part of the channelized reach near CR1050N [Fig. PM] suggest that channel widening or deepening is occurring, phenomena not observable from the imagery used. 

This stream dynamics aspect of this report characterizes the dominant modes and relative activity of stream planform change through the watershed. At this level of study we cannot determine if the observed changes are in stasis or if they are progressive. However, the correlations between areas of planform change and habitat, landscape erosion, channel form, and sediment delivery seem to be strong. The planform analysis and field investigations of channel geomorphology, provides corroborating evidence that projects directed at reducing sediment transport should be targeted at the lower reaches of Senachwine Creek mainstem. However, the relative effects of slope, discharge, and geology (erodibility of channel banks and substrate, availability of bedload) must be more clearly distinguished in order for project design to proceed. Also, geomorphic field data collection and analysis of channel gradients also suggest potential projects in the tributaries (Little Senachwine, Deer, and Hallock Creeks) to the Senachwine Creek mainstem.
It is important to reiterate that correlations between landscape or channel change and stream response are tentative. More comprehensive analyses of stream dynamics are needed for individual project design and implementation. In particular, we cannot determine the response of streams after direct modification of stream channels (‘channelization’) or other identifiable land use changes. As well, only net rates of planform evolution can be estimated; actual rates may be significantly higher. Understanding these responses is important for predicting the long term viability of stream restoration projects. Greater understanding could come from examining imagery of intervening years and estimating long term and synoptic trends in stream power.
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vii. Channel Stability and Habitat Integrity
Stage I and Stage VI channels of the Channel Evolution Model generally indicate relative stability and, therefore physical habitat is expected to be abundant and barring other negative influences support relatively high quality ecosystems (Table_SimonCEM; Figure Simon 6 Stage CEM [change to FIWG fig, as above]) (See also  Simon, 1989; COE, 1990; and The Federal Interagency Working Group, 1998). The CEM classifications determined in the field in the Senachwine Creek watershed generally correlate well with the channel stability indices (Fig.28), except in areas where mass wasting modifies local channel conditions or where bedrock is exposed in the channel bed. Significant autocorrelation between CEM stage and channel stability indices is expected because CEM stage is a parameter in the stability ranking scheme, and the two indices have parameters such as bed material and channel configuration in common. Channel stability scores that are greater than 20 have generally been interpreted to indicate dynamically stable channel conditions,  while scores of 11-19 indicate transitional conditions, and scores of 10 and under indicate unstable conditions (L. Keefer, Personal Communication, 2004).

In Senachwine Creek, however, the metrics are not always correlated. A wide range of sediment textural classes comprise the bed material in Stage IV, V and VI channels in this watershed. For example, the Stage IV channels, which are channels that have already undergone degradation and widening to a new state of dynamic stability (Index <10-15), often occur where there are large sediment loadings from mass wasting of high valley walls, as well as where sediment loadings are low because bedrock is inhibiting channel incision and channel banks are relatively low (insets, Fig. 28). The occurrences of poor correlation between the Stage and stability indices can generally be explained by recognizing other influencing factors such as bedrock exposure, mass wasting, etc.
Ecosystem health can be assessed by compiling metrics tuned to assessment goals. Shields et al. (1998), for example, showed that fish species populations vary with stages of channel evolution in the loess hills of Mississippi. Such a comprehensive analysis of biological indices and their correlation to CEM stage is beyond the scope of this assessment, however. Rather, we evaluated the ecological quality of physical habitat by using a ranking scheme developed from Barbour et al. (1999). The metrics are similar to the Quality Habitat Evaluation Index (QHEI) method (Ohio Environmental Protection Agency [OEPA], 1987), although simplified. Habitat scores from Barbour et al. (1999) can range from a low of 11 to a high of 44 with higher scores indicating better habitat. Where Stage VI channel segments occur in the CEM , the habitat ranks are generally higher. By contrast, where Stage IV channel reaches occur, the habitat ranks are generally lower unless some other influencing factor modifies the channel segment and its habitat. No statistical analysis has been performed yet on these data because detailed biotic information is lacking. For example, actual fishery and macroinvertebrate data are scarce for this watershed, therefore, these parameters have not been examined in relation to stage of channel evolution or habitat indices. Currently the authors suggest that a habitat score of 25 can be used as a general “working” boundary to delineate between good and poor habitat areas in the Senachwine Creek watershed (Figure CSI/BHI Index). Additional data may suggest that this threshold score needs to be adjusted up or down for this watershed.
We found that physical habitat indices (Barbour et al. 1999)generally correlates well with Stages of the CEM and with channel stability indices (Fig.29). As noted above, however, these correlations are not always as clear because singular influences such as large pools formed by beaver dams or large woody debris (LWD) control channel forms locally. On occasion when large pools were recently formed we found channel segments with Stage IV channel forms that also had relatively high habitat indices. 

Preliminary field data from the mainstem of Senachwine Creek indicated relatively good physical habitat indices for most segments of the channel. However, poor habitat conditions occur in the lower reaches of the mainstem and in a long channelized reach HUC401 (Fig. Stab_v_BioHab--senachmainstem). Based on the combination of physical and habitat indices, there are 4 reaches where the channel appears to be out of equilibrium, has relatively poor habitat, or both. (1) The upper 2 miles of Senachwine Creek were channelized and show signs of incision (CEM Stage II, Fig. FIWG). Relatively low habitat scores indicate poor habitat conditions. This area lacked any appreciable woody riparian vegetation.  (2) A major pipeline exposure occurs in lower reaches of Senachwine Creek where the lower most problem area is delineated based on CEM, channel stability, and habitat scores..The exposed pipeline is positioned in an area where one would typically expect sediment to aggragate.  The fact that the pipeline is exposed in this location is an indicator of dynamic channel change. Other outlier areas where erosion was occurring were also recorded but the data suggested that the critical target areas were these four channel reaches (Figure 30).

Preliminary field data from Little Senachwine Creek indicated very good physical habitat indices from most segments of the channel (Figure 31). However, the channel stability indices indicated most segments were either unstable or relatively unstable. It was determined that no channel segments were highly stable. The authors believe that the occurrence of beaver dams, log jams, and high point riffles positively influenced habitat scores by creating deep pools that contribute to good habitat scores even though other aspects of the channel morphology suggest instability. Channel segments that have indices which indicate the channel is stable and also have indices indicating good habitat should show more divergence in scores as the conditions become more stable and richer in habitat. However, as stated, aberrations can occur but they are generally explainable. For example, some mass wasting sites along the channel strongly influence the channel stability ranking and establish conditions that accumulate higher scores (less stability), however, pooled water from beaver dams, log jams, high point riffles, etc…minimize the anticipated strong divergence of scores (healthier stream conditions) between the biological habitat indices and channel stability indices. A close examination of channel stability indices, channel morphology (CEM), and habitat indices indicated at least 5 and possibly 6 distinct areas where significantly long stream segments had distinct problems and appeared to be either less stable physically or have less habitat or both. Little Senachwine Creek had CEM Stage II morphology in the upper channelized mile, with channel stability scores indicating potential instability and habitat scores indicating poorer conditions as you go upstream. Although this upper channel segment was well vegetated with grass, there was a lack of standing water and no pools existed. With respect to the entire assessed reach of Little Senachwine Creek, we do not know at this time if the majority of segments exhibit problems predominantly from local or systemic causes. Problems in the upper reach appear to be from channelization. Other outlier areas where erosion was occurring was recorded also but the data suggests that the critical target areas are these 5 or 6 channel reaches (Fig. 31).

Preliminary field data from Deer Creek indicated 3 reaches of concern (Figure STAB V BIOHAB Vs CEM—Deer Creek). The longest stream segment is in the middle area of Deer Creek, the next longest is at the upper end of the channel and the third problem area is a short segment near the end of the channel about one-quarter mile upstream of the channel mouth at the confluence with Little Senachwine Creek.  It is interesting to note that between 1 and 2 miles from the mouth of Deer Creek the CEM is in Stage III, which is an actively downcutting phase, yet habitat is comparatively better and the channel is still somewhat more stable than other stream segments in this system. This aberration at the lower end of the channel needs further examination to more accurately explain why conditions are as they are. Another aberration exists at the upper end of Deer Creek where both habitat and physical stability scores are good but the channel morphology is in CEM Stage II and III indicating downcutting phases of channel evolution. There were two beaver dams at this upper end creating deep pools and this definitely provided improved habitat scores. There is also a nearby nick-point (headcut) in a side channel that drains into Deer Creek that has been recorded and scored with the geomorphic CEM and stability protocols as well as with the habitat protocols. This channel segment scored a potential for critical instability and needs further examination and restoration/grade control.

Preliminary field data from Hallock Creek indicated 3 reaches of concern (Figure STAB V BIOHAB Vs CEM—Hallock Creek). The lowermost channel segment indicated as a potential problem area based on CEM stage, channel stability, and habitat scores. It is also an area where a pipeline is exposed. A channelized reach occurs above this lowermost segment but it scores as fairly stable yet it does have poor habitat scores. This area appears to be aggrading somewhat but also appears to be maintained so it is not currently noted at this time as a potentially critical problem area or currently as a segment for potential restoration. The channel profile is steeper downstream of the channelized area and this steeper gradient area is where the pipeline is exposed. Just upstream of the channelized area the channel ascends from the floodplain up into the bluffs. At this point another potential critical channel segment exists. This segment is about 1 mile long and has channel morphology of CEM Stage IV and V. Channel stability scores indicate a potential for critical instability and habitat scores indicate relatively poor habitat. The very upper reach has one stretch of channel with a significant nick-point and appears to be CEM Stage II but it is in an area that has CEM Stage IV channels upstream and downstream.  Channel stability scores in this upper segment are indicative of areas having potential for critical instability and relatively poor habitat.
viii. Water Quality
Existing water quality datasets are generalized and not specific to Senachwine Creek and its tributaries. New water quality data were not collected for this study. 
None of the streams in the Senachwine watershed were listed as impaired in the Illinois Integrated Water Quality Report and Section 303(D) List for 2006 (State of Illinois Environmental Protection Agency Bureau of Water 2006a).

In the Illinois Water Quality report for 2004 (305(b) report), the IEPA assessed Senachwine Creek as having fully attained its designated use in the Aquatic Life category.  The assessment was based on waterbody-specific monitoring data, derived from “Integrated Intensive Survey (field work exceeds a 24-hr period/multimedia)” (State of Illinois Environmental Protection Agency Bureau of Water 2004).  Tributaries of Senachwine Creek, including Hallock Creek, Henry Creek, Gilfillan Creek, Little Senachwine Creek, and Deer Creek, were listed in the report as not assessed.

Many nonpoint source control projects have been implemented in the Senachwine Watershed with funding made available through Section 319 of the Clean Water Act.  BMPs implemented under Phase II of the Senachwine Creek watershed Project were estimated to have reduced the load of sediment in Senachwine Creek by 8507 tons/year, phosphorus by 1767 pounds/year, and nitrogen by 14,073 pounds/year (Illinois Environmental Protection Agency Bureau of Water 2006b).

The IEPA (2000) classified the Senachwine watershed with those having the highest nutrient yields in Illinois, with total nitrate levels of 6.0-9.9 mg/L and phosphorous levels of > 4.5 mg/L (Figs. Phosphorus, Nitrate).  These values are based on regional studies of similar watersheds. Measurements of nitrate concentration at the mouths of agricultural watersheds during spring and fall field applications show concentrations of a few mg/L. During the low-flow period of late summer, nitrate concentrations are below detection limits.  The contributions of Senachwine Creek to the nitrate and phosphate load of the Illinois River are estimated to be negligible compared to those of the metropolitan Chicago area (K. Hackley, personal communication, 2006).

6. Biotic Environment

a. Terrestrial

Forested ravines are habitat areas of interest in the Senachwine Creek watershed for management opportunity. They include forests on interfluves, slopes, terraces, and riparian areas along Senachwine Creek, Little Senachwine Creek, and a host of other smaller tributaries. Selective clearing of non-native and invasive woody species would allow improvement of the understory for erosion control and habitat enhancements.
[Figures amphibians, reptiles, mammals, birds]

Address T&E criteria from Table 1

Discuss threats to Ecological integrity (per Table 1)
b. Wetlands
Soils classed as “Hydric” have properties that show they are, or were once, wetlands. Figure Wet1 shows soil map units within the watershed that are considered to have hydric properties throughout (Soil Survey Staff, 2005a, 2005b). These areas have potential for wetland recreation or restoration to achieve ecosystem restoration goals including sediment runoff reduction, improved wetland quality, and flood control. Hydric soils occur in upland areas and headwater streams bottoms as well as within the floodplains of the larger streams which are the targets of this project. They cover about 14% of the watershed and range in size from 0.04 to 640 acres, although the median size is 5.8 acres. Within Peoria County, there are also soil map units with inclusions of hydric soils, but as inclusions the areas are relatively small, probably less than 0.3 acres each, and thus are assumed to be unlikely sites for wetland projects.

Existing wetlands were interpreted for the land cover map (nominal 1:100,000 scale) of Fig. LC (IL-GAP 2001). These areas are independent of the National Wetlands Inventory (nominal 1:24,000 scale). Although their accuracy is low and the scale is relatively coarse, the IL-GAP data are preferred to the NWI data because the aerial imagery source data were 25 years younger, fluctuating water regimes were characterized, and the results do not suffer from the digitization error inherent in the NWI creation (D. Luman, pers. comm. 2006). The wetland landcover class occurs over about 2% of the watershed. Occurrences are distributed across uplands and floodplains in the very lowest portion of the HUC *01, and across HUC *02 and *03. 

Clearly, the largest area of hydric soils is in the glacial lake plain of HUC*01 (Fig. Wet1). This is also the one region where no wetland landcover class occurs (Fig. LC). In July 1939 aerial photography, the northern tributary was partly ditched and tiled, but the main stream appeared to be strongly meandering and freely flowing (Fig. Wet2). By 1988, however, both the mainstem within the glacial lake plain and northern tributary were almost completely altered.

To prioritize areas for potential wetland restoration projects, the proximity to the main stream courses and the present occurrence of wetlands were considered (Fig. Wet1). Areas within 1000 ft of a stream were ranked higher because of the project focus on stream corridors. The present occurrence of wetlands could be used in two different ways. On one hand, an existing wetland could be considered highly valuable as the seed of a more extensive wetland because wetland function already exists, and it might be easier for projects to enhance this than it is to create or restore an area with no wetland function. On the other hand, it might be more valuable to distribute wetland function more widely across the watershed, so areas where wetlands do not presently occur should be prioritized. We chose the latter for illustrative purposes. Thus, Priority 1 wetlands are those areas not presently wetland and within 1000 ft of a major stream channel; Priority 2 wetlands are those that have one or more occurrences of wetland (IL-GAP, 2001) and are within 1000 ft of a major stream channel; and Priority 3 are those that are currently wetland and more than 1000 ft from a stream channel (Table WetPrior). Areas with hydric soils but no existing wetlands and more than 1000 ft from a stream channel were classed as Priority 4. Nearly all of the soils we classed as Priority 1 are considered poorly drained (Soil Survey Staff 2005a, 2005b), which may have implications for project goals, design, and long-term success.

c. Aquatic
In 1984 a Biological Stream Characterization (BSC) Work Group was convened to develop a statewide biological classification of Illinois streams. The first BSC report, published as Special Report No. 13 of the State Water Plan Task Force (Hite et al., 1989), provided a map of streams rated and described the BSC process and criteria for development of BSC ratings. The BSC report was developed as an aquatic resource management tool. The criteria used to identify streams or stream segments were based primarily on the fish community as enumerated by the Index of Biotic Integrity (IBI). The IBI as described by Karr et al. (1986) is comprised of 12 metrics encompassing trophic composition, abundance and condition of the fish community. The IBI scoring system was adjusted to reflect regional differences and stream size (Hite and Bertrand 1989). The resulting score ranged from 12 to 60, with higher scores reflecting a fish community characteristic of a system with little human influence and lower scores for a fish community that departs significantly from the reference condition. 

When qualitative stream fish data were unavailable BSC ratings were derived from subjective evaluation of fishery information or macroinvertebrate community data. The Macroinvertebrate Biotic Index (MBI) used for BSC is a modification of a biotic index developed in Wisconsin (Hilsenhoff 1982). Tolerance values assigned to each taxon and relative abundance of those taxa in the sample are summed to achieve a scale from 0 to 11, where low values indicate good water quality and high values degraded water quality (Hite et al., 1989). The MBI was primarily used to rate poor (Class D) and very poor (Class E) streams (Bertrand et al., 1993; Table BSC). 

The objectives of the BSC were to inventory the nature, extent, and distribution of Illinois stream resources and identify stream segments of exceptional quality that warrant special consideration for protection. A five tiered classification system was developed and streams were ranked into categories (Table BSC). 

Senachwine Creek mainstem was classified as a Class B stream (Bertrand et al., 1993; Figure BSC). Class B streams are highly valued aquatic resources and characterized as a good fishery for important gamefish species even though species richness may be moderately below expectations for the size of the stream or the geographic region. Smaller tributary streams to Senachwine Creek are not rated because of a lack of data from these smaller drainage systems. 

The IDNR completed a fish survey on a 1200 feet segment of the lower reach of Senachwine Creek immediately upstream of the Benedict Road Bridge and about 2.5 miles upstream of the mouth on September 9, 1997. This section of the stream encompasses one of the completed streambank stabilization sites recognized as the Bob Shepard site. This stream segment was previously sampled for fish on June 30, 1967. The sample data indicate an increase in the species diversity from 16 species in 1967 to 25 species in 1997. The additional species from the 1997 survey included, golden redhorse (Moxostoma erythrurum), stonecat (Noturus flavus), largemouth bass (Micropterus salmoides), blackside darter (Percina maculate), fantail darter (Etheostoma flabellare), orangethroat darter (Etheostoma spectabile), and logperch (Percina caprodes). Among these are several species that indicate good water quality and habitat. Also the data document increasing total catch and biomass of fish.. A total of 88 smallmouth bass (Micropterus dolomieu), a highly valued sport fish, were collected in 1997 (Table 97_99_fish) compared to three smallmouth bass in 1967 (Miller et al., 1997). 

In 1999, the IDNR completed fish surveys on the same segment of Senachwine Creek that was surveyed during 1967 and 1997. The species diversity increased in the 1999 fish survey to 30 species and the Index of Biotic Integrity improved from 46 in 1997 to 50 in 1999 (Table 97_99_fish). These scores confirm the BSC rating of Senachwine Creek as a Class B stream (Table BSC).  In general, this is a moderately diverse stream with five intolerant fish species present (Table DNR_NHS_fish). Two of the four intolerant species collected in the 1999 sample, black redhorse (Moxostoma duquesnei) and hornyhead chub (Nocomis biguttatus) had not been previously collected from Senachwine Creek (Table DNR_NHS_fish). From these observations it can be concluded that habitat and water quality conditions of Senachwine Creek remain good up to that point in time. The presence of smallmouth bass, largemouth bass, bluegill, and young flathead catfish (Pylodictis olivaris) indicate the importance of Senachwine Creek to the sport fishery of the Illinois River. More information on this study is available from Doug Carney, IDNR Stream Biologist (D. Carney, personal communication, 2005).





7. Prioritization Screening Criteria
Because not all areas could be selected for assessment in the first few years of the Illinois River Basin assessment effort, a general set of criteria has been used as a “working model” to select initial sub-basins, watersheds, and sub-watersheds for initial assessment Table 1 (USACE, 2007). Assessment protocols were selected and used to rapidly identify and describe significant erosion problem areas within the Illinois River Basin since erosion and sedimentation were deemed to be two of the most important problems impacting ecosystem integrity. Sediment delivery, hydrological conditions and biological conditions were used as major criteria (Table 1, USACE, 2007); however, other criteria were also used to select initial assessment areas from broad areas of interest within the entire basin (White, et al., 2005b). See Section II; STUDY FRAMEWORK and PURPOSE.
It was also necessary to develop additional criteria for targeting and prioritizing potential individual restoration sites within each of the sub-basins, watersheds, and sub-watersheds (White, et al., 2005b).  These additional criteria are similar to criteria used to select the initial list of sub-basins, watersheds, and sub-watershed for initial assessment but are more specific to individual project concerns. The criteria for selecting individual project sites can be reviewed in Section II: STUDY FRAMEWORK and PURPOSE.
B. Expected Future Without Project Conditions of Watershed

1. Prioritization Screening Criteria (from Table 1)
[General Description of Conditions and Trends]Data suggests that stream channels in the Senachwine Creek watershed are evolving from highly unstable conditions to more equilibrated channel forms which produce less sediment. It is anticipated that increased fragmentation of habitats, increased impermeable acreage from urban development, and intense agricultural production will continue and result in sustained erosion and sediment transport at rates too high to maximize ecosystem integrity and water quality improvement. Although there may be actions intended to improve water quality that are independent of projects derived from this study, projects not implemented under a comprehensive plan are expected to have limited effects.
[Suggest addressing each criterion as below. Most of the contents could come from the original second paragraph]
Without this project watershed planning and implementation efforts may not proceed as vigorously as would be the case if the comprehensive project was in place. Without the project it is anticipated that there will continue to be relatively high rates of sediment contribution to the Illinois River mainstem including delivery of sediment to specific high-value habitat from sources within the Senachwine Creek watershed. A reduction of habitat acres will occur in those few acres left that are currently connected vegetated areas of the floodplain, in larger patches of forest, in grassland areas and in riparian areas. Without the project there will likely be no reduction in unnatural peak discharge along Senachwine Creek mainstem and its tributaries nor a reduction in incidences of low-water stress to aquatic organisms. Exposed pipelines endanger ecosystem health [how?] and possibly endanger public health and safety. It is considered questionable just how full or even partial use support for aquatic life can be achieved in certain areas and maintained in others. It is also possible that there will be a less vigorous and concerted effort to find contamination sites and clean up or mitigate for those hazardous wastes.
2. Geomorphic and Hydrologic Future
Bank erosion and episodes of mass wasting along Senachwine Creek contribute sediment directly to the channel.  However, data used in the CEM analysis suggest that portions of the watershed continue to adjust to past disturbance due to earlier channel modifications and land use changes. In addition, stream reaches experiencing long-term net incision were observed and there is some evidence of continued erosion of the landscape (Fig. JulesPax). Whether these point sources contribute “excessive” amounts of sediment to the Senachwine Creek and the Illinois River cannot be determined within the scope of this watershed assessment. Condition of excessive sedimentation must be assessed by comparing the range of intrinsic behaviors, possible changes in land use and climate that may cause them, and their effects on ecosystem goals (e.g. habitat quantity and quality, sediment delivery, decreased peak flows, increased base flows, water quality, etc.).

Without treatments that address not only actively eroding areas but also the mechanisms that trigger increases in erosion rates, we suspect that within the next few decades, as the stream network continues to adjust to past disturbance, sediment yield from the watershed will approximate current amounts. Some additional modifications to the channel or changes in land use in the future could trigger a new cycle of channel adjustment and potentially increase sediment yield and undermine past and current efforts to curb sediment delivery to the Illinois River.

Table Q_qs and Figure Q_qs illustrate that sediment yield is directly tied to the hydrologic regime of the watershed. Thus, the future rates of erosion and sediment yield depend on both climate change and management of the hydrologic regime. The influence of climate change on watershed hydrology cannot be predicted within the scope of this study, but it is expected that, if regional warming continues, total precipitation will decrease but storms will be more intense, and runoff will increase but base flows will decrease (Easterling and Karl, 2001; O’Neal et al. 2005). The water and sediment discharge estimates approximate the expected range of variability and show that higher annual discharges generally yield more sediment (Table Q_qs and Figure Q_qs). Further, the existing data (Bhowmik et al. 1993) show that Senachwine Creek and its tributaries exhibit wide hydrologic variability on an event-to-event basis (i.e. “flashiness”) leading to wide swings in erosive power and available energy to transport sediment.  Although flashy hydrology is in part due to the geologic setting, changes in land use and land cover are also likely contributors to hydrologic variability. We suspect that without projects directed at watershed hydrology, the flashy hydrologic regime will remain and change toward a wetter climatic cycle will likely increase sediment yield.

The conveyance of water and sediment by the stream system intrinsically leads to dynamic channel change. Banks are eroded but also deposited during the process, with a net export of sediment out of the stream system. Preliminary assessment of channel dynamics shows that the principle mode of channel change is by downstream and lateral migration which is particularly evident in the mid- and lower segments of Senachwine Creek (Fig. PlanChange). Although the scale of channel change generally increases with downstream distance, comparison of the stream channel in 1939 and 1998 indicated notably less change within HUC 402 (Table 2).  Less change along this portion of the channel is most likely related to local control of the channel by bedrock and relatively coarse bedload. Due to the intrinsic nature of natural planform dynamics (i.e. modes of change that are not directly due to channel modification), we expect lateral and downstream migration to continue throughout the watershed with largest changes occurring in the lower portion of the watershed. Channel planform will probably remain relatively stable in the middle portion of the watershed because of geologic constraints. Substantial ditching and channelization took place in the upper part of the watershed between 1939 and 1998; given the tendency for channelized reaches to re-meander, it is likely that channel planform adjustments will occur but at smaller-scales than downstream. 

Residential development, especially in the mid- and lower portions of the watershed near the access routes to Chillicothe and Peoria, is expected to continue. Most residential development will be in the floodplain near Chillicothe. Without specific planning, that should result in further habitat fragmentation in the floodplain. Long-term consequences of residential development, unless actively mitigated during design planning and construction, include increased runoff due to increased impervious cover by roofs, sidewalks, and roads, and impact on water quality from, e.g., septic systems, lawn chemicals, and road salt (Zielinski et al., 2002). Increased impervious cover reduces infiltration rates and thus potentially contributes to upland erosion, stream flashiness and increased peak storm flow discharges.  Residential development also places demands on groundwater and surface water. There may be reductions in base flow to streams if shallow groundwater aquifers are drawn down by overuse. Some new development will have to rely on surface impoundments, which have complex effects on stream flow.

3. Biologic (Terrestrial, Wetland, and Aquatic) Future


C. Problems and Opportunities
A variety of problems in the watershed involving flooding, erosion, and sedimentation have been attributed to erosion and sediment yield from agricultural land (SCS 1990, Miller et al. 1997, Joseph et al. 2003).  Based on interpretation of data from this study and historical information (e.g. Greer et al. 2002) we suspect that, in addition, many of these problems are the result of progressive channel and hillslope adjustments triggered by major channel modifications and ditch construction during the early- to mid- 20th century.  Although recent non-point source control projects (Miller et al. 1997, Joseph et al. 2003) have applied BMPs to address the problems and anecdotal evidence suggests improved agricultural productivity, reduced upland erosion, and reduced flooding, the impacts of these BMPs have not been evaluated in the context of geomorphologic processes. That is, it is not known how previous efforts have furthered other ecosystem goals such as reduced sediment delivery, improved water quality, and enhanced habitat. Because the locations of previously implemented BMPs are relatively well-documented (Fig BMPlocs) and a variety of methods have been applied, an opportunity exists to evaluate long-term impacts of these BMPs. Relating the successes and failures of previously implemented projects in a process-based watershed context would allow for increasingly informed watershed management decisions and increase the probability of success for future projects.

Several unfulfilled data needs potentially limit appropriate planning and design of restoration projects.  By mandate, much of the information used in this study relied primarily on previously existing data. These data were collected mainly to estimate long-term, state-wide and regional trends (e.g. CTAP, U.S. EPA 305(b)/303(d) program). Thus the datasets provide only broad estimates of watershed characteristics, and are often based on data that are not tailored to assess conditions and processes specific to the watershed. Further, the few watershed-specific datasets that are available were collected at intervals that are generally too coarse (e.g. water quality) or monitoring periods too short (e.g. sediment delivery, hydrology) for adequately determining practices and processes impacting sediment production and yield, hydrology, and habitat in the watershed. Although one long-term fish survey provides data specific to Lower Senachwine Creek (Tables 97_99_fish, DNR_NHS_fish), these data only useful for evaluating the fish community and generally cannot be used for assessing the condition of other habitats (riparian, wetland, terrestrial). The existing elevation data are at a regional (100 ft horizontal accuracy) rather than local (3-30 ft horizontal accuracy) scales, are 20-30 years old, and are provisional. Higher-resolution elevation data are critical for many aspects of watershed assessment and project implementation, particularly regarding vertical stability of the channel and slope stability. Although the limitations of the existing data sets do not necessarily preclude watershed restoration planning, making project implementation decisions without more watershed-specific data may limit the success of watershed restoration and/or undermine previous restoration and management efforts.

The current conditions in many of the tributaries to the Senachwine Creek mainstem were documented in this study (Fig. geomorph_data_sites). However, additional work is needed to assess past and on-going processes in these and other tributaries. Additional work should focus primarily on those tributaries in valleys with steep, high valley walls located along or just upstream of the bluffline. The susceptibility of these areas to slope failure is relatively high.  New cycles of channel degradation and recovery could be initiated either by a natural (e.g. climate change) or artificial (e.g. channel modification) triggers. The disturbance could potentially trigger a new cycle of stream adjustment leading to bank instability, landslides and mass wasting, and contribute a large amount of sediment to the system. Additional work should include additional rapid field assessments, and relating vertical (e.g. repeat channel surveys) and planform (e.g. Stream Dynamics Assessment; 5.a.v.1.f) channel changes to land and water use changes and climate changes (c.f. Phillips et al., 2002).

D. Significance: (Technical, Institutional, and Public)

1. Technical

This study provides a compilation and analysis of existing data and also presents new information acquired through field investigations and from aerial imagery. Emerging technologies used include both those that have been established elsewhere but are not well-known in Illinois, as well as experimental methods. Because a goal of the study is to provide scientifically-based context for project planning, a large part of this report relies on adaptation of established classification schemes to assess biological integrity, channel stability and channel evolution. Further, we also developed and applied innovative methods to identify problems and processes both in the uplands and in the channel corridor. 

· Interpretive maps were compiled using existing geographic datasets providing a summary perspective on geologic, physiographic, hydrographic, and socioeconomic character of the watershed. 

· Video imagery of the channel corridor taken by helicopter flyover provided rapid synoptic reconnaissance and documentation of current watershed condition. 

· Systematic examination of historical aerial photography allowed us to assess channel planform change, provides critical baseline information on historical channel processes, and adds historical context to the perceived problems in the Senachwine Creek watershed. 

Even so, this study was intended to be rapid, not exhaustive. The resolution of most available data does not permit definitive characterization. Further analysis is desirable, particularly for flow, sediment delivery, water quality, and terrestrial and aquatic biology. Thus, this study should be considered a starting point for process-based analysis of the Senachwine Watershed to achieve Ecosystem Restoration goals.

Although various agricultural BMPs have previously been implemented in the watershed (Fig. BMPlocs), those practices mainly focus on non-point sources of sediment on agricultural lands in the watershed. Agricultural BMPs are aimed mainly at maintaining or improving productivity. By contrast, their effects on terrestrial habitat, aquatic habitat, fluvial hydrology, and sediment delivery may be profound but have not been well characterized. The BMPs may initiate new conditions within the CEM that have not yet manifested themselves because of intrinsic process lag times, or they could be responsible for the current conditions. 

The SCWA adds information regarding point-sources of sediment in the floodplain-channel corridor and adds historical context to changes in the watershed system, information that is essential for reaching Ecosystem Restoration goals. A finding of this assessment is that opportunities exist for integrated management of the water-sediment systems in the watershed, both on the landscape as well as within the channel corridors. That is, individual practices may be adequate for temporarily addressing a specific effect (e.g. streambank erosion) of a system-wide problem (e.g. abrupt changes in sediment and water discharge).  However, addressing symptoms rather than the problems could potentially lead to negative impacts on erosion, sedimentation, and habitat in the long-term. Secondary treatments may be helpful in balancing those negative effects. However, identification and characterization of the variability and rates of geomorphic and habitat processes are crucial next steps for informed project implementation decision making.  Further, potential projects based on this SCWA report should incorporate long-term monitoring to document performance evaluation, long-term viability and adaptive management needs. The SCWA provides some baseline data which will highly supplement data from future monitoring.
2. Institutional
Many Federal, State, and Local Agencies as well as NGOs have interests in Ecosystem Restoration of Senachwine Watershed (Table ? Agency Roles).  Comprehensive and complex planning  and implementation efforts require the participation of multiple local, state, and federal agencies. Potential partners include the USDA-NRCS (CREP, Environmental Quality Incentives Program [EQIP], Conservation Reserve Program [CRP], Conservation Practices Program [CPP], etc.); USDA Farm Service Administration; the local SWCD’s; the Illinois Department of Agriculture Streambank Stabilization Program; IDNR (e.g. State portion of CREP, Acres for Wildlife, Forestry Incentives Program, etc.), USEPA, and IEPA (Section 319 of the Clean Water Act, etc.). County Engineers and Township road commissioners would also be interested in stream channel work because of the many bridges crossing Senachwine Creek. In the context of creating the water, sediment and habitat resource management systems briefly referred to in the SCWA, there will be an important opportunity for integration of many of these Agency efforts in project planning and implementation.

Coordination between the state Scientific Surveys (ISWS, ISGS, and INHS) was a key element in preparing this comprehensive SCWA report. Along the way, many lessons were learned about data availability, application of analytical methods, and strengths of each agency and how to find synergies between them. With this report as a template, future assessments of other watersheds should be accomplished more effectively .
3. Public
The public stands to benefit in several ways from implementing ecosystem restoration activities based on recommendations in this SCWA. We hope to achieve better preservation of land and water for varied uses through improved land planning and direct treatment. These efforts will address several goals of the Comprehensive Plan (USCOE, 2007), including reducing sediment loads to the Illinois River mainstem and improving water quality. Land improvement could enhance agricultural production and provide higher quality recreational opportunities such as fishing, hunting, bird watching, etc., than currently exist. Roads and bridges, as well as other transportation and economic infrastructure, could be better protected for longer periods of time. The Illinois River Valley Council of Governments (IRVCG), as aforementioned, is an organization of local municipal representatives (mayors in most cases). The IRVCG encouraged the advancement of the Ravine Overlay District, and strongly supports its development. This organization brings immediate buy-in and regional project support.
E. Goals and Objectives
The goals and objectives of future activities based on this study follow those outlined in the Comprehensive Plan (Table G&O; USACE, 2006). Within the Comprehensive Plan the desired future condition for tributaries such as Senachwine Creek is the restoration of  sustainable levels of floodplain and aquatic habitat functions. A portion of this would be accomplished by restoring 150,000 acres (collectively) of isolated and connected floodplain areas within the entire Illinois River Basin (USACE, 2006). This represents approximately 18 percent of the Illinois River Basin tributary floodplain and riparian habitat areas (USACE, 2006). This level of restoration would provide the necessary building blocks for a sustainable floodplain ecosystem within the tributaries in conjunction with other restoration efforts undertaken as part of this effort, particularly reduction of sediment delivery. General conditions for floodplains and riparian areas include establishment, protection, and management of terrestrial patches of land (forests, prairies, savannas, etc.). Overall needs for bottomland hardwood forest ranges from 500 to 1,000 acres in size with 3,000 acres needed for some interior avian species. Grassland restorations require range from 100 to 500 acre plots. Non-forested wetlands require a minimum of 100 acre plots, spaced 30 to 40 miles apart, and riparian zones for streams require a minimum of 100 feet on each side. Approximately 1,000 miles of impaired streams would need to be restored and this represents approximately one-third of the streams impaired by channelization within the Illinois River Basin.
Projects implemented in the Senachwine Creek watershed could provide incremental progress towards several of these basin-wide goals. The watershed contains channel, wetland, major river and tributary floodplain, and terrestrial areas that may be suitable. 
The overarching goal is to restore and maintain ecological integrity, including habitats, communities, and populations of native species, as well as the processes that sustain them. Additional criteria have been developed as part of the Comprehensive Plan (USCE, 2007) including giving priority to projects that improve quality and connectivity of habitats, provide habitat for regionally significant species, reduce sediment delivery, naturalize hydrology, maximize sustainability, consider and address threats, improve water quality, consider other agency activities, have public support; etc. 

With specific criteria in mind all parties need to work together to:

1) Reduce total sediment delivery to the Illinois River mainstem from sources within the Senachwine Creek watershed to reduce excessive sediment load. The basin-wide target is to reduce sediment delivery at least by 10 percent by 2025.

2) Reduce excessive sediment delivery to specific high-value habitat both along the Senachwine Creek mainstem and tributary streams.

3) Restore, rehabilitate and maintain as many additional acres of habitat in currently connected areas of the floodplain as landowner support and incentive will allow.

4) Look for opportunities to restore large patches of forests and grasslands and search for opportunities to provide incentives for this effort.

5) Restore acreage of isolated and connected floodplain along the Senachwine Creek mainstem and tributaries to enhance floodplain habitats and promote floodplain functions. The basin-wide goal is to restore an additional 10% of acreage of isolated and connected floodplain.
6) Restore and/or protect additional stream miles of instream and riparian habitat in the Senachwine Creek watershed.

7) Restore and/or protect mainstem to tributary connectivity, where appropriate, to maintain fish mobility and community structure.

8) Reduce unnatural peak discharge along Senachwine Creek mainstem and tributaries to the extent possible with a subjective target of a 2-3% reduction for the 2 to 5 year recurrence storm events by 2023. The basin-wide target is to reduce peak discharge by 20% over the long term.
9) Reduce the incidence of low-water stress to aquatic organisms in the Senachwine Creek system by increasing base flows. The basin-wide goal for tributary streams is to increase base flows by 50%.
10) Ensure protection of exposed pipelines by instream geo- and bio-technical means or negotiation with pipeline owners for a reasonable settlement between economics and public interests.

11) Maintain full use support for aquatic life in all surface waters with Senachwine Creek watershed, as defined in 303(d) of the Clean Water Act. Achieve full use support for all waters in the Senachwine Creek watershed by 2055.

12) Encourage remediation of contaminated sites that affect habitat.
13) Achieve USEPA nutrient standards by 2025, following standards to be put in place by USEPA by 2008.

14) Work with the USACE and the State of Illinois (IDNR) to identify beneficial uses of sediments.

F. Preliminary Evaluation of Alternatives

Section 519 of WRDA 2000 specifies that if a restoration project for the Illinois River basin will produce independent, immediate, and substantial restoration, preservation, and protection benefits, the Corps of Engineers shall proceed expeditiously with the implementation of the project. However, restoration projects generally recommended in this document are preliminary and would need further feasibility study.
 The stream channel is influenced by the glacial history of the watershed, surficial materials, and by combined dynamic processes including climate, drainage modifications, land use changes, etc. Unstable channel and near channel areas are demarcated in Fig. Recommended_reaches125k are recommended for environmental restoration and naturalization such that energy is dissipated and quasi-equilibrium is restored to the channel system. Restoration techniques that could be applied to the watershed and stream system include bioengineered streambank and streambed stabilization; bioengineering with low-intensity structural controls such as naturalized riffle and pool construction, Lunker structure placement, or stream barbs;  riparian zone expansion and management; upland and floodplain wetland restoration; woodland structure and understory management in the forested bluff areas; stabilization of mass wasting sites; and traditional upland conservation treatments.
Based on our analysis,  four (4) reaches along the Senachwine Creek mainstem are relatively unstable (Figs. Stab_v_BioHab senachwinemainstem; fig.Recommended_reaches125k) and should be considered as priorities at this time. Further investigations may improve upon our predictive capabilities. Our investigations initially focused on the mainstem of Senachwine Creek, however, it became clear early on that tributaries such as Little Senachwine Creek, Deer Creek and Hallock Creek (Fig. GRADIENTS), deliver considerable sediment to the mainstem. Additional work has shown that these tributaries are high priority candidates for restoration projects, as well. Practices in the upper watershed and in sloping forested areas also need further consideration.
[Suggestion: Start general description of targeted reaches (though they’ve already been described above), such as total number of sites, length of reaches for additional study, how there are some long reaches with many problem sites but there are also problem sites outside of those reaches… Then break out Mainstem, Tributary Channels (lumped, unless you can think of a geological or process reason to separate them), Forested Lands, Agricultural Lands. Then continue the evaluation based on processes, e.g., Channel incision and widening (grade control, riffle/pool, Lunker…), Channel bank erosion (as part of intrinsic meandering…why do anything?), Mass Wasting of valley walls, etc. The relative costs and constraints of treating each process would be more easily discussed in that structure. The locations of particular sites or practices could then be identified on a figure. ]
1. Mainstem

Thirty (30) problem sites were initially identified from recent GPS tracked aerial flights along the assessed portion of the mainstem. An additional forty-nine (49) potential problem areas were identified along the mainstem by carefully reviewing the recently acquired aerial video tapes in the office. Another eighteen (18) more potential problem areas were identified from office review of contemporary and historic panchromatic still aerial photos (Table AerialPoints). Additional sites of concern were identified from in-channel field work.
The upper target reach is approximately 1 mile in length (Fig. Recommended_reaches_125K). This area was not flown to obtain aerial imagery so only existing panchromatic still aerial photos were available. Field reconnaissance was performed to collect data on channel morphology, channel stability, and habitat conditions and this data supplemented the existing aerial photography for this stretch of stream. This same methodology was used at Little Senachwine, Deer, and Hallock Creeks to help delineate where potential problem areas might occur and where further restoration might potentially be targeted. All other areas on Senachwine Creek mainstem were flown to obtain aerial imagery and the imagery was tracked with a GPS system for future GIS applications.  The next target reach is approximately 3.5 miles long. Recommended treatments primarily include grade control and habitat enhancement by constructing riffle/pool structures (Fig. Recommended_reaches125k Senachwine mainstem). In the upper reaches of the mainstem where the channelized segment ends, bedrock is exposed in the channel bed. Since just below this point the channel was less stable and stability and habitat indices were poor, we consider the bedrock to be a good place to anchor potential upper end multi-objective riffle and pool structures. Some severely eroded stream reaches may require installation of Lunker Structures and associated bioengineering in combination with the riffle/pool grade/habitat structures. 

The third target reach is 3.9 miles long. Recommended treatments here also include grade control and habitat enhancement with riffle and pool structures possibly combined with bioengineering and Lunker Structures. The fourth and lowest reach is 2.3 miles in length, and contains 11 potential projects identified from aerial reconnaissance. It is a complex area which is generally aggrading but exhibits channel degradation/incision in a few short segments where two pipeline segments are exposed. Riffle and pools structures might be useful in this area to protect the pipelines. However, relatively low bank elevations have led landowners to express concerns about flooding fields if water backs up too much. Engineering surveys are needed for further design for all four of these stream reaches.

Four (4) sites with extensive mass wasting occur within the 3.5 mile project reach. Two (2) more occur between the uppermost 1 mile and 3.5 mile project reaches, and another five (5) occur near the bluff line between the 3.5 mile reach and lower 2.3 mile project reaches. The mass wasting occurs where the stream impinges on the base of the eastern valley walls. 

Several more eroding streambanks occur as more isolated problem areas outside of the recommended potential project reaches in this report. It is possible that treatments within the recommended reaches could have positive impacts on some of these other sites, but further research and assessment is needed to clarify this. Appropriate stabilization of these outlier eroding streambanks may also be considered potential individual projects, but project impacts should be considered with the context of the overall plan.  Assessment of the impacts to the stream channel from previously installed BMPs in the uplands also needs to be accomplished to find additional opportunities for integrated system resource management (c.f. Fig. BMPlocs).
2. Little Senachwine Creek

Little Senachwine Creek is 8.5 miles long and has 5 to 6 segments that may be suitable for projects (Fig. Recommended_reaches125k, Figure Little Senachwine CEM-BHI-CSI). The uppermost reach defined here is about 1 mile in length. Tree root exposures indicate ongoing incision. A variety of  restoration practices could be considered including riffle and pool structures for grade control, oxygenation of water, aesthetics, habitat and energy dissipation. The multi-objective riffle and pool structures can be combined with bioengineering or even “hard” structures such as stone toe protection. 
The next channel segment downsteam is divided into two small segments that could be combined into one reach depending upon the type of restoration practices considered for further assessment in a feasibility study. The segments combined are about a mile in length (Fig. Recommended_reaches125k, Figure Little Senachwine CEM-BHI-CSI). Two mass wasting sites are located along this stream segment. Restoration of mass wasting sites require considerable effort, financial commitment and access from a willing landowner. The remaining 3 channel segments are located in the lower one-third of the stream. The last stream channel segment has one mass wasting site and the other 3 mass wasting sites are located just upstream in the second to last channel segment. Therefore, the 4 mass wasting sites are located in lowermost 2 miles of the creek. These channel segments would also benefit from bioengineering, stone toe protection, and riffle pool structures. 
3. Deer Creek
Deer Creek is about 4.5 miles long. Assessment data from Deer Creek indicated that there were 3 particular reaches with channel stability problems, poor habitat, or both (Figure CEM-BHI-CSI--Deer Creek). The longest stream segment is in the middle area of Deer Creek, the next longest is at the upper end of the channel and the third problem area is a short segment near the end of the channel about one-quarter mile upstream of the channel mouth at the confluence with Little Senachwine Creek.  Typical restoration practices described above would also be suitable for consideration in the 3 reaches described here. There are no mass wasting sites reported for this channel. 
4. Hallock Creek
Hallock Creek is about 6 miles long. Preliminary field data from Hallock Creek indicated 3 reaches of concern (Figure CEM-BHI-CSI--Hallock Creek). A pipeline is exposed in the lower channel segment where the channel gradient is a little steeper than in the middle portion of Hallock Creek (Photo Pipes Lower Hallock). Considerable care needs to be given to this exposed pipeline. This pipeline may not be active since it has not been “doped and wrapped” for protection for many years; even though it is exposed. If the pipeline is active, then relocation of the line or armoring are common approaches to deal with the public safety and potential pollution concerns. The pipeline company needs to be contacted to be sure this issue is addressed. Forest management would also be a major consideration in the mid and upper sections of Hallock Creek. Other potential restoration practices include those provided above for the other stream segments.
5. Forestland
Much of the southwestern part of the watershed in particular could benefit from woodland management.  Forested ravines are habitat areas of interest in the Senachwine Creek watershed for management opportunity. They include forests on interfluves, slopes, terraces, and riparian areas  Elimination of invasive plant species is highly recommended. Removal of some understory bio-material and less desirable short story trees should be considered with overall timberstand improvement practices. Connection and structural enhancement of vegetated areas that are fragmented, especially riparian zones, would be of great benefit. This benefit is not only for water quality but habitat for many floral and faunal species including birds.
Most existing forest is limited to ravines because the slopes are too steep for agricultural or residential development. However, steep slopes are less valuable than gentle slopes for wildlife, as well [citation]. Opportunities for restoring additional forest acreage in low sloping upland and floodplain areas should be investigated.
6. Agricultural Land
Various agricultural BMPs have previously been implemented in the watershed, mainly outside of channel areas (Fig. BMPlocs). Traditional water management and erosion control projects (e.g., grassed waterways, terraces, ponds, Water and Sediment Control Basins [WASCOBs], etc.) have been constructed outside of the channel in the Senachwine Creek watershed. Those practices mainly focus on non-point sources of sediment on agricultural lands in the watershed. Agricultural BMPs are aimed mainly at maintaining or improving productivity but their effects on terrestrial habitat, aquatic habitat, fluvial hydrology, and sediment delivery may be profound. These effects have not been well characterized in watersheds in Illinois and they need to be studied more thoroughly. These beyond-channel projects may alter water and sediment loadings to the Senachwine Creek mainstem and in the immediate aftermath of construction can have either positive or negative effects. For example, sediment detention in upland areas, without planning for compensation of flow regime changes or channel slope adjustments, can result in channel migration and/or channel incision which would induce channel erosion with channel morphology changes (White et al., in review). By contrast, coordinated implementation of beyond-channel with in-channel BMPs should result in reduced peak discharge, increased base flow, and a more balanced sediment regime. 
G. Proposed Methods for Benefit Assessment
Monitoring of stream hydrological conditions can help determine if peak discharges have been ameliorated and if base flows have increased in the summer months. “Normalizing” discharges can greatly benefit habitat and plant and animal communities. Monitoring of sediment and nutrient data combined with rainfall determinations would document changes in sediment delivery and transport in the watershed system. Continued monitoring of channel stability conditions and habitat indices as already initiated would help determine the response of the channel and habitat conditions as long as other factors can be isolated and eliminated as causative stimuli.
VI. FEDERAL INTEREST
Potential project features will require resources from several federal, local, and state agencies. I Integrated planning and management of these resources will be instrumental in achieving significant ecosystem restoration in the Senachwine Creek watershed and, in the larger sense, the Illinois River Basin. Federal interest exists and will be meaningfully realized specifically when project plans, designs, and resources are integrated as seamlessly as possible with local and state organizations. This integration of effort and funding will foster ecosystem restoration in the most effective and efficient manner. The challenge to integrate efforts lies with not only the federal government agencies but with local and state organizations as well. Potential project features and required federal interests are briefly outlined in Table ProjFeat.

VII. RECOMMENDATIONS
Based on the results of this study it is evident that various strategies could be used to improve the ecological integrity of the Senachwine Creek watershed and thereby address several of the goals within Alternative 6 of the Comprehensive Plan (USCE, 2007). As one would hope, some of the goals of the Comprehensive Plan are applicable to restoration efforts in the Senachwine Creek watershed and these goals are outlined in Section V, E above.

Goals can be met by incorporating appropriate combinations of resource management options into a Resource Management Plan for the entire watershed. To name just a few, these resource management options could include: 1) traditional erosion and sediment control BMPs such as outlined in the standards developed for use by the NRCS; 2) bioengineering (sometimes combined with placement of Lunker structures or perhaps even “harder” structures such as stone toe protection, stream barbs, etc.when necessary) to stabilize or naturalize streambanks and address channel equilibrium issues; 3) control of channel incision using riffle/pool structures (Newbury Weirs, etc.); 4) channel re-meandering and reconnection of streams to parent floodplains; 5) wetland restoration or enhancement; and 6) alternative futures planning and contemporary conservation designs for urban and rural stormwater infiltration and filtering, etc.  Many of these options provide multiple benefits such as enhancing habitat while restoring or naturalizing of flow regimes.
Traditional erosion and sediment control and water management practices and structures are recommended for additional design and construction. Innovative channel and near channel restoration projects are required and need to be constructed to naturalize the fluvial environment and managed to establish and sustain biologic diversity. Several unstable channel segments and near-channel areas on the mainstem have been identified for restoration and these are generally shown in Fig. Recommended_reaches125k. Likewise, several areas have been identified as potential sites for feasibility consideration. Because there are many factors that may have contributed to these areas becoming unstable (e.g. glacial history of the watershed, surficial materials, combined dynamic processes including climate, drainage modifications, land use changes, etc.) our general recommendation is that a closer examination of causative factors and processes take place before specific channel and slope stabilization projects are implemented. However, initiating restoration projects that focus on stabilizing active degradation (e.g. knickpoints, headcuts) and regulating the variability of water and sediment supply to the channel (reducing peak flow and increasing baseflow) would likely rapidly improve the condition of habitats in the watershed, increase the likelihood of success of many other treatments and possibly reduce maintenance costs in the long-term.  
Application of the CEM shows that most of the stream reaches classified were post-Stage III.  Moreover, the majority of these reaches were classed as Stage V (Table CEM) suggesting that the general stability condition of the watershed is late-stage transitional, characterized by aggradation of the channel bed, mild mass wasting, heavy bank accretion, anastamosing channel thalweg, and diverse bank forms (Hupp, 1987).  Within the context of the CEM, the general stability condition of the physical habitat should trend toward improvement unless there are further extrinsic stimuli such as channel disturbances or modifications. What is not known, however, is how long the observed conditions have existed. In west Tennessee where the CEM was developed, system recovery was on the order of 65 yr (Hupp, 1992). Analysis in Illinois has been insufficient to document similar process-response rates but continued data collection in this and other watersheds will fill this data gap in the future. 
Forest management techniques need to be specifically applied within wooded bluff areas and along riparian zones occurring in the watershed. The Illinois River Valley Council of Governments(IRVCG), as mentioned, encouraged the advancement of the Ravine Overlay District, and strongly supports its development. This organization brings immediate buy-in and regional project support.
Channel and near channel sources of sediment (particularly from streambed, streambanks, and riparian areas of the Senachwine Creek mainstem, Little Senachwine Creek, and other tributaries to Senachwine Creek) need to be controlled and habitats need to be enhanced using in-stream and riparian naturalization techniques. These techniques include variations of bioengineering, rock weir establishment, thinning of some wooded bluff areas, and intense understory management. Further, control of invasive species, protection of Threatened and Endangered species, concentrated management and expansion of terrestrial habitat types (such as forest, prairie, and savannah lands), and protection and enhancement of aquatic (fish and macroinvertebrate) habitats all need to be considered in a comprehensive manner and programmatically addressed in a systematic way to appropriately address systemic problems.
Implementation of solutions that will effectively and efficiently address problems need to be coordinated with all local, state, and federal agencies that are proficient at dealing with these problems, for both technical and funding reasons. The assessment for Senachwine Creek watershed was modeled after the Special Area Management Plans (SAMPs) outlined in the USACE Comprehensive Plan (USACE, 2007) although adjustments were made to accommodate assessment scaling issues between the larger Illinois River Basin and the subwatershed level. We’ve attempted to perform a comprehensive review of aquatic and terrestrial resources in the entire watershed. The assessment reports help define where SAMPs or Resource Management Plans should be developed for key areas of the watershed where considerable planning and restoration activities occur or where scientific information suggests a need to target restoration.  The approach to build upon this SCWA effort with a more specific feasibility effort is more environmentally sensitive than the traditional project-by-project process. The traditional approach may lead to the cumulative loss of resources over time. With the SAMP approach, potential impacts are analyzed at the watershed scale in order to identify priority areas for preservation, identify potential critical restoration areas, and determine not only the least environmentally damaging locations for proposed projects but the most important target areas for restoration. The goal is to achieve a balance between terrestrial and aquatic resource protection and reasonable economic development. These comprehensive and complex efforts require the participation of multiple local, state, and federal agencies.
Potential partners include the USDA-NRCS (CREP, Environmental Quality Incentives Program [EQIP], Conservation Reserve Program [CRP], Conservation Practices Program [CPP], etc.); USDA Farm Service Administration; the local SWCD’s; the Illinois Department of Agriculture Streambank Stabilization Program; IDNR (e.g. State portion of CREP, Acres for Wildlife, Forestry Incentives Program, etc…), USEPA, and IEPA (Section 319 of the Clean Water Act, etc…), and a host of other partners and funding sources.
Restoration in the Senachwine Creek watershed is complicated by the fact that very little of the watershed is controlled by public interests. Participation in ecosystem restoration efforts by private landowners is vital for achieving ecosystem goals. We recommend a continuation of the traditional “sign-up” programs currently in place. We also recommend further incentives be provided to private landowners to participate in construction of restoration projects outlined and targeted as potential projects in this assessment report.
In summary, several BMPs have been applied in this watershed in the past, however, more work is needed. This report describes the watershed conditions, both past and present, and recommends implementation of specific restoration techniques many of which are targeted to specific locations. Restoration of target areas would reduce water and sediment discharge variability in the watershed; include expansion and management of riparian zones; increase upland and floodplain wetland restoration; enhance woodland structure and understory management particularly in the bluff areas; stabilize mass wasting sites; and further install traditional upland conservation treatments. Various channel and streambank treatments that could be applied include bioengineered streambank erosion control, bioengineering with low-intensity structural controls such as naturalized riffle and pool construction, Lunker structure placement, longitudinal peak stone protection, stream barbs, etc. A renewed focus should be placed on the restoration of target areas as described in the assessment report, continued focus and interest in the capabilities and funding needs of local landowners, and increased landowner incentives would maximize restoration while providing more sustainable ecological diversity.
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Best Management Practices
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BMPs

Biological Habitat Index….



BHI

Biological Stream Characterization…

BSC

Channel Evolution Model…



CEM

Channel Stability Index….



CSI

Clean Water Act…




CWA

Conservation Reserve Enhancement Program…
CREP

Conservation Reserve Program…


CRP

Conservation Practices Program….


CPP

Crititcal Trends Assessment Program
…..

CTAP

Cubic feet per second…
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Digital Elevation Model…



DEM

Digital Orthophotographic Quadrangles…

DOQs

Environmental Quality Incentives Program…
EQIP

General Land Office…



GLO

Global Positioning System…



GPS

Historical Aerial Photographs…


HAPs

Hydrologic Unit Code….



HUC

Illinois Department of Natural Resources….

IDNR

Illinois Department of Transportation …

IDOT

Illinois Environmental Protection Agency…

IEPA

Illinois Natural History Survey…


INHS

Illinois State Water Survey…



ISWS

Illinois River Basin….



ILRB

Illinois River Bluffs Assessment Area…

IRBAA

Illinois River Soil Conservation Task Force…
IRSCTF

Illinois River Valley Council of Governments…
IRVCG

Index of Biotic Integrity…



IBI

Land Use and Evaluation and Impact Assessment

Large woody debris…




LWD

Model….





LEAM

Macroinvertebrate Biotic Index…


MBI

National Wetlands Inventory…


NWI

Natural Resources Conservations Service…...
USDA/NRCS

Non-Government Organizations…


NGOs

Non-Point Source…




NPS

Ohio Environmental Protection Agency…

OEPA

Quality Habitat Evaluation Index…


QHEI

Ravine Overlay District….



R.O.D.

Senachwine Creek Watershed Assessment…

SCWA

Senachwine Creek Watershed Committee...

SCWC

Soil and Water Conservation Districts…

SWCDs

Special Area Management Plans…


SAMPs

United States Army Corp of Engineers…

USACE

United States Department of Agriculture
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USDA/Soil Conservations Service…


SCS

United States Environmental Protection Agency…
USEPA

Watershed Land Treatment Program…

WLTP

Water and Sediment Control Basins…

WASCOBs
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