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a. Abstract 
The CTUIR Grande Ronde Subbasin Restoration Project, initiated by the Confederated Tribes of the Umatilla Indian Reservation in 1996, is an ongoing effort to protect, enhance, and restore riparian and instream habitat for natural production of anadromous salmonids in the Grande Ronde River subbasin.  Project activities are focused on enhancing and restoring critical juvenile rearing habitat with emphasis on restoring natural channel morphology and floodplain function, cold water refuge, complex aquatic habitat.

Primary techniques include a combination of passive and active strategies to enhance and restore aquatic and riparian habitat, and water quality. Natural channel design (Rosgen 1996), large woody debris additions, road/railroad drainage improvement and obliteration/decommissioning, riparian exclosure fencing, off-channel water developments, and revegetation/bioengineering (tree, shrub, and grass planting) are all restoration methods employed under this project and through project partnerships to improve watershed conditions. 

Individual projects contribute to and compliment basin-wide watershed restoration efforts currently underway by federal, tribal, and state agencies, and the Grande Ronde Model Watershed Program.  The focus of the project is to restore habitat for endangered Snake River spring/summer chinook and threatened summer steelhead, however other resident and migratory fish and wildlife benefit as well.  Maintenance and monitoring and evaluation are integral components of the project and are necessary to maintain habitat improvements and evaluate the progress of habitat development.  M&E efforts include: water temperature, habitat transects and vegetation plots, physical and biological surveys, and photopoints.

In Fiscal Years 2002-2006, the CTUIR propose to continue restoration efforts in the Subbasin with ongoing emphasis in the Meadow/McCoy and McIntyre Creek watersheds, Mainstem Grande Ronde, Bear Creek and Jordan Creek in the Longley Meadows Area,.  Known project opportunities include:  treatment on approx. 1 mile of Meadow Creek within the McCoy Meadows Project Area; Longley Meadows Restoration (part of the Mainstem GR Enhancement Project) involving channel restoration in the 1 mile channelized reach of Bear Creek, and enhancements on approx 4 miles of Jordan and upper Bear Creek; Phase 3 Mainstem GR Enhancement; and Phase 2 of the Upper McCoy Creek enhancement project on the Cuhna Ranch involving natural channel restoration, additional large wood placement and tree and shrub plantings on McCoy and Syrup Creek.
b. Technical and/or scientific background
The Grande Ronde subbasin is located in the southwest portion of the Blue Mountain Ecological province, encompassing about 4,000 square miles in northeastern Oregon and southeastern Washington.  The Grande Ronde flows from its origin near Anthony Lakes northeast 212 miles before joining the Snake River in Washington at RM 169.  The subbasin is divided into three watershed areas—the Lower Grande Ronde, Upper Grande Ronde, and Wallowa watersheds.  Approximately 46 percent of the subbasin is under federal ownership.  Historic land uses include timber harvest, livestock grazing, mining, agriculture and recreation.  A complete overview of the subbasin is contained in the Grande Ronde Subbasin Summary (NPPC, 2001).  This project focuses on the Upper Grande Ronde portion of the subbasin which includes approximately 1,650 square miles with 917 miles of stream network (about 221 miles of salmon habitat).   

The subbasin historically supported fisheries that were an important part of tribal cultures and economies (James 1984, Wallowa County and Nez Perce Tribe 1999, Ashe et al. 2000).  An estimated 38 species of fish, including 15 introduced species, are found in the subbasin (NPPC, 2001).  Historically, the subbasin supported large runs of spring-summer Chinook salmon and summer steelhead.  The subbasin also historically supported coho and sockeye salmon.  Coho salmon were extirpated from the subbasin in the 1980’s.  Both summer steelhead and spring chinook salmon in the Grande Ronde Basin are listed as threatened species under the Federal Endangered Species Act.

Fisheries managers estimate 12,200 spring chinook salmon historically escaped to the mouth of the Grande Ronde River in 1957 (COE 1975).  Redd surveys, conducted by the ODFW and tribes since the late 1940’s, indicate the subbasin supported large spring Chinook salmon runs until the 1970’s.  Despite large reductions in harvest, redd surveys have shown a declining trend through time (ODFW and CTUIR 1990).  Historic summer steelhead runs to the subbasin are estimated at 15,900 to the mouth of the Grande Ronde in 1963 prior to the construction of Snake River dams (COE 1975).  Spawning surveys conducted annually in the subbasin since 1964 also indicate a sharp decline in summer steelhead since the 1970s and early 1980s despite reductions in harvest.  

Declines in anadromous salmonids in the subbasin have been attributed to a variety of factors including mortality at Columbia and Snake River dams and habitat degradation (ODFW and CTUIR 1990).  Riparian and instream habitat degradation has most severely impacted spring chinook production potential (ODFW and CTUIR 1990).  Habitat loss and degradation has been widespread with the exception of roadless and wilderness areas (Anderson et al. 1992; CTUIR 1983; Henjum et al.1994; McIntosh et al. 1994; Wissmar et al. 1994).  Approximately 379 miles of degraded stream miles have been identified in the subbasin (ODFW et al. 1990).  In the Upper Grande Ronde watershed, an estimated 80 percent of the anadromous fish habitat was considered to be in degraded condition (Anderson et al. 1992), and about 70 percent of large pool habitat lost since 1941 (McIntosh et al. 1994).  

The adverse effects of poorly managed logging, grazing, mining, dams, irrigation withdrawals, urbanization, exotic species introductions, and other human activities have been documented in all of the Columbia River tributaries (ISG 1996).  Multiple restoration plans have been drafted to address identified problems (CBFWA 1997).  Timber harvest and livestock grazing are common land management practices in the subbasin.  Logging and associated road building in riparian and floodplain forests eliminates sources of large wood, reduces shade and bank stability, and increases erosion (Maser 1988; Meehan 1991).  Overgrazing by domestic livestock can alter riparian and stream channel characteristics and detrimentally affect salmonid habitat (Bauer and Burton 1993; Kauffman and Krueger 1984; Platts 1990; Lichatowich and Mobrand 1995; Wissmar et al. 1994).

Habitat loss and degradation in the subbasin ultimately resulted in the inclusion of about 62 streams or stream segments on the State’s list of water quality limited water bodies (303 (d) list) by the Oregon Department of Environmental Quality (ODEQ).  Of these streams/segments 24 are listed for habitat modification, 27 for sediment and 49 for temperature.  

Federal designation of several fish species as threatened or endangered under the Endangered Species Act (Snake River sockeye in 1991, spring/summer chinook in 1992, summer steelhead in 1997, and bull trout in 1998) resulted in increased efforts to implement ecosystem based, watershed approaches to species recovery within the subbasin (Anderson et al. 1992; CBFWA 1997; Huntington 1993; Mobrand and Lestelle 1997; NMFS 1997; Wallowa Co.-Nez Perce 1993).  

In an effort to increase coordinated watershed restoration, the Northwest Power Planning Council (NPPC) selected the Grande Ronde subbasin as a “Model Watershed” for Oregon in 1992.  The Grande Ronde Model Watershed Program (GRMWP) brings relevant interests together to address the needs of declining fish populations in the Grande Ronde subbasin. The program coordinates local habitat restoration with regional actions as outlined by the Northwest Power Planning Council in their 1994 Columbia River Basin Fish & Wildlife Program (Sections 7.0B.1, 7.6, 7.6C, 7.6D, 7.7b.2-3, 7.8A.4-5), and Endangered Species Act requirements as described in the National Marine Fisheries Service Snake River Salmon Recovery Plan (NMFS 1995, tasks 1.1.b, 1.4.d, 1.4.b, 1.5.b, and 1.6.b).

Habitat degradation within the Subbasin has been further documented and quantitified in reports commissioned by the GRMWP, graduate theses, and a multiple other reports and publications.  Technical reports commissioned by the GRMWP include the GRMWP Operations/Action Plan (Duncan and Cawthon, 1994); Stream and Riparian Conditions in the Grande Ronde Basin (Huntington, 1993); and the Application of the Ecosystem Diagnosis and Treatment Method to the Grande Ronde Model Watershed Project (Mobrand and Lestelle, 1997).   The Grande Ronde Subbasin Summary (NPPC, 2001) provides of synthesis of past and ongoing research, existing resource conditions, and limiting factors.  The GRMWP Action Plan identifies the following limiting factors for the Upper Grande Ronde and Catherine Creek:

Upper Grande Ronde River (upstream of La Grande). Habitat for spring chinook is greatly reduced from historic levels for certain life stages.  Survival conditions have changed due primarily to increased water temperature, increased sediment load, loss in habitat diversity, changes in flow patterns, channel and bank destabilization, and alteration of the riparian zone (Mobrand and Lestelle, 1997; Duncan and Cawthon, 1994; Huntington, 1993).


Catherine Creek  Spring chinook habitat losses are due to land development, channel straightening, removal of large organic structure, and de-watering.  Productivity has declined sharply. (Mobrand and Lestelle, 1997; Duncan and Cawthon, 1994; Huntington, 1993).



Limiting Factors:
low summer flows, high summer temperatures, streambed sedimentation, reduced habitat complexity, adult passage. 
The Grande Ronde Subbasin Summary (NPPC, 2001)  identifies two principle physical concerns that form the context for analysis of habitat conditions, limiting factors for fish and wildlife resources, and ultimately restoration recommendations for the Grande Ronde subbasin.  Historic, recent, and current land use practices have altered the hydrologic cycle, including the storage, movement, and character of water resources through the subbasin.  Changes in the hydrologic cycle are demonstrated by excessive runoff, altered peak flow regimes, lack of ground water recharge, reduction in soil moisture, reduced storage capacity, and low late-season flow.  Historic and current land use, in combination with hydrologic changes, have resulted in stream channel instability (channel widening, downcutting, vertical cut banks, and excessive gully development).  Aquatic habitat in the subbasin has undergone both chronic and acute destabilization through recent history (McIntosh et al. 1994).  Improperly managed land uses act to destabilize natural hydrologic processes and amplify the impacts of natural events such as floods.  Riparian habitat degradation is the most serious habitat problem in the subbasin for fish (McIntosh 1992, Wissmar et al. 1994, ICBEMP 2000).  This loss leads to secondary effects that are equally harmful and limiting, including increased water temperature, low summer flows, excessive winter runoff, and sedimentation (Bottom et al. 1985).  

The CTUIR Grande Ronde Subbasin Restoration Project,  coordinates through the GRMWP for funding, identification of priority project areas, monitoring and evaluation, and adaptive management.  Cost-share funding for individual projects is annually secured through the GRMWP to supplement funds secured directly through the NPPC/BPA as well as other project partners.  The CTUIR also coordinates closely with other resource managers in the basin (ODFW, USFS, NRCS) to cooperatively develop and implement individual projects.  Various agency staff members take the lead on individual efforts and other agency staff provide techncial support in an interagency team approach.  Examples of past cooperativ efforts include:  McCoy Meadows, Mainstem Grande Ronde, Meadow Creek Enhancement, Cuhna McCoy Enhancement, and Longley Meadows Restoration.
The initial step in developing habitat projects is to conduct a thorough review of watershed assessments such as those identified above, which provide guidance on priority watersheds and potentially stream reaches in which to focus project development efforts.  In addition, local biologists, hydrologists, and planners are consulted to evaluate previous assessments associated with watershed condition, life history and habitat usage of key fishery resources, and water quality data.  As part of the project development process and establishment of site-specific baseline conditions, pre-project field surveys are completed to evaluate the physical conditions of floodplain condition, channel condition (i.e., whether the channel is incised, streambank stability, availability of woody debris, vegetation condition, etc.).  Habitat surveys, if available, are reviewed to provide baseline data and to identify possible data gaps.  The Rosgen (1996) assessment process for determining the stable channel form of a subject stream is used.  This assessment process includes comparing a series of measurements between an unstable treatment stream and a stream reach of similar classification in a stable condition.  Bank full dimensions, width:depth, channel form, gradient, valley form, and soil types are all attributes assessed.  The author indicates that the use of such an assessment process, and implementation based on the assessment results, will lead to a high success rate of applying improvements for fish enhancement.  Altering the natural stable channel forms through the installation of fish habitat improvements or the installation of these improvements into unnaturally unstable stream channels is inappropriate

Following identification of priority project areas, landowners are contacted to discuss interest in restoration work, scope of project, and to initiate more detailed project analyses involving identification of goals and objectives, strategies, funding sources, project partnerships, and implementation strategy

Key assessments and reviews support the approach of riparian restoration as a primary tool to enhance and restore habitat and anadromous fish populations in the subbasin, including: Upper Grande Ronde River Anadromous Fish Habitat Protection, Restoration and monitoring Plan, and the Application of the Ecosystem Diagnosis and Treatment Method to the Grande Ronde Model Watershed Project.  The Upper Grande Ronde River Anadromous Fish Habitat Protection, Restoration and Monitoring Plan set desired future conditions or standards in the Upper Grande Ronde for Floodplain/Riparian Vegetation, Channel Morphology, Sediment/Substrate, and Water Quality/Quantity and also established management guidelines to achieve the DFC’s.   

Individual projects identified and promoted by the CTUIR Watershed Restoration Project and project partners are also reviewed by the GRMWP Technical Review group.  Projects are rated based on six biological and six social/economic/technical criteria.  The implementation portion of three recent projects (Phase 2 McCoy Meadows Restoration, Cuhna McCoy Creek Habitat Enhancement, Mainstem Grande Ronde River Habitat Enhacement (Cuhna Ranch), and Longley Meadows Restoration (Cuhna Ranch) was prioritized and funded through the GRMWP.

The primary approach of the CTUIR’s project is to address current land-uses, where feasible, and attempt to provide protection from detrimental practices such as livestock overgrazing, logging, and road development in riparian/wetland areas and floodplains.  Methods to address resource protection issues under this project include securing conservation easements on riparian areas, whereby certain land uses such as livestock grazing and timber harvest is deferred for 15 years or longer to achieve conservation and restoration objectives.  Riparian exclosure fences are utilized to establish the riparian lease area and a combination of passive and active restoration may be implemented to move individual areas toward desired future conditions.  Other types of fish habitat improvements such as natural channel design (Rosgen 1996), large woody debris additions and instream structures are designed and implemented if project assessments warrant active restoration methods.

Passive restoration techniques have proven effective in improving riverine/riparian habitats along grazed streams (Chaney et al. 1993; Platts 1990; NMFS 1997).  In a field review of BPA projects Beschta et al. (1991) stated that “Corridor fencing resulted in the most successful examples observed of vegetation recovery, diversity of channel morphology, and improved fish and wildlife habitat.” Passive restoration in many cases, however, has proven unsuccessful or at best, result in very slow recovery, on project areas where stream channels are deeply incised,  have excessively high bedload transport due to high streambank erosion rates, and/or are constrained from interactive with the respective floodplain due to the presence of drawbottom roads and old railroad grades.  In these cases, hydraulic and geomorphic processes have departed from a dynamically stable condition and may require active restoration measures to facilitate development of stable and functioning channel and floodplain geomorphology within a reasonable timeframe.  

While initial restoration approaches are generally passive in nature, follow up treatments may include active restoration.  Active restoration focuses on restoring naturally functioning floodplains and stream channels, and riparian zones.  Alteration of stream channels through road and railroad construction and channelization (“flood control”) and extensive riparian timber harvest was a common practice historically in the Grande Ronde subbasin.  The legacy of these anthropogenic alterations is readily apparent in many stream reaches within the subbasin.  Active remediation techniques using plantings (Chaney et al. 1993; ISG 1996), bioengineered, or other instream structures may also improve habitat, and may be required when natural processes are dysfunctional or unlikely to result in recovery within a desired time frame (Huntington 1994; NMFS 1997; Roper et al. 1998)..  

An underlying premise in developing and designing projects any successful restoration project is that the hydrologic and geomorphic function of the stream must be thoroughly considered in order to accomplish long-term, self sustaining habitat restoration.  Fish habitat improvement is not done without understanding/assessing the streams ability to derive the desired outcome (Rosgen 1996).  Active restoration is based on identifying the most probable state of the natural stream channel (Leopold 1994) by first identifying the valley type (Rosgen 1996) and then identifying the appropriate channel type associated with the valley and the current watershed conditions (Rosgen 1994). The design criteria is then developed through the use of a reference reach of the same channel type within the same hydrophysiograhic province and with similar environmental conditions (rainfall, elevation, aspect, etc.)(Rosgen 1998).  Project design uses natural stability concepts (Rosgen 1993).  

Treatments for both aggrading and degrading streams are developed using the same assessment and design process, but actual treatment methods vary depending on the current condition of the stream.  Incised stream channels are treated based on the methodology presented by Rosgen (1997) (Table 1).  The methodology includes four levels of treatment priority ranging from reconnecting the incised stream with its former floodplain to stabilizing the channel in place.  A combination of these treatment priorities have been used under this project during the past few years with good success.  Example include natural channel design and construction the McCoy Meadows Restoration Project and the Mainstem GR Habitat Enhancement Project (See Section e, Project History, Results).  A number of streams and/or stream reaches in the Upper Grande Ronde River watershed are incised and may, under further project assessment, be determined to require active restoration methods to move towards desired conditions within reasonable timeframges.  The guidance provided below can and will be applied to these situations.  
Table 1.  Priorities, descriptions and summary for incised river restoration (Rosgen 1997).

DESCRIPTION
METHODS
ADVANTAGES
DISADVANTAGE

Priority 1

Convert G and/or F stream to C or E at previous elevation w/floodplain.
Re-establish channel on previous floodplain using relic channel or construction of new bankfull discharge channel.  Design new channel for dimension, pattern and profile characteristic of stable form.  Fill existing incised channel or with discontinuous oxbow lakes level with new floodplain elevation.
Re-establishment of floodplain and stable channel: 1) reduces bank height and streambank erosion, 2) reduces land loss, 3) raises water table, 4) decreases sediment, 5) improves aquatic and terrestrial habitats, 6) improves land productivity, and 7) improves aesthetics.
1) floodplain re-establishment could cause flood damage to urban, agricultural, and industrial development.

2) downstream end of project could require grade control from new to previous channel to prevent head-cutting.

Priority 2

Convert F and/or G stream types to C or E.  Re-establishment of floodplain at existing level or higher, but not at original level.
If belt width provides for the minimum meander width ratio for C or E stream types, construct channel in bed of existing channel, convert existing bed to new floodplain.  If belt width is too narrow, excavate streambank walls.  End-hall material or place in streambed to raise bed elevation and create new floodplain in the deposition.
1) decreases bank height and streambank erosion.

2) allows for riparian vegetation to stabilize banks.

3) establishes floodplain to help take stress off of channel during flood

4) improves aquatic habitat

5) prevents wide-scale flooding of original land surface.

6) reduces sediment.

7) downstream grade transition for grade control is easier
1) does not raise water table back to previous elevation

2) shear stress and velocity higher during flood due to narrower floodplain

3) upper banks need to be sloped and stabilized to reduce erosion during flood.

Priority 3

Convert to a new stream type without an active floodplain but containing a flood prone area.  Convert G to B stream type or F to Bc.
Excavation of channel to change stream type involves establishing proper dimension, pattern and profile.  To convert a G to B involves increase in width/depth and entrenchment ratio, shaping upper slopes and stabilizing both bed and banks.  A conversion from F to Bc stream type involves a decrease in width/depth ratio and an increase in entrenchment ratio.
1) reduces the amount of land needed to return the river to a stable form

2) developments next to river need to be re-located due to flooding potential

3) decreases flood stage for the same magnitude flood

4) improves aquatic habitat
1) high cost of materials for bed and bank stabilization

2) does not create the diversity of aquatic habitat

3) does not raise the water table to previous levels

Priority 4

Stabilize channel in place.
A long list of stabilization materials and methods have been used to decrease streambank erosion, including concrete, gabions, boulders and bio-engineering methods
1) excavation volumes are reduced

2) land needed for restoration is minimal
1) high cost for stabilization

2) high risk due to excessive shear stress and velocity

3) Limited aquatic habitat depending on nature of stabilization methods used.

A secondary approach to active restoration and enhancement is the use of large woody debris/whole trees in forested riparian ecosystems where woody debris and instream habitat diversity is a limiting factor.  Large woody provides a host of benefits in forested riparian areas including promoting floodplain stability, providing “roughness” in the floodplain to trap and store fine sediments, provide complex aquatic habitat, and natural channel morphology.  The basic design approach is to mimic natural large woody debris recruitment in systems still exhibiting the effects of legacy timber harvest in the subbasin.  Wood additions and other floodplain enhancements are guided by the principles of natural channel design.  Upstream and downstream conditions are evaluated, and bankfull width, gradient, sinuosity, and meander belt width are all considered when determining sites for woody debris additions.  Wood debris configurations are modeled after naturally occurring configurations found within the subbasin. This approach has been utilized on several past projects including the Meadow Creek and Upper McCoy Creek enhancement projects with demonstrable benefits.(Section Section e, Project History, Results).  It is well documented that large wood debris is a key component of quality fish habitat (Bisson et al. 1987), greatly influences the structure and function of stream ecosystems (Sedell et al. 1988; Bilby and Likens 1980), and greatly influences stream channel form and fluvial processes (Keller and Swanson 1979).

Scientific literature supports the carefully evaluated installation of instream structures (Roper et al. 1998).  The addition of structures or large boulders to create pools or cover can increase fish populations in cases where these attributes are lacking (Bjornn and Reiser 1991).  House and Boehne (1985) found that the installation of instream structures into the altered habitats of the East Fork of Lobster Creek, Oregon led to increased spawning and rearing use by coho salmon and steelhead at the improvement sites.  Solazzi et al. (1992) found that instream habitat improvements including the installation of channel spanning log structures to create pools and alcoves led to a significant increase in overwinter survival of coho salmon in Lobster Creek, Oregon.
Road and railroad drainage improvement and obliteration/decommissioning is also utilized to restore floodplains and riparian areas under this project to reduce sediment delivery and reconnect streams to their floodplain.  Road drainage improvement involves installation of water bars to divert water from the road prism and to prevent concentrated water flow on the road which can create gullys, washouts, and culvert failures.  The number and location of water bars is determined on-site and is based on gradient and location of the road.  Commonly dips and bars are excavated every 50 feet, and span the width of the road prism.  Outlets are located on stable terraces where feasible.  Other road improvements undertaken include rocked stream fordes and installation/improvement of other stream crossings such as culverts and if necessary bridges.  Road work efforts are coordinated through the local Oregon State Forestry program administrator for Best Management Practices (BMP’s) and cost share funding where available.

Decommissioning of old railroad grades has been implemented on four projects (Meadow, Upper McCoy, McCoy Meadows, and Mainstem GR) to reconnect streams to floodplains and reduce sediment delivery to fish bearing streams.  Approximately 11,000 feet of grade has been obliterated and rehabilitated.  Methods involve re-contouring the existing grade into the adjacent borrow ditch and adjacent floodplain, with follow-up seeding and tree planting.

Revegetation efforts are usually undertaken on individual projects following completion of major construction efforts.  Vegetation plan designs are developed concurrent with natural channel/restoration designs.  Implementation efforts are conducted according to plan phenology with installation only being planned during plant dormancy periods.  Both fall and spring planting has been utilized.  A wide variety of methods can be prescribed including:  fall seeding with appropriate grass/forb mixes to take advantage of fall moisture and winter snow cover (ensure limited depradation and optimum seed germination for spring sprouting); whole willow rootwad installation, bareroot seedlings (shrubs and trees), containerized tublings (hydrophytic shrubs), and livestakes (salix spp.) using both manual and mechanized (stinger) techniques.  We have implemented a variety of methods found in the literature and employed by other agencies with extensive experience in the basin (ODFW, NRCS).  See Section e. Project History, Adaptive Management.

During the past 6 year period, we have encountered many challenges associated with the successful implementation of habitat restoration projects.  Major challenges include meeting landowner and land-use constraints, cumulative effects of legacy as well as current land use practices (timber harvest, road construction, channelization and flood control, and livestock grazing), and physical/biological constraints of soils, vegetation, and geomorphic characteristics within individual project areas and stream reaches.  Attempting to meet these challenges has been both challenging and rewarding with positive benefits of improving riparian and instream habitat trends, examples of improved water quality, and reduced negative effects of land use activities on several projects.  Tribal efforts in the Grande Ronde will continue to working with landowners and agencies in the subbasin to meet the ultimate goal of restoring productive, sustainable, and harvestable anadromous fish runs, healthy watershed, and diverse wildlife.
c. Rationale and significance to Regional Programs
The 2000 Columbia River Basin Fish and Wildlife Program places a strong emphasis on habitat protection and restoration to accomplish program goals and objectives.  Part of the vision of the overall vision for the Program states that “wherever possible, this program will be accomplished by protecting and restoring the natural ecological functions, habitats and biological diversity of the Columbia River Basin.”  One of the planning assumptions states, “this is a habitat based program, rebuilding healthy, naturally producing fish and wildlife populations by protecting, mitigating and restoring habitats and the biological systems within them, including anadromous fish migration corridors.”
The CTUIR Grande Ronde Watershed Restoration Project fits well within the framework of the 2000 Columbia River Basin Fish & Wildlife Program as described above.  This project focuses on restoring native vegetation and natural form and function of target streams in the Upper Grande Ronde watershed and is a logical component of ongoing watershed-wide efforts to restore aquatic habitat conditions and severely depressed salmon and steelhead populations.  Habitat degradation caused by cultural practices has been affecting the Grande Ronde subbasin for well over a century.  Loss of habitat productivity as well as other out-of-basin impacts have significantly reduced anadromous fish populations from historic levels.  The impacts are cumulative and have had dramatic effects on the populations.  Mobrand and Lestelle (1997) state that, “Life history pathways associated with spawning reaches in the upper Grande Ronde River show severe declines in potential salmon performance compared to historic levels.  Restoration potential is significant for this subbasin.... groups of fish using these pathways appear to be at extremely high risk of extinction.”

Treatment methodologies presented in Section b. are directly linked to Goals, Objectives, and Strategies listed in the Grande Ronde Subbasin Summary.  This project is tied directly to the various habitat-related goals presented in the Summary.  Because of the lack of integration of multi-agency goals, objectives, and strategies in the Subbasin Summary, we have summarized key habitat related elements below for simplicity.  For a additional detail, please see the Summary.  

The primary habitat related goal in the Summary is to “protect, enhance and restore wild and natural populations of spring Chinook salmon, summer steelhead, bull trout, and other indigenous fish in the Grande Ronde River Basin.  

In the “Statement of Fish & Wildlife Needs” section of the Grande Ronde Subbasin Summary, four primary needs are identified:

1. Monitoring – Monitoring the status of high priority populations and habitat is important to understanding recovery status and focusing recovery priorities and efforts.  Current monitoring efforts should continue and in some case be expanded to meet emerging information needs.

2. Habitat Restoration – Cooperative efforts among landowners, resource mangers and regulatory agencies to restore watershed function should continue.  Restoring Columbia River function may be as important as Grande Ronde habitat to important populations like Grande Ronde salmon and steelhead.

3. In-Lieu-Efforts – In cases where habitat restoration is impossible, or where fish and wildlife productivity is restricted to levels that do not meet reasonable social goals, artificial production efforts (e.g., hatcheries) should be instituted;

4. Evaluation – Restoration and recovery measures implemented should be evaluated to document their success.  An adaptive management approach to implementation should be used to insure activities to meet expectations.
This project directly addresses 3 of the four primary needs in conjunction with other projects and programs within the subbasin through design and implementation of priority habitat restoration and enhancement projects, maintenance of the enhancements to ensure objectives are met and that resource conditions are maintained in an improving trend.  The project also provides monitoring and evaluation of progress towards meeting biological objectives.  In addition, this project is directly linked to the following specific needs: 

General: 1, 2, 4, 5, 7,


Aquatic Habitat (Enhancement): 1, 2, 4, 5, 6, 7, 9, 10, 15, 17, 18




(Monitoring): 2, 5, 6


Planning: 1


Wildlife/Terrestrial



Habitat Diversity: 1, 2, 3, 6



Riparian Communities: 1, 2, 3, 4



Noxious Weeds: 1, 2, 3, 4


Factors Associated with Roads: 1

The National Marine Fisheries Service (NMFS) Biological Opinion regarding operation of the Columbia River Hydropower System, under “Habitat Actions” states that a Basinwide Recovery Strategy should focus immediate attention on priority subbasins with the potential for significant improvement in anadromous fish productive capacity as a result of habitat restoration.  The Grande Ronde Subbasin, although not listed in NMFS Biological Opinion, is a priority subbasin to the CTUIR (CTUIR Salmon Policy, CTUIR 1995) with potential for significant improvement in anadromous fish productive capacity.  Previous habitat assessments (Huntington 1993, Mobrand and Lestelle 1997) indicate that significant improvements could and should be made that will lead to increased fish production and improved water quality.

Action 150 of the NMFS Biological Opinion states, “In subbasins with listed salmon and steelhead, BPA shall fund protection of currently productive non-Federal habitat, especially if at risk of being degraded…” Conservation easements as well as other cooperative agreements with landowners and other agencies are a tool utilized under this project to protect and restore habitat.  

Action 153 of the NMFS Biological Opinion states, “BPA shall, working with the agricultural incentive programs, negotiate and fund long-term protection for 100 miles of riparian buffers per year…”   Our program works closely with the NRCS on site-specific projects involving a variety of federal conservation programs.  Examples include the McCoy Meadows Restoration Project, where the interagency team successfully negotiated a perpetual conservation easement on about 450 acres of historic wetland meadow on McCoy Creek under the Wetland Reserve Program.  Other ongoing examples of these cooperative efforts include the Longley Meadows Restoration Project where the CTUIR and ODFW are developing BPA funded riparian conservation easements on riparian corridors that do not qualify for the federal CREP program.  Areas that will qualify under the CREP program would be enrolled and conserved through non-BPA methods.  Under this project, BPA/GRMWP funds would be utilized to cost-share habitat enhancements including restoration channel development (on channelized Bear Creek), and instream enhancement on other stream reaches.  Ultimately, this project will contribute to the annual goal associated with conservation easements.  

The project contributes to the Northwest Power Planning anadromous fish spawning and rearing habitat as outlined in program measure 7.6 of the Council’s interim goal of doubling anadromous fish runs in the Columbia River Basin by providing offsite mitigation for mainstem fisheries losses caused by the eight dams along the Columbia River hydroelectric system.  This habitat restoration project is a necessary measure to accomplish natural productions goals as outlined in the Grande Ronde Basin Anadromous Fish Production Plan (ODFW and CTUIR, 1990).   Failure to meet biological objectives in the Grande Ronde subbasin will impact the Northwest Power Planning Council in realizing its interim goal of doubling anadromous fish runs in the Columbia River basin by providing offsite mitigation for mainstem fisheries losses caused by the dams that constitute the Columbia River hydroelectric system.  The biological objectives for these species in the Grande Ronde are 16,000 annually returning spring chinook and 27,000 summer steelhead (ODFW and CTUIR 1990).

Habitat restoration and enhancement accomplished under this project is expected to result in the following benefits: 1) increased availability of instream habitat (for projects involving new channel construction to replace channelized reaches); 2) restored wetland meadow complexex and associated water storage capacity (improved summer baseflow) 3) potential decreases in water temperature in individual stream reaches (with decreased width:depth ratios and reconnection of streams to groundwater sources; 4) increased diversity and sustainable native riparian plant communities; 5) stable streambanks; 6) increased shading; and 7) reduced erosion and sediment delivery to fish bearing streams.  Benefits described above will contribute to basin-wide efforts to improve water quality and increasing natural production of fisheries habitat in the subbasin. 

After five years of effort under the project, a total of 11 miles of anadromous fish habitat has been treated, providing direct and indirect benefits to threatended and endangered salmonid fishes as well as other resident and migratory fish and wildlife.  Even with the extensive annual effort undertaken throughout the Grande Ronde subbasin, a tremendous amount of work remains to be completed.  Funding through the NPPC Fish and Wildlife Program for the project will continue to provide the opportunity for the CTUIR participate directly in subbasin restoration efforts and continue coordinating and implementing projects through the GRMWP.  During the FY2002-2004 period, we anticipate development and implementation of 3-5 projects annually, involving enhancement and restoration on an estimated 8-15 miles of critical aquatic habitat.  Continued funding will also provide continued protection, maintenance, and monitoring of 4 existing projects (McCoy Meadows, Cuhna McCoy Creek, Mainstem Grande Ronde, and Longley Meadows Restoration Projects). 

d. Relationships to other projects 
The CTUIR manages fish habitat programs in the Grande Ronde (199608300), John Day (20003100), Umatilla (198710001), and Walla Walla (199604601) Subbasins.  All programs are closely tied in that similar methodologies are utilized to focus on watershed health and riparian/instream enhancement to protect and improve the quantity and quality of salmonid spawning and rearing habitat, and ultimately the restoration of harvestable and sustainable fish populations.  Staff from the four projects communicate regularly and are all centrally located in Mission, Oregon on the Umatilla Indian Reservation in the Department of Natural Resources, Fish and Wildlife Program.  Equipment, vehicles, occasionally staff, and technology are all exchanged on a regular basis to maximize resource benefit in the four basins. 

There are several individual projects funded under the NPPC Fish and Wildlife Program that complement this project including:

The Upper Grande Ronde Habitat Enhancement project (198402500) sponsored by the Oregon Department of Fish and Wildlife (ODFW) has been working cooperatively with CTUIR, other agencies and private landowners on several projects.  Individual projects are led by ODFW with CTUIR participating as project partners (Meadow Creek Habitat Enhancement).  On other projects, the CTUIR is lead and ODFW participates as a project partners.  The partnerships involve staff collaboration of baseline assessments, development of project goals and objectives, and project designs.  Commonly, specific work items are divided and implemented.  Examples include CTUIR taking the lead on prepared various environmental compliance needs (NEPA, Biological Assessment), and preparing construction contracts and ODFW taking the lead on 404 permits, fence construction contract, etc.  Commonly, construction  and planting efforts are jointly implemented as project needs and staffing assignments dictate to ensure sufficient staffing for individual tasks and completion within tight seasonal timeframes for certain restoration actions (i.e., instream work windows, spring and fall planting windows, etc.).

Individual projects of the Grande Ronde Fish Enhancement project are reviewed/rated by GRMWP Technical Review group, and the implementation portion of several projects have been funded through the GRMWP.  The GRMWP fulfills the larger role of overall watershed assessment, relates watershed issues to local cultures and economies, and funds more general watershed/fisheries projects.  This project is consistent with the goals identified in the Grande Ronde Model Watershed Operations - Action Plan (GRMWP 1994), and we believe the two projects complement each other very well.

The Spring Chinook Salmon Early Life History project (9202604) helps identify critical habitat locations and specific spawning, rearing, and overwinter requirements of spring chinook salmon.  The results of that work aid this project by providing data that is useful in prescribing treatments in a given stream reach, and connects research efforts to on the ground projects. 

The Oregon State University Project (BPA Project 2000-051-00) initiated stream restoration monitoring and evaluation on 19 projects including 11 passive and 8 active restoration projects.  The McCoy Meadows Meadow Restoration Project, led by the CTUIR under this project, is currently under evaluation by the OSU research project.   Data collection on channel morphology, streamside vegetation composition and condition, and streamside shade was completed during the 2000 field season with interpretation scheduled for completion in late 2001.  Results of this effort, in conjunction with ongoing project monitoring and evaluation will be utilized to assess project progress towards meeting objectives and whether any adaptive management may be necessary to correct deficiencies or further promote improving resource trends. 

There are also several agencies or programs that this project collaborates with in the subbasin.  For example, the USDA Forest Service, Wallowa-Whitman National Forest, LaGrande Ranger District and the Bureau of Land Management, Baker District have many non-FWP funded habitat policies and programs (such as PACFISH) on federal lands within the basin.  The Environmental Protection Agency and Oregon Department of Environmental Quality also contribute funding from various sources that address state or federal water quality standards in this basin.  In addition, the COE and the Oregon Division of State Lands (ODSL) enforce the fill/removal laws in the waters of the state; project personnel must be knowledgeable of these regulations and fill out necessary permits to complete projects involving instream work.  Other programs or agencies include: Ongoing interagency cooperation occurs between this project and local watershed councils, Soil & Water Conservation Districts, the Natural Resource Conservation Service, Oregon Department of Forestry, Oregon Department of Transportation, and other organizations or groups. 

e. Project history (for ongoing projects) 

Past Costs and Cost Sharing: This project has been in progress since for 6 years (since 1996) and has completed designs and implementation on several major projects in cooperation with multiple landowners and agencies.  Annual project budgets have averaged about $136,000 and ranged from a high of $200,000 in 1999 to a low of $61,000 in 1996 when the project first began under the 1996 Early Action Project solicitation process.  The project has been successful in forming partnership and cost-share efforts amounting to approximately $987,000 during the 6 year period with multiple entities such as ODEQ/USEPA (319 Clean Water Act Grant Program), USFWS (Partners in Wildlife) GRMWP, NRCS (WRP, WHIP, CREP), ODFW, NAWCA, and Union County. 

Project achievements to date include treatments on over 10.5 miles of priority stream in the Upper Grande Ronde watershed.  Project partnerships have resulted in over 450 acres being permanently protected on McCoy Meadows.  The project has collaborate on individual projects sponsored by ODFW (Meadow Creek) and is in the process of establishing additional conservation easement areas on the Cuhna McCoy Creek Project (approximately 300 acres) and Longley Meadow Restoration Project (over 280 acres).  The project has been responsible for installation of over 40,000 trees and shrubs and conducted natural channel designs in cooperation with project partners on one of the largest projects in the upper watershed (McCoy Meadows).  Objective assessment of individual projects is ongoing and monitoring results are demonstrating positive trends in resource conditions.  In many cases, objectives have been achieved or are moving towards DFC as defined in individual project restoration plans. 

Monitoring:  Ongoing monitoring and evaluation efforts have documented a variety of habitat improvements including: 1) doubled channel length of McCoy Creek in McCoy meadows with an increase in natural channel function and reconnection of the stream to groundwater as evidenced by a 5 degree F reduction in water temperature within the upper meadow, phase 1 reach; 2) an increase in rainbow/steelhead trout composition in McCoy Creek from 5.5% in 1988 to 21.6% in 1997 (McGowan 1997); 3) increased hydrophytic vegetation and narrowing and deepending of stream channels, increased streambank stability, and increased instream habitat complexity (McCoy Creek, Mainstem Grande Ronde River, Meadow Creek).(unpublished riparian habitat transect data, and project photopoints).

Additional monitoring and evaluation efforts are currently ongoing on several restoration projects under separate NPPC project by  Oregon State University.  Survey data has been collected from numerous sites throughout the basin and data is being tabulated and interpreted.  Results of this research will be published in scientific journals and incorporated into individual projects to help identify adaptive management needs.  

Following are some highlights of previous project accomplishments:

McCoy Meadows Restoration Project Area
The McCoy Meadows Restoration Project is located on the approximate 2,500 acre McCoy Meadows Ranch in the lower reaches of the Meadow, McCoy, and McIntyre Creek subbasins of the Upper Grande Ronde River Basin.  The ranch encompasses about 2 miles of McCoy Creek, 1 mile of McIntyre Creek, and 4 miles of Meadow Creek. 
Ongoing monitoring and evaluation efforts include photo points (both aerial and ground-based), water quality under the USEPA 319 program in conjunction with ODEQ, groundwater elevations (35 wells monitored by NRCS/private landowner), vegetative transacts and plots (CTUIR and OSU), channel morphology (cross sections, longitudinal profile, and channel geometry, and biological monitoring (juvenile fish population/redd surveys), as well as various point/nesting bird counts (yellow warbler nesting surveys by EOSU and western bluebird nest box surveys by private landowner and various education groups).  The Oregon State University Project (BPA Project 2000-051-00) initiated stream restoration monitoring and evaluation on 19 projects including 11 passive and 8 active restoration projects.  The McCoy Meadows Meadow Restoration Project, led by the CTUIR under this project, is currently under evaluation by the OSU research project.   Data collection on channel morphology, streamside vegetation composition and condition, and streamside shade was completed during the 2000 field season with interpretation scheduled for completion in late 2001.   The OSU effort will help supplement ongoing vegetative analysis ongoing by CTUIR involving vegetation stocking plots on previously planted areas within the project area.

Various monitoring efforts are in different stages of development by the multitude of agencies involved.  A comprehensive compilation of the various results we have observed to date is ongoing and will be finalized in upcoming annual reports.  The following provides an update on new developments as well as progress on accomplishments to date.

Phase 1 Restoration (1997-1999):  In July, 1997 the McCoy Meadows design team initiated the first step in restoring the natural character and function of McCoy Meadows by reintroducing McCoy Creek into a pre-1977 stream channel, planting thousands of riparian shrubs and trees, and filling old drainage ditches in order to allow spring runoff to flood the meadow and restore groundwater storage.

In 1997, over 1,200 linear feet of stream channel was restored above pre-project, channelized conditions.  An additional 1,800 linear feet of existing stream channel (utilized by McIntyre Creek following 1977 channelization efforts) was enhanced by increased summer baseflow provided by McCoy Creek.  In dryer years, this stream segment provided intermittent stream flow. Channel gradient in the phase 1 project reach decreased from approximately .7 feet/100 feet to .5 feet/100 feet along the main McCoy Creek segment with a corresponding increase in channel sinuosity from 1.08 to 1.33.  Channel gradient in the restored channel of .3 feet/100 feet compares favorably to the channelized section, which had a gradient of .8 feet/100 feet.  Sinuosity of the restored channel is also much greater--1.52 compared to 1.01 in the channelized segment.  Physical habitat conditions in the restored channel segments also compare favorably with channelized segments.  Pool habitat availability has increased to over 50 percent compared to less than 12 percent in channelized segments, average pool depth is greater in the restored channel (by up to 40 percent), the width to depth ratio has decreased by an estimated 45 percent, and streambank stability is roughly 60 percent greater in the restored channel compared to channelized segments (ODFW Aquatic Habitat Inventory, July 1998, Appendix B).  Stream shade provided by vegetation on restored stream segments is currently similar to channelized segments.  However, we anticipate stream shade to increase dramatically over the next decade over pre-project conditions due to decreased width:depth ratio and aggressive natural recolonization of streambanks by hydrophytic rushes and sedges.
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June 1998 Aerial view of Phase I project implementation.  McCoy Creek was partially diverted in 1997.  Rock structures installed at diversion point (center-upper of photo) was set at grade to split about 300 cfs down the new channel.  The channelized reach is temporarily functioning as an  overflow channel to provide recovery time in the restored channel segments.   This aerial photo of upper McCoy Meadows, taken in June, 1998 illustrates restored meander channel and channelized section.
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The above photo provides a downstream view of the McCoy Meadows Meadow Restoration phase 1 project area.  Note channelized reach on right side of photo and reconnected meander channel on left.  The center-left portion of the photo shows the confluence of McCoy Creek with McIntyre Creek.  In July 2000, the channelized stream segments will be rehabilitated by filling portions of the channel and recontouring streambanks to develop ponds and wetland areas.
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McCoy Creek 1997-98 Diversion Structure
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New McCoy Creek channel during spring flow event in 1998 following 97’ Phase 1 Restoration Project.
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Channelized McCoy Creek downstream from diversion.  Rock structures in middle-ground installed to trap sediment and aggrade stream channel in preparation for reclamation.  

Water quality in the restored channel reach has been positively influenced by project activities.  During the summer of 1997 following channel relocation, water quality monitoring data illustrates that water temperatures decreased by an average of 60F (Fahrenheit) compared with the channelized stream segments located upstream from the project area.  Water temperature cooled down as it traveled through the restoration reach and increased in downstream channelized segments.  In addition, data illustrates that diurnal temperature fluctuations were moderated in the project reach compared to channelized reaches.  Grab samples of water temperature in the restored channel also demonstrated 100F degree cooler water in both pools and backwater areas along the restoration reach compared to channelized segments. During the summer of 1998, water temperature data was similar to 1997 data.  Maximum water temperatures in the restored channel segments reached 78.8oF (260C) during July compared to maximum temperatures of 84.20F (290C) in the channelized segments downstream from the phase 1 project area which illustrates a 5.40F temperature difference.  A very similar trend has continued since 1998 with a general cooling trend through the phase 1 project area and rapid water temperature increases in the lower meadow downstream of the phase 1 restoration reach.   (ODEQ, 2000).
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Stream segment  is part of the historic (pre-1977) McCoy Creek, which flowed intermittently prior to the 1997 restoration effort. Extensive recovery of rushes and sedges prominent.

The following figure illustrates parameters of water temperature, width:depth ratio, and trout abundance in the restoration reach along Upper McCoy Creek compared to segments upstream and downstream of the 1997 and 1998 restoration project area (ODEQ, 1999).
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Overall, reintroduction of McCoy Creek into the pre-1977 channel segments under phase 1 of the project has initiated improvement in water quality and fish habitat compared to pre-project conditions.  The influence of increased groundwater storage in conjunction with a significant decrease in the width to depth ratio and an increase in average depth has initiated an improving trend in water quality and moving the upper project area towards the DFC. We anticipate these conditions will continue on an improving trend in the restoration reach with additional groundwater storage (as more meadow floodplain is reactivated), increased shade provided by restored native riparian and wetland plant communities, and an increase in average depth resulting from continued beaver activity.

Phase 2 (Lower Meadow Restoration), 2000-2001:  During the 2000 field season, approximately 8,000 linear feet of new channel was excavated in lower McCoy Meadows and reclamation of most of the abandoned channel in the upper meadow completed by constructing  a series of off-channel ponds.  In addition, the 97’ diversion structure was completed by back-filling the log debris/rock structure with native soil to form a contoured streambank.  During late fall 2000, outside meanders, point bars, and transition zones were mechanically planted (using dormant, livestake willow spp.) with a stinger mounted on a small track-mounted excavator.  A temporary irrigation systems was installed to provide water during the 2001 summer season in preparation for diversion of McCoy Creek into the restoration channel in July 2002.  In addition, a new crossing on McCoy Creek to replace an undersized culvert is under presently under construction.
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Pre-Phase 2 Project Area, McCoy Meadows
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Phase 2 Channel Construction.  October 2000.

Phase 3 (2002):  Phase 3 consists of connecting the new channel segments together and diverting McCoy Creek.  Diversion is scheduled for July 2002 following salvage of fish from the lower segment of McCoy planned for abandonment.  Additional revegetation efforts consisting of installation of bareroot willow stock and whole willow/salvage throughout the restoration reach.  In addition, once diversion is completed, reclamation of the approximate 1 mile abandoned channel will begin, similar to reclamation efforts implemented under phase 2.

The interagency project team has been evaluating our M&E efforts during the past few years and all agree that our current monitoring and evaluation efforts for water quality and groundwater is not sufficient to accurately portray the interaction of groundwater-surface water interactions and the microhabitat effects provided by groundwater discharge throughout the project reach.  Efforts are currently underway to increase water quality and groundwater data collection to better assess project effectiveness and to increase our understanding of the importance of wet meadows in watershed restoration and recovery of endangered salmonids.  

Part of this effort includes recent collaborative efforts with OSU to establish two stage recorders in the middle and lower McCoy Meadow complex to assess anticipated hydrologic changes that will be important to the goals of the restoration project including 1) increased retention of stream flows, both as increased ground water recharge and surface retention in wetlands during periods of spring floods, and 2) subsequent increases in stream flows as the water retained earlier is returned to active streams during periods of lower flows. Monitoring of streamflow will be conducted for two spring seasons and one summer/fall season prior to the diversion of the McCoy Creek into the restoration channel in 2002.  Following diversion, OSU will monitor inflows and outflows in the restoration reach for an additional two years. Monitoring will be continuous and the data will quantify the changes in retention and return flows brought about by the restoration project. The ultimate goal will be to combine these data with other data on ground water levels to develop an integrated surface-ground water hydrologic model of the McCoy Meadows area.

An example of what we expect to measure is illustrated by the hydrograph below, which shows stream flows into and out of a small river basin in Colorado
. As indicated, stream flows into the basin exceeded outflows during the snowmelt period (weeks 11 to 22). But inefficient irrigation by wild flooding during the spring caused a significant fraction of the surface flows to be retained in the basin. Late in the summer and through the fall when inflows are at a minimum (weeks 34 to 52), the water retained earlier served to enhance flows in the river, hence basin outflows then exceed inflows. In fact, outflows were increased by about 50% as a result of the earlier streamflow retention. Though this example involves a different process of streamflow retention, i.e. flood irrigation as opposed to channel restoration, the hydrologic effects should be essentially the same; reduced peak flows during spring floods and increased base flows the rest of the year.  Though projects such as the McCoy Meadows Project have been proposed and implemented before, little or no hard data have been obtained to quantify the increased basin retention that may be accomplished. The purpose of this monitoring effort is to quantify that benefit.
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Meadow Creek Habitat Enhancement Project:  Cooperative project involving private landowner ODFW, CTUIR, and GRMWP.  During 1998-99 field seasons ODFW established a 136 acre riparian conservation and constructed 3.9 miles of exclosure fence.  ODFW and CTUIR jointly accomplish physical habitat improvements including: installation of  115 large-medium pieces of wood were placed at 25 work sites, 88 of which were whole conifer trees with root wads attached.  Trees ranged in size from 9-30 inches in diameter, and 35-100 feet in length.  An additional 596 pieces of small wood were placed, with the vast majority of this wood coming from unburned slash piles from a recent logging operation.  Approximately 2,100 feet of old railroad grade was decommissioned and recontoured into the floodplain.  Additionally, a rocked stream ford was constructed to maintain access to the property and 10,000 trees were planted.

Resource conditions are currently in an upward trend with increased channel complexity, improved channel-floodplain interaction, excluded livestock grazing, and moderately successful artificial revegetation efforts.  Estimated survival of planted stock is approximately 40% overall with highest success rates occurring in areas containing existing tree canopy, which provides shade and higher soil moisture content than adjacent non-forest areas.  Field observation also indicates slow, but steady increases in hydrophytic vegetation such as rushes, sedges, and willow communities.  ODFW is the lead entity of monitoring results on the project with CTUIR assessing success on planting units within the project area.  Unpublished vegetation monitoring results indicate and approximate overall 40% survival rate of conifers with survival on individual units in the 60-70% range.  Key factors limiting survival include: lack of summer soil moisture, limited microsites to select for planting (areas in floodplain where existing wood/trees provides shading and soil moisture), and wild ungulate damages (elk trampling, pulling shade cards, etc.).
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Meadow Creek Habitat Enhancement Project.  Large wood additions to enhance instream habitat complexity

Cuhna McCoy Creek Habitat Enhancement:  Project implementation is currently underway with approximately 2 miles of natural channel/large wood additions completed to date.  Approximately 2,000 feet of old railroad grade obliterated/recontoured in June 2001.  Approximate 300 acre riparian conservation easement under negotiation with landowner.  Follow-up treatments include continued livestock exclusion, tree and shrub planting, soil stabilization seeding on disturbed areas and additional natural channel design, large wood additions.  Pre-project photo points and vegetation plots/transects established.  ODFW conducted EPA streambank stability classification on 3.9 miles of McCoy Creek within project area.
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Woody debris additions to existing debris jam creates high quality juvenile rearing habitat
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Cuhna McCoy Project Railroad grade pre-project.  June 2001
Post-project railroad grade obliteration.  June, 2001

Mainstem Grande Ronde Habitat Enhancement (Phase 1 & Phase 2)/Longley Meadows Restoration:  Project involves about 6 miles of the mainstem Upper Grande Ronde River in the Bird Track Springs/LaGrande Gunclub reach.  Two private landowners, and multiple agencies (CTUIR, ODFW, NRCS, USFS) are project partners with the CTUIR in the lead role.  Expansion of the Longley Meadows Restoration Project, spearhead by CTUIR and ODFW provides expansion of the project onto one of the largest wetland meadow complexes in the middle mainstem reach.  The 1,500 acre privately owned ranch encompasses about 3 miles of the Grande Ronde, 3 miles of Jordan Creek and about 4 miles of Bear Creek.  Historically, the meadow provided over 400 acres of palustrine emergent wetland and high quality fish and wildlife habitat.  Key resource objectives in the area include restoring natural stream channel function and improved interaction of streams the expansive floodplain, improved rearing and holding habitat for juvenile and adult salmon and steelhead, improved water  quality (decreased temperature and reduced sediment), and potential increased storage capacity of the meadow complex.  Current conditions include unstable channel morphology (as a result of historic activities associated with splash dam logging, timber harvest, railroad grade development, channelization and flood control, and livestock grazing.  Project includes establishing conservation easements under ODFW/CTUIR/BPA projects and NRCS CREP program on approximately 280 acres of Longley Meadows.

Phase 1 of the mainstem project was initiated on a 1.5 reach from the confluence of Bear Creek upstream to Bird Track Springs on National Forest System lands.  Phase 1 included adaptive management and modification to instream structures installed by USFS in the early 1990’s, and natural channel designs.   Under phase 1, approximately 80 whole trees, 8 vortex rock weirs, and 6 rock barbs were utilized to restore channel morphology and enhance instream fish habitat.  Approximately 2,000 feet of old railroad grade was obliterated and over 6,000 trees and shrubs planted to facilitate vegetative recovery.

Ongoing M&E includes photo points, channel cross sections and longitudinal profile, juvenile fish surveys (snorkeling) to determine usuage, and riparian transects and plots to monitor recovery of plant communities.  Post Phase 1 project inspection indicated the majority of structures and stream reaches were functioning as planned.  However, some limited maintenance was required to modify individual structures to better achieve objectives.  Additional monitoring efforts are currently being considered and will be weaved in to the Longlely Meadows Project.  ODFW and CTUIR recently completed a comprehensive topographic survey of the meadow complex to assist in project designs.  Survey grade gps equipment provided by ODFW was also utilized to establish permanent channel cross sections and longitudinal profiles on the Grande Ronde, Bear Creek, and Jordan Creek. 
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Mainstem Grande Ronde Ehancement Project Phase 1 Photo Point.  Streambank stabilization using rootwad revetments and bioenginnering to meet landowner and natural channel design objectives.  October 1999.
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Mainstem GR Photo Point.  June 2001.  Photo point illustrates results of aggressive bioengineering and revegetation efforts.
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Mainstem Grande Ronde Project – photo illustrates woody debris jam  used in conjunction with natural channel design.  Debris jam installed on point bar to encourage meander formation, reduce velocities, and develop point bar.

Reporting:  Quarterly and annual reports are distributed to other Tribal programs, BPA, and other interested parties on a regular basis.  Project tours are also annually conducted on individual projects and progress reports are provided to the GRMWP. 

f. Proposal objectives, tasks and methods
The overarching project goal is to improve habitat conditions and natural production of anadromous salmonid resources in the Grande Ronde subbasin.  Habitat restoration and enhancement objectives include: 1) protect habitat by working with private landowners and establishing resource conservation easements where feasible; 2) restore floodplain function and accompanying instream and riparian habitat; and 3) improve water quality (decrease water temperatures, sedimentation, etc).  
Planning and Design

Objective 1
Develop, plan, and design habitat restoration projects to address watershed limiting factors and benefit indegenous fish and wildlife resources.

a.  Continue working with private landowners and multiple resource agencies (GRMWP, ODFW, NRCS, USFS) to develop project opps.  Task includes meeting with landowners and interagency coordination.
b.  Conduct office/field review of project areas: compile existing data, watershed assessment, identify data gaps. Establish project goals & objectives/desired future conditions.  Compare existing  conditions with DFC, identify actions to to achieve DFC.
c.  Identify data gaps, conduct necessary field surveys to doc existing conditions/fill data gaps.  Surveys may include Rosgen level 2 survey, hab survey, streambank stability assessment.
d.  Conduct design analysis (natural channel designs, wood additions, reveg plans, road drainage work, etc)

e.  Develop grants/proposal and seek cost share funding GRMWP, OWEB.

f.  Participate in technical committee project review and prioritization process for GRMWP.

g.  Prepare/coordinate development of NEPA documentation, Biological Assessments under ESA for T&E species and cultural resource investigations.  Consult with appropriate federal agencies on individual projects

h.  Prepare documentation and checklists to cover project level DSL/Corps 404 permits, etc.

i.  Prepare construction contract requests for bids, conduct project site reviews, develop construction contracts, perform as contract representative/COTR (heavy equipment rental, fencing, rock/tree materials, weed control).

Construction and Implementation

Objective 1
Implement fish habitat enhancement and restoration actions including passive and active methods to improve anadromous fish habitat and water quality

a. Implement natural channel design/large wood additions on 3 miles Upper McCoy Creek. 1.5 miles Meadow Creek and 2 miles of Syrup Creek.  Syrup Creek flows into middle McCoy within the Cuhna McCoy Creek enhancement project (CTUIR and ODFW).  Limiting factors include braided channels, high bedload transport, high water temperatures, and lack of perennial stream flow.  Lower Meadow Creek limiting factors include high summer water temperatures, straighted/braided Rosgen A channel type and poor riparian condition are key limiting factors.      
b.  Recontour/olbiterate and grade segments of old railroad grades along major fish bearing stream to reconnect streams to their floodplains.  Work conducted in concert with d., below.

c.  Work cooperatively with 1-3 private landowners to secure riparian conservation lease agreement(s).  Install riparian/floodplain livestock exclosure fencing to protect riparian/floodplain habitat and promote natural recovery.  Potential 1 mile middle McCoy Cr. Need.

d.  Collect, propagate, install, and protect riparian/floodplain trees and shrubs to restore vegetative cover, shade, and streambank stability. Estimated 10,000-20,000 stems planted annually in conjunction with tasks above on individual project areas.

Operations and Maintenance
Objecive 1
Administer CTUIR Grande Ronde River Basin Watershed Restoration Program

1a. Prepare GRMWP proposals, budgets, scope of work (2-3 projects annually), reporting M&E
1b. Develop annual contract and scope of work with BPA COTR
1c.  Prepare annual/semi annual reports per contract agreements.
1d.  Hire and train staff.

Objective 2
Conduct Annual Project Maintenance Activities

2a.  Conduct annual maint on riparian revegetation efforts four projects (McCoy/Meadow complex, Mainstem/Longley Meadows).  Activities include erecting/replacing shade cards/protection tubes/fencing, interplant to achieve reveg objectives, and limited watering.

2b.  Conduct annual weed control as necessary to control noxious weeds and competing vegetation.  ( manaul control, limited herbicide app., and biological controls (coord with local weed agent).

2c.  Conduct annual maintenance on fences and other riparian developments (fence/crossing repair and maintenance, water developments, and channel assessment/mod as necessary.  

Monitoring and Evaluation

Objecitve 1
Conduct Monitoring and Evaluation to assess progress towards goals and objectives and to identify adaptive management needs.
a.  Take 60 annual photo points on McCoy, Upper McCoy, Mainstem, and Longlely Meadows Projectss.  Compile, label, and catalog photography in monitoring albums.
b.  Survey transects and plots on various projects to assess stream channel and vegetative response/survival.  Approx 10 transects and 25 plots.  Coord with OSU on ongoing research (Mccoy Meadows & other GR projects).

c.  Conduct/participate in annual redd surveys, juvenile fish population surveys, fish habita surveys, channel cross section/total stations, and groundwater monitoring (coord ODFW & CTUIR natural production and habitat programs.
d.  Conduct/participate in annual water quality monitoring programs, including water temperature and chemistry.  Install and collect data on 6-10 thermographs annually (Coordinate ongoing ODEQ basin-wide NPS M&E and annually supplement for site specific data (McCoy Meadows, Upper McCoy, Longely Meadows).

Methods: In FY 2002-2006 we will continue working cooperatively with landowners to protect riparian and instream habitat on selected streams.  This will be accomplished through a combination of methods.   

Channel stability and enhanced riparian and floodplain conditions will be improved through several methods: 

· Creating naturally stable channels where anthropogenic impacts have resulted in unstable channel forms (Rosgen 1996);

· Conducting aggressive revegetation efforts where necessary to promote healthy riparian zones and floodplains. 

· Installing large wood and/or boulders in stream channels to increase habitat diversity;   

· Maintaining, improving, or modifying existing structures and channel reaches based on function and increasing trends in habitat conditions.

· Protecting and enhancing floodplains and riparian/wetland areas by excluding livestock, working to improve grazing practices in both riparian and upland areas, and addressing upland problems such as erosion/sediment delivery to streams.   
· Developing off channel water sources for livestock/wildlife.
· Planting native shrubs and trees and seeding appropriate mixes of grass/forb seed to provide groundcover and minimize weed invasions and erosion 
· Controlling noxious weeds.
· Conducting annual inspections, coordination with private landowners, project partners, and other agencies.
Additional detail on methods and justification for the methods are presented in Section B above, under Technical and/or Scientific Background.  Additional M&E methods are described below. 

Monitoring and Evaluation

Monitoring and evaluation of individual projects is conducted either independently by the CTUIR or jointly with project partners depending on the project.  Monitoring and evaluation efforts include annual photopoints, video, installation of water quality monitoring devices, channel cross sections, longitudinal surveys, fish population and habitat surveys, stocking/census surveys on revegetation efforts, and groundwater monitoring.  Public tours, workshops, and presentations of individual projects will continue to be conducted.  These activities provide for the discussion of various approaches, restoration techniques, successes, failures, and ultimately adaptive management.

Water Temperature Monitoring – water temperatures are monitored with Onset thermographs.   Thermographs collect maximum, minimum, and mean daily temperatures from May 1 through October.  In some cases, winter temperatures may also be monitored.  Temperature data is useful in demonstrating changes within project areas as well as identifying habitat-limited areas.  Water temperature data is collected annually on the McCoy Meadows Restoration Project.  Additional thermographs are planned for installation on the Cuhna McCoy, Mainstem, and Longley Meadows Restoration Project areas.  

Longitudinal and Channel Cross Section Surveys – Longitudinal data is collected by walking the length of the stream, categorizing habitat types (pools, glides, riffles, runs) and taking elevation points either with a lazer level or, preferably, with survey grade geographical information system (GPS).  Cross section data is collected on individual permanent monitoring stations.  The number of cross sections is determined on a project by project basis based on project length and channel diversity.  Transects are established perpendicular to the streams thalweg and extend outward from center channel to adjacent terrace at a point above and beyond the bank-full channel width.  Transect are established in stream reaches representative of difference habitat types.  Data is utilized to monitor geomorphic changes in project channels or time.  A narrowing and deepening trend is most desirable for quality aquatic habitat, water quality, and channel stability. 

Photo Points – Both ground based and aerial photography are taken at scheduled time periods on individual projects.  A combination of both ground-based and aerial photo points are established primarily on project area involving large-scale meadow restoration and new channel construction, whereas ground-based point points are utilized on riparian exlosures and smaller restoration efforts involving both passive and actives restoration methods.  A combination of slides, print film, and digital photos are taken annually at permanent monitoring points.   Photo-points are taken annually with a 35-mm camera and a standard 50-mm lens.  Project photo point albums are maintained at the CTUIR Fisheries and Wildlife Offices.  

Fish Population Surveys - Fish population assessments are normally conducted in cooperation with ODFW and include use of a backpack electroshocker and or snorkeling.  Methods are those adopted by ODFW.  Fish population monitoring is conducted on nearly all restoration projects, normally in cooperation with ODFW personnel.  Surveys are conducted pre-project implementation (generally in September) and then once every three years.  Data is utilized to better understand the effects of habitat restoration on species composition, length frequency, and changes in abundance.

Rosgen and Fish Habitat Surveys – Individual subwatersheds have had previous habitat surveys completed using ODFW protocol (modified Hankins and Reeves), although work remains on private land stream reaches (i.e., middle McCoy Creek, lower Meadow, lower Jordan and Bear Creek).  Rosgen level 2 surveys (Rosgen, 1992) are limited to individual project reaches and are necessary in some form on all projects.  Data collection includes channel typing, bankfull measurements, and assessments of other physical features including valley form, floodplain and riparian condition, channel/valley gradient, sinuosity, and meander widths.   
Vegetation Surveys – Monitoring plots and transects are utilized to monitor vegetation response to project activities.  Square meter plots are utilized to detect changes in plant community composition.  For example, floodplain treatments are expected to increase composition of hydrophytic vegetation.  Banded transects are utilized on streamside planting areas to conduct annual census on plant survival and growth. 

g. Facilities and equipment
As a full service Tribal Government, the CTUIR possesses a full range of support facilities and services necessary to implement and manage a project of the magnitude of Rainwater, including both technical and administrative staff.  Tribal government offices have been consolidated in recent years within a series of buildings in the Tribal Government Complex near the Umatilla Reservation center where other community facilities are located.  The Tribal Wildlife Program is located in an office complex with the Tribal Fisheries Program.  Our building contains sufficient private and shared office space for both existing and future professional and management staff, a fully equipped secretarial services center, a conference/meeting room, library, and supply storage space.  

Tribal offices are electronically interconnected through a LAN network, and feature modern Pentium computer work stations for each existing staff member.  Current software capabilities include extensive word processing, spread sheet, data base development and management, and GIS (ArcView) capabilities.  In addition, several General Service Administration (GSA) vehicles (primarily 4X4 trucks) and All Terrain Vehicles and trailers are available to Wildlife Program staff. Field and sampling equipment has previously been secured to conduct HEP evaluations and monitoring and evaluation.

Office and storage space is currently being secured in Dayton, Washington in cooperation with the WDFW to provide facilities near the project area.  The onsite caretaker will be stationed in Dayton to provide day-to-day administration of the project.  Seasonal work crews will camp on the property using program RV’s, tepees/wall tents during spring and summer periods.

Heavy equipment needs for project maintenance such as tracked excavators/backhoes and similar equipment will generally be contracted.  Government surplus equipment such as water pumps, etc will be pursued to limited program expenses. 
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Section 10 of 10. Key personnel

All CTUIR Department of Natural Resource staff funded under this project are professionally trained and meet standard job descriptions (professional and technical grade and series requirements) established under the CTUIR Personnel Policy and Procedures Manual (under current revision, 1998).  Tribal staff involved in implementing the work identified under this proposal includes biological, technical, and administrative staff.

Name: Carl Scheeler

Title: Wildlife Program Manager

Months funded this project: 1

Education: BS Wildlife, 1985, Oregon State University

Experience: 17 years fisheries/wildlife experience; 14 years CTUIR Wildlife Program Manager; expertise in multi-project development, coordination, and oversight.

Name: CTUIR Technician Staff

Title: Wildlife Technicians

Months funded this project: 12

Education: Min. High School Diploma

Experience: 5 years fish and wildlife habitat enhancement/restoration project implementation, fish and wildlife habitat surveys.

Name: Allen Childs

Title: Wildlife Biologist, Project Manager

Months funded this project: 6

Education: BS Wildlife Management 1989 Eastern Oregon State University; A.S. Natural Resource Science/Fish and Wildlife Management 1985, College of Eastern Utah.

Experience: 15 years fisheries and wildlife biologist experience; 7 years fish and wildlife habitat enhancement/restoration program development/management.

ALLEN B. CHILDS

Statement of Qualifications

Address







Telephone
P.O. Box 638







(541) 278-5298

Pendleton, Oregon 97801





AllenChilds@ctuir.com
EDUCATION

1985‑89
Eastern Oregon University; Bachelor of Biology/Wildlife Management Degree with major course of study in wildlife biology, terrestrial and aquatic ecology, zoology, and biochemistry.  Elective course work in rangeland sciences, environmental chemistry, statistics, and technical report writing. 

1983‑85
College of Eastern Utah; Associate of Science Degree with studies focused on general education, electives in natural resource areas such as ecology and animal physiology. Other electives included technical report writing and creative writing. 

PROFESSIONAL WORK EXPERIENCE IN NATURAL RESOURCES

Confederated Tribes of the 

Umatilla Indian Reservation

Supervisory Wildlife Biologist

April 1993 to Present
Responsibilities: Lead project biologist for development and implementation of Tribal Columbia Basin Wildlife Mitigation Projects. Responsibilities include: identification of project opportunities, land acquisition, management plan development, baseline resource assessments, field surveys, monitoring and evaluation, environmental compliance (NEPA/SEPA, ESA consultation, hydraulic permits, State Forest Practice Act permits, etc), restoration designs and implementation, subcontracting and inspection, and administration activities (budgets, workplans, annual reports, etc.  Responsibilities also include performing as lead project biologist on Upper Grande Ronde fish habitat restoration project development and implementation.  Responsibilities include preparing grant proposals, budgets, associated scopes of work, development of resource conservation agreements with private landowners, coordinating multiple agency project design teams and participation as resource specialist in restoration/enhancement designs, contract representative on behalf of the CTUIR, and primary construction inspection.

USDA Forest Service

Wallowa-Whitman National Forest

LaGrande Ranger District

Natural Resource Planner/

Wildlife Biologist

3502 Highway 30

LaGrande, Oregon 97850

December 1989 to April 1993
Responsibilities: Led interdisciplinary team analyses as project leader for a variety of land and resource management projects ensuring consistency with the National Environmental Policy Act (NEPA), National Forest Management Act (NFMA), Endangered Species Act (ESA), and other state and local laws and regulations governing natural resource management on National Forest Lands.  Facilitated environmental planning process and drafted and completed numerous NEPA documents including Environmental Assessments and accompanying Findings of No Significant Impacts (FONSI) and Environmental Impact Statements and accompanying Records of Decision (ROD) for a wide variety of projects including timber sales, wild and scenic river evaluations, mining operating plans, range allotment management plans, special uses, and fish and wildlife habitat enhancement and restoration projects.  Facilitated public, state agency, and tribal government correspondence on program work and individual projects in the spirit of NEPA to inform and solicit comments from groups concerned about national forest management.  Processed environmental appeals, prepared appeal records, and documented process.
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		12074		16375		22516

		10397		11884		22448

		10104		9803		21400

		8916		8502		16232

		9132		8346		15414

		7843		7748		14230

		7275		6750		13067

		7076		7534		12431

		6825		8407		12404

		6556		8306		12404

		6147		7900		9462

		5608		7886		142

		5025		7540		142

		4989		7637		142

		4736		7069		142

		4558		6603		142

		4326		6366		142

		4227		5564		142

		4148		5643		142

		4174		5710		148

		3867		5413		236

		3851		5318		236

		3873		5011		236

		3936		4928		236

		4176		5071		236

		3807		4924		236

		3588		4734		236

		3737		4605		236

		3579		4495		236

		3238		4316		236

		3401		4604		236

		3584		4798		236

		5520		6215		439

		8826		8142		1122

		14300		12250		1312

		26252		18523		2468

		28532		20275		4633

		38479		25384		5992

		39479		25364		8441

		57471		44530		9624

		75262		66488		9685

		62418		54549		10091

		50145		47560		21637

		37713		34393		23787

		42095		43065		22928

		46914		47144		22739

		38214		43164		22550

		27197		30611		22015

		23708		27819		21555

		16912		20354		20888

		12919		15305		18972

		10217		11759		17531

		8541		9750		17240

		7471		9140		17098

		7423		8954		17071

		8684		10054		10280

		8303		10264		2982

		8690		10690		1230

		8583		10049		622

		12385		14177		358

		12626		15187		331

		12187		15127		304

		9712		12682		0

		6730		10102		0

		6431		9387		0

		5964		8425		0

		5952		8128		0

		5425		7762		0

		5180		7609		0

		5001		7374		0

		4883		7332		0

		4528		6736		33

		4160		5988		236

		3808		6110		236

		3851		6019		236

		3651		5758		236

		3590		5641		236

		3541		5580		236

		3598		5520		236

		3744		5378		236

		4220		5580		236

		4362		5924		236

		5528		7166		236

		6204		7845		236

		6912		8314		886

		6189		8094		2509

		8770		9930		2509

		8964		10298		2590

		13680		13947		2651

		22643		19034		9726

		44643		35680		21122

		77101		57816		24403

		101571		78606		25803

		86649		64568		25769

		80515		65716		24870

		67455		52252		24558

		91084		76032		23456

		73620		69340		22597

		54686		48292		20703

		36655		38551		19756

		24833		25997		19364

		18163		19840		19181

		15587		14236		17064

		12888		13218		16090

		11249		10266		15394

		11278		11484		12499

		11676		11233		6905

		15014		18083		946

		19418		24057		906

		12996		17226		946

		9108		13226		804

		8564		12448		0

		9310		13430		0

		8538		11831		0

		8074		11242		0

		7439		10086		0

		7219		9763		0

		7451		9702		0

		7791		10280		0

		7365		10138		0

		7162		9870		0

		6748		9296		0

		6624		9387		0

		6391		9294		0

		6130		8514		142

		6330		10371		142

		6655		8680		142

		6312		8263		142

		6295		8538		142

		6083		8318		142

		6061		8429		142

		5938		8098		142

		5880		7803		142

		5487		7845		142

		5897		7762		142

		6239		8522		142

		8510		11726		148

		10571		10995		189

		19929		20731		270

		23368		26611		757

		18826		20473		757

		26556		23265		17030

		32868		21661		19783

		35640		24908		21887

		35181		24691		25844

		51935		40471		26777

		62952		47084		26703

		65793		58014		27027

		98007		87080		27304

		83229		79378		25735

		48093		48649		23984

		52736		39461		22191

		28817		28373		22428

		22240		22592		20750

		17664		14830		19614

		16165		11904		17585

		11216		9257		16476

		11880		10035		16138

		12498		11884		15759

		14040		13955		15455

		9039		12201		15434

		7569		10743		15299

		6906		9185		14163



Total    Inflow

Total   Outflow

Irrigation Diversions

Week number (1965 -  1972)

Weekly totals (acre feet)

Roaring Fork Basin 
Total Inflows and Outflow
19XX - 19XX



Sheet1

				Components of Flow of Water

		Gaged		Ungaged		Total		Total		Total		Irrigation

		Inflow		Inflow		Basin Inflow		Inflow		Outflow		Diversions

		3558		1521		5079		5079		5912		0

		3354		1422		4776		4776		5900		0

		3166		1376		4542		4542		5972		0

		3067		1342		4409		4409		6415		0

		3020		1325		4345		4345		6861		0

		2782		1218		4000		4000		6653		0

		2877		1194		4071		4071		7152		0

		2754		1144		3898		3898		6534		0

		2784		1123		3907		3907		6655		0

		2362		1043		3405		3405		5429		0

		2570		1087		3657		3657		5758		0

		2590		1047		3637		3637		5663		0

		2517		1002		3519		3519		5496		0

		2420		984		3404		3404		5407		0

		2287		966		3253		3253		4976		0

		2180		921		3101		3101		4728		0

		2194		909		3103		3103		4926		0

		2231		883		3114		3114		4930		0

		2228		873		3101		3101		4873		0

		2010		857		2867		2867		4326		0

		2103		826		2929		2929		4514		0

		1966		804		2770		2770		4316		0

		2020		798		2818		2818		4465		0

		2035		800		2835		2835		4554		0

		2174		917		3091		3091		4604		0

		2378		968		3346		3346		5059		0

		3156		1291		4447		4447		6863		0

		2968		1154		4122		4122		6259		0

		5661		2768		8429		8429		9221		0

		13704		6764		20468		20468		20057		0

		26156		14054		40210		40210		32472		0

		18820		8100		26920		26920		22829		0

		28546		11989		40535		40535		28928		0

		50173		23103		73276		73276		54371		0

		31078		13046		44124		44124		33838		0

		46916		18483		65399		65399		50252		0

		68647		24900		93547		93547		77121		0

		105425		36303		141728		141728		113533		0

		79378		24869		104247		104247		92070		0

		81946		25924		107870		107870		90486		0

		77218		27150		104368		104368		85021		0

		54226		19246		73472		73472		67300		0

		33676		11496		45172		45172		48807		0

		25665		9258		34923		34923		36452		0

		16484		6981		23465		23465		24176		0

		13642		5788		19430		19430		18949		0

		12941		5118		18059		18059		19503		0

		9443		4146		13589		13589		15424		0

		10894		4194		15088		15088		18315		0

		8813		3774		12587		12587		16315		0

		8191		3944		12135		12135		15959		0

		9217		4132		13349		13349		17642		0

		10033		4114		14147		14147		18117		0

		8666		3863		12529		12529		15206		0

		7746		3633		11379		11379		13603		0

		6853		3348		10201		10201		12383		0

		5823		2940		8763		8763		10886		0

		5063		2602		7665		7665		9692		0

		4712		2457		7169		7169		9367		0

		4530		2275		6805		6805		8767		0

		4239		2057		6296		6296		8732		0

		4027		1881		5908		5908		8098		0

		3610		1750		5360		5360		7637		0

		3105		1620		4725		4725		6710		0

		3281		1602		4883		4883		7027		0

		3033		1519		4552		4552		6580		101

		3023		1479		4502		4502		6754		142

		2724		1426		4150		4150		5595		142

		2588		1370		3958		3958		5346		142

		2711		1344		4055		4055		5845		142

		2637		1313		3950		3950		5675		142

		2479		1249		3728		3728		5378		142

		2469		1214		3683		3683		4964		142

		2451		1176		3627		3627		4914		142

		2384		1129		3513		3513		4792		142

		2875		1069		3944		3944		6374		142				1.6161257606

		3247		1307		4554		4554		5498		142				1.2072902942

		4271		1588		5859		5859		5916		142				1.0097286226

		7168		2485		9653		9653		9827		771				1.0180254843

		6732		2770		9502		9502		9920		1575				1.0439907388

		7215		3277		10492		10492		10674		3354				1.0173465498

		7989		4023		12012		12012		10595		4071				0.882034632

		19050		8409		27459		27459		19681		5059				0.7167413234

		42560		16721		59281		59281		42530		8407				0.7174305427

		22841		10407		33248		33248		23166		11782				0.6967637151

		34428		12623		47051		47051		32650		15123				0.6939278655

		39374		12064		51438		51438		40828		15055				0.7937322602

		36715		13052		49767		49767		39857		14413				0.8008720638

		29114		9554		38668		38668		32472		17991				0.8397641461

		27474		7726		35200		35200		33482		18417				0.9511931818

		20422		6106		26528		26528		27938		18052				1.0531513872

		16723		5100		21823		21823		24809		17957				1.1368281171

		11476		4124		15600		15600		16830		17653				1.0788461538

		10009		3835		13844		13844		13597		17037				0.9821583357

		9053		3520		12573		12573		12205		16625				0.9707309314

		7187		2948		10135		10135		9575		16611				0.9447459299

		7413		2938		10351		10351		10607		16381				1.02473191

		6463		2934		9397		9397		8308		15542				0.8841119506

		5906		2778		8684		8684		7360		15509				0.8475356978

		4714		2271		6985		6985		6441		15184				0.9221188261

		4639		2214		6853		6853		6340		12695				0.9251422735

		4200		2028		6228		6228		6372		11471				1.0231213873

		4158		1944		6102		6102		6239		10260				1.0224516552

		3572		1691		5263		5263		5011		8129				0.9521185636

		3845		1788		5633		5633		5104		7507				0.9060891177

		4120		1875		5995		5995		6750		6790				1.1259382819

		4148		1841		5989		5989		7942		3557				1.3260978461

		3576		1717		5293		5293		7332		2029				1.3852257699

		3119		1558		4677		4677		6694		0				1.4312593543		1.4312593543

		2915		1473		4388		4388		6522		0				1.4863263446		2.9175856989

		3105		1477		4582		4582		7041		0				1.5366652117		4.4542509106

		3041		1455		4496		4496		6556		0				1.4581850534		5.9124359639

		2738		1356		4094		4094		6189		0				1.5117244748		7.4241604388

		3429		1418		4847		4847		7170		0				1.4792655251		8.9034259639

		2932		1257		4189		4189		6354		0				1.5168297923		10.4202557562

		2639		1123		3762		3762		6182		0				1.6432748538		12.06353061

		2323		1028		3351		3351		5291		0				1.5789316622		13.6424622722

		2396		1032		3428		3428		6094		0				1.7777129522		15.4201752243

		2229		1008		3237		3237		5514		0				1.703429101		17.1236043253

		2172		970		3142		3142		5025		0				1.599299809		18.7229041344

		2160		956		3116		3116		4962		0				1.5924261874		20.3153303218

		2204		960		3164		3164		4879		0				1.5420353982		21.85736572

		2043		927		2970		2970		4580		0				1.5420875421		23.3994532621

		2109		931		3040		3040		4774		0				1.5703947368		24.969847999

		2057		905		2962		2962		4558		0				1.5388251182		26.5086731171

		2188		941		3129		3129		4938		0				1.5781399808		28.0868130979

		2356		1081		3437		3437		5322		0				1.54844341		29.6352565079

		2390		1024		3414		3414		5235		0				1.5333919156		31.1686484235		1.5584324212

		3348		1439		4787		4787		6110		0				1.2763735116

		4031		1828		5859		5859		6312		0				1.0773169483

		4578		2229		6807		6807		6506		0				0.9557808139

		7035		3352		10387		10387		9003		0

		6690		3065		9755		9755		8601		135

		6706		2960		9666		9666		8128		1697

		8504		3469		11973		11973		6738		2353

		8773		3703		12476		12476		4904		3178

		17224		6558		23782		23782		12080		6783

		48152		15967		64119		64119		40986		10997

		53100		19137		72237		72237		55539		12086

		51019		14523		65542		65542		53658		11376

		48352		13411		61763		61763		56014		11092

		41784		10490		52274		52274		48550		11586

		47678		13112		60790		60790		61459		12059

		33913		9559		43472		43472		46847		11890

		24299		7001		31300		31300		34828		11450

		19770		5936		25706		25706		29522		13459

		14246		4732		18978		18978		21483		15150

		9831		3823		13654		13654		14179		14663

		8892		3564		12456		12456		11953		14555

		8564		3247		11811		11811		11977		15698

		5976		2724		8700		8700		8207		16848

		5221		2473		7694		7694		6613		15509

		5399		2422		7821		7821		7387		14345

		6384		2724		9108		9108		8599		14054

		6077		2610		8687		8687		9522		13337

		5764		2439		8203		8203		9423		12350

		5201		2231		7432		7432		7966		12106

		5007		2158		7165		7165		7568		11978

		4069		1820		5889		5889		7318		11978

		3598		1618		5216		5216		7277		6804

		3463		1616		5079		5079		7304		4673

		3233		1495		4728		4728		7221		1609

		3140		1477		4617		4617		6930		54

		3000		1414		4414		4414		6750		0

		2754		1344		4098		4098		6344		0

		2711		1301		4012		4012		6366		0

		2748		1267		4015		4015		6417		0

		2703		1232		3935		3935		5853		0

		2542		1168		3710		3710		5698		0

		2483		1117		3600		3600		5564		0

		2465		1085		3550		3550		5142		0

		2424		1061		3485		3485		5540		0

		2372		1014		3386		3386		5176		0

		2297		984		3281		3281		4841		0

		2142		948		3090		3090		4406		0

		2228		966		3194		3194		4556		0

		2295		968		3263		3263		4485		0

		2285		1032		3317		3317		4475		0

		2380		1103		3483		3483		4415		0

		2303		1036		3339		3339		4455		0

		2233		1008		3241		3241		4307		0

		2414		982		3396		3396		4526		0

		3891		1424		5315		5315		6213		0

		3138		1463		4601		4601		5473		40

		4586		2081		6667		6667		6873		182

		4469		2182		6651		6651		6681		1501

		6039		3219		9258		9258		8076		2522

		13725		6954		20679		20679		16909		9286

		14652		6884		21536		21536		16830		16219

		21234		10714		31948		31948		22136		19743

		34412		16452		50864		50864		36155		21508

		70153		36852		107005		107005		77418		24024

		53490		24629		78119		78119		60588		30098

		73399		27627		101026		101026		80428		34832

		61871		21059		82930		82930		75497		34041

		33648		11654		45302		45302		44431		31180

		21051		8369		29420		29420		29324		28840

		14882		6417		21299		21299		21780		26878

		11050		5174		16224		16224		15880		26364

		12623		5249		17872		17872		19127		26486

		14660		5267		19927		19927		23107		24707

		13648		4493		18141		18141		24532		22969

		8651		3423		12074		12074		16375		22516

		7328		3069		10397		10397		11884		22448

		6809		3295		10104		10104		9803		21400

		6065		2851		8916		8916		8502		16232

		6269		2863		9132		9132		8346		15414

		5364		2479		7843		7843		7748		14230

		4778		2497		7275		7275		6750		13067

		4643		2433		7076		7076		7534		12431

		4594		2231		6825		6825		8407		12404

		4404		2152		6556		6556		8306		12404

		4110		2037		6147		6147		7900		9462

		3705		1903		5608		5608		7886		142

		3263		1762		5025		5025		7540		142

		3245		1744		4989		4989		7637		142

		3049		1687		4736		4736		7069		142

		2986		1572		4558		4558		6603		142

		2845		1481		4326		4326		6366		142

		2772		1455		4227		4227		5564		142

		2724		1424		4148		4148		5643		142

		2778		1396		4174		4174		5710		148

		2558		1309		3867		3867		5413		236

		2552		1299		3851		3851		5318		236

		2598		1275		3873		3873		5011		236

		2645		1291		3936		3936		4928		236

		2909		1267		4176		4176		5071		236

		2637		1170		3807		3807		4924		236

		2463		1125		3588		3588		4734		236

		2622		1115		3737		3737		4605		236

		2437		1142		3579		3579		4495		236

		2198		1040		3238		3238		4316		236

		2328		1073		3401		3401		4604		236

		2463		1121		3584		3584		4798		236

		3871		1649		5520		5520		6215		439

		5801		3025		8826		8826		8142		1122

		9104		5196		14300		14300		12250		1312

		16889		9363		26252		26252		18523		2468

		18753		9779		28532		28532		20275		4633

		25514		12965		38479		38479		25384		5992

		27286		12193		39479		39479		25364		8441

		42649		14822		57471		57471		44530		9624

		56472		18790		75262		75262		66488		9685

		45265		17153		62418		62418		54549		10091

		36828		13317		50145		50145		47560		21637

		27189		10524		37713		37713		34393		23787

		31924		10171		42095		42095		43065		22928

		35725		11189		46914		46914		47144		22739

		29708		8506		38214		38214		43164		22550

		21006		6191		27197		27197		30611		22015

		18006		5702		23708		23708		27819		21555

		12817		4095		16912		16912		20354		20888

		9698		3221		12919		12919		15305		18972

		7540		2677		10217		10217		11759		17531

		6197		2344		8541		8541		9750		17240

		5348		2123		7471		7471		9140		17098

		5247		2176		7423		7423		8954		17071

		6320		2364		8684		8684		10054		10280

		6075		2228		8303		8303		10264		2982

		6623		2067		8690		8690		10690		1230

		6589		1994		8583		8583		10049		622

		9851		2534		12385		12385		14177		358

		10155		2471		12626		12626		15187		331

		9843		2344		12187		12187		15127		304

		7657		2055		9712		9712		12682		0

		4908		1822		6730		6730		10102		0

		4584		1847		6431		6431		9387		0

		4188		1776		5964		5964		8425		0

		4164		1788		5952		5952		8128		0

		3851		1574		5425		5425		7762		0

		3667		1513		5180		5180		7609		0

		3546		1455		5001		5001		7374		0

		3483		1400		4883		4883		7332		0

		3257		1271		4528		4528		6736		33

		2875		1285		4160		4160		5988		236

		2576		1232		3808		3808		6110		236

		2602		1249		3851		3851		6019		236

		2505		1146		3651		3651		5758		236

		2489		1101		3590		3590		5641		236

		2513		1028		3541		3541		5580		236

		2580		1018		3598		3598		5520		236

		2653		1091		3744		3744		5378		236

		2895		1325		4220		4220		5580		236

		3136		1226		4362		4362		5924		236

		4308		1220		5528		5528		7166		236

		5095		1109		6204		6204		7845		236

		5801		1111		6912		6912		8314		886

		4930		1259		6189		6189		8094		2509

		7251		1519		8770		8770		9930		2509

		7443		1521		8964		8964		10298		2590

		10510		3170		13680		13680		13947		2651

		16109		6534		22643		22643		19034		9726

		31407		13236		44643		44643		35680		21122

		51896		25205		77101		77101		57816		24403

		68261		33310		101571		101571		78606		25803

		58745		27904		86649		86649		64568		25769

		58349		22166		80515		80515		65716		24870

		48799		18656		67455		67455		52252		24558

		67655		23429		91084		91084		76032		23456

		53159		20461		73620		73620		69340		22597

		39056		15630		54686		54686		48292		20703

		26393		10262		36655		36655		38551		19756

		17252		7581		24833		24833		25997		19364

		12470		5693		18163		18163		19840		19181

		10316		5271		15587		15587		14236		17064

		8698		4190		12888		12888		13218		16090

		7740		3509		11249		11249		10266		15394

		7734		3544		11278		11278		11484		12499

		7938		3738		11676		11676		11233		6905

		11086		3928		15014		15014		18083		946

		14767		4651		19418		19418		24057		906

		9274		3722		12996		12996		17226		946

		6122		2986		9108		9108		13226		804

		5871		2693		8564		8564		12448		0

		6425		2885		9310		9310		13430		0

		5845		2693		8538		8538		11831		0

		5599		2475		8074		8074		11242		0

		5172		2267		7439		7439		10086		0

		5003		2216		7219		7219		9763		0

		5376		2075		7451		7451		9702		0

		5849		1942		7791		7791		10280		0

		5627		1738		7365		7365		10138		0

		5560		1602		7162		7162		9870		0

		5263		1485		6748		6748		9296		0

		5198		1426		6624		6624		9387		0

		5027		1364		6391		6391		9294		0

		4871		1259		6130		6130		8514		142

		5065		1265		6330		6330		10371		142

		5297		1358		6655		6655		8680		142

		5021		1291		6312		6312		8263		142

		4966		1329		6295		6295		8538		142

		4861		1222		6083		6083		8318		142

		4885		1176		6061		6061		8429		142

		4833		1105		5938		5938		8098		142

		4825		1055		5880		5880		7803		142

		4475		1012		5487		5487		7845		142

		4893		1004		5897		5897		7762		142

		5180		1059		6239		6239		8522		142

		6593		1917		8510		8510		11726		148

		8084		2487		10571		10571		10995		189

		15080		4849		19929		19929		20731		270

		17594		5774		23368		23368		26611		757

		13254		5572		18826		18826		20473		757

		18127		8429		26556		26556		23265		17030

		25685		7183		32868		32868		21661		19783

		22172		13468		35640		35640		24908		21887

		23063		12118		35181		35181		24691		25844

		33705		18230		51935		51935		40471		26777

		46013		16939		62952		62952		47084		26703

		46013		19780		65793		65793		58014		27027

		68261		29746		98007		98007		87080		27304

		59663		23566		83229		83229		79378		25735

		34597		13496		48093		48093		48649		23984

		42012		10724		52736		52736		39461		22191

		20057		8760		28817		28817		28373		22428

		15460		6780		22240		22240		22592		20750

		11678		5986		17664		17664		14830		19614

		11829		4336		16165		16165		11904		17585

		7381		3835		11216		11216		9257		16476

		8118		3762		11880		11880		10035		16138

		8360		4138		12498		12498		11884		15759

		10668		3372		14040		14040		13955		15455

		6227		2812		9039		9039		12201		15434

		4926		2643		7569		7569		10743		15299

		4477		2429		6906		6906		9185		14163





Sheet2

		





Sheet2

		3683		4964		142

		3627		4914		142

		3513		4792		142

		3944		6374		142

		4554		5498		142

		5859		5916		142

		9653		9827		771

		9502		9920		1575

		10492		10674		3354

		12012		10595		4071

		27459		19681		5059

		59281		42530		8407

		33248		23166		11782

		47051		32650		15123

		51438		40828		15055

		49767		39857		14413

		38668		32472		17991

		35200		33482		18417

		26528		27938		18052

		21823		24809		17957

		15600		16830		17653

		13844		13597		17037

		12573		12205		16625

		10135		9575		16611

		10351		10607		16381

		9397		8308		15542

		8684		7360		15509

		6985		6441		15184

		6853		6340		12695

		6228		6372		11471

		6102		6239		10260

		5263		5011		8129

		5633		5104		7507

		5995		6750		6790

		5989		7942		3557

		5293		7332		2029

		4677		6694		0

		4388		6522		0

		4582		7041		0

		4496		6556		0

		4094		6189		0

		4847		7170		0

		4189		6354		0

		3762		6182		0

		3351		5291		0

		3428		6094		0

		3237		5514		0

		3142		5025		0

		3116		4962		0

		3164		4879		0

		2970		4580		0

		3040		4774		0

		2962		4558		0

		3129		4938		0

		3437		5322		0

		3414		5235		0

		4787		6110		0

		5859		6312		0

		6807		6506		0



Inflows

Outflows

Diversions

Weeks from January 1

acre-feet per week

Roaring Fork Basin  
Total Inflows, Outflows and Diversions 
19XX



Chart2

		0

		14.375

		18.75

		24.687

		32.5

		39.687

		43.12



River mile (River mouth is at mile 43.75)

Electircal conductivity (mmhos/cm)

Salinity of the Roaring Fork 
vs. distance from headwaters

0.325

0.437

0.45

0.519

0.6

0.75

0.813



Sheet3

		

				Salinity (ECx10-6 )vs. distance in river miles

				form the mouth of the river at Glenwood Springs
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