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Introduction

Purpose

This document is the Sandy River Basin Watershed Council’s Phase 1 Watershed Assessment for the Sandy River Basin Watershed (figure 1).  This report provides an initial scoping-level assessment of the natural and historical conditions in the basin, based upon existing information and data, as well as identifies problem areas and data gaps.  Report organization is based on the assessment topics found in the Governor’s Watershed Enhancement Board (GWEB) draft Oregon Watershed Assessment and Aquatic Resources Manual (January 1999) with additional topic areas identified by the Council.  

This report also provides the technical background used in developing a basin-wide Phase 1 Action Plan.  This companion document identifies Council goals, priority actions, and additional study needs aimed to contribute to and support the long-term integrity of watershed functions, and historic and cultural resource preservation in the basin.  

Another companion document is an Annotated Bibliography which compiles existing publications, reports, other documents and data identified to date for the Sandy River Basin.  Each bibliographic entry contains a brief description of the scope of analysis and the topics covered for each citation.  Citations are coded by GWEB draft assessment manual topics.  As this bibliography is an open document, it should be updated regularly as new data and documentation becomes available.  

Because of the large size and varied geography of the Sandy River Basin, and for the purposes of this study and organizing action items, the basin has been divided into the following equally important watersheds:  the Lower Sandy River, the Bull Run/Little Sandy, the Sandy River, the Salmon River, and the Zig Zag River.  

The Sandy River Basin Watershed Council

The Sandy River Basin Watershed Council (SRBWC) was formed in April 1997 and is an all-volunteer group of citizens, government and industry representatives working together to take a pro-active approach in addressing watershed management issues in the Sandy River Basin.  The mission statement of the Council is “to protect the natural, cultural, and historical resources of the Sandy River Basin Watershed.”  

The boundaries of the watershed are defined by the Council as:  

All hydrologic flows – surface and groundwater – that make up the Sandy River Basin Watershed, from the headwaters of the Sandy River on Mt. Hood, which includes all tributaries and hydrologically-affected tributaries of the basin, to the mouth of the Sandy River where it joins the Columbia River.  

Figure 1.  Sandy River Basin Watershed Map
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Note:  This map shows the Oregon Water Resources Department’s administrative boundaries for the

Sandy River Basin, which includes the Columbia Gorge tributaries.  

Council Constitution

A Governing Board of voting representatives is responsible for conducting business and organizing activities for the Council.  The membership of this Governing Board includes:  

Watershed representatives (16)

Sandy River Headwaters (from Zig Zag River to headwaters of Sandy River)

Upper Sandy River (from mouth of Zig Zag River to Revenue Bridge)

Middle Sandy River (from Revenue Bridge to Dodge Park)

Lower Sandy River (from Dodge Park to mouth of Sandy River)

Zig Zag River Watershed

Salmon River Watershed

South Boulder Creek Watershed

Alder Creek Watershed

Bull Run River Watershed

Tickle Creek Watershed

Cedar Creek Watershed

Gordon Creek Watershed

Beaver Creek Watershed

Non-Tribal Representative

At Large Position #1 & #2

Government Representatives (8)

Government - City of Sandy

Government - U.S. Forest Service

Government - City of Portland

Government - Metro

Government - Multnomah County

Government - Clackamas County

Community Planning Organization

Tribal Representative

Industry Representatives (3)


Government Camp Sanitary Board


2 Vacant 

In addition to the government entities shown above as voting representatives, non-voting representatives, or “Resource Stakeholders” are comprised of government agencies whose decisions and work impacts the Sandy River Basin and its resources.  They are participating in a resource role, and represent entities within Federal, State, Regional, County, and City governments.  There is no set number of participants.  The following list is not comprehensive, but representative of some of the agencies that either participate or are welcome to participate with the Council as non-voting members.  

	U.S. Army Corps of Engineers
	Oregon Department of Transportation

	U.S. Environmental Protection Agency
	Oregon Division of Environmental Quality

	U.S. Fish and Wildlife Service
	Oregon Division of State Lands

	U.S. Geological Survey
	Oregon Public Utility Commission

	U.S. Natural Resource Conservation Service
	Oregon State Parks & Recreation

	Bonneville Power Administration
	Cedar Creek Hatchery (ODFW)

	Bureau of Land Management
	Multnomah Co. Planning Department

	Oregon State Police Game Enforcement Division
	Multnomah Co. Soil & Water Conservation District

	Oregon Department of Environmental Quality
	Clackamas Co. Dept. of Transportation & Development

	Oregon Department of Forestry
	Clackamas Co. Soil & Water Conservation District

	Oregon Department of Fish and Wildlife
	


Council Policies

The following policies on wild and hatchery fish have been adopted by the Council:  

Wild Fish Policy

1.  Definition of Sandy River Basin.  The Sandy River Basin is the geographic area whose surface

     and subsurface waters drain into or influence the Sandy River and all of its tributaries.

2.  Definition of Wild Fish

     A.  Any fish which has been naturally produced in the wild.

     B.  Non-hatchery fish.

3.  Wild Fish present in the Sandy River Basin

     A.  Steelhead

     B.  Chinook Salmon




I.  Pinch Mouth Chub

     C.  Chum Salmon




J.  Longnose Dace

     D.  Coho Salmon




K.  Cottid #1, #2, #2

     E.  Cutthroat Trout




L.  White Sturgeon

     F.  Rocky Mountain White Fish



M.  Pacific Smelt

     G.  Coarse Scale Sucker



N.  Pacific Lamprey

     H.  Columbia Squawfish



0.  Western Brook Lamprey

     Possible other species (Historically there were many other wild fish species in the Sandy River Basin.

     Today, we cannot be sure that they are extinct, but many could survive in small populations that are

     scattered and not easily documented).

4.  Harvest

     A.  Harvest within the Sandy River Basin shall be limited to hatchery fish only.

     B.  Catch and release angling shall be permitted.

     C.  Gear restrictions shall be formulated for maximum survival of released Wild Fish, rather than

           maximum harvest of hatchery fish.  The emphasis shall be on juvenile fish survival.

     D.  All hatchery fish planted within the Sandy River Basin shall be marked.

5.  Encroachment.  The encroachment of housing, road, resource usage and extractions, and other land use

     impacts, should be limited to non-sensitive areas which do not impact Wild Fish or their habitat.  

     Riparian zones, stream corridors, wetlands, back channels, drainages, springs, and critical hydrologic

     areas, should be preserved for their natural functions which aid Wild Fish and Wild Fish conservation.

Wild Fish Policy (continued)

6.  Sanctuaries.  "Wild Fish Sanctuaries" should be established in critical areas such as:

     A.  Spawning areas

     B.  Critical juvenile habitat

     C.  Areas where adults congregate

     1.  Signage.  Signage should be established in areas and streams of critical concern, as well as in high-

          use areas, which identifies "Wild Fish Sanctuaries", regulatory signs, educational signs, locational

          signs, etc., which will help to educate the public about Wild Fish, their habitat, and conservation.

     2.  Enforcement

          A.  The enforcement of fish and wildlife regulations is critical in the preservation and conservation of 

                Wild Fish, and should be encouraged and supported.

          B.  Enforcement should be encouraged on land-use regulations, water quality laws, fill and removal

                laws, Forest Practices Act, etc., that adversely impact Wild Fish and their habitat

          C.  A working relationship should be established with the proper enforcement agencies in order to

                insure prompt and effective service that will preserve Wild Fish and their habitat

Source:  Sandy River Basin Watershed Council, 1998
Hatchery Fish Policy

1.
The desire of the Sandy River Basin Watershed Council is first and foremost to protect and restore wild fish runs within the basin, and the basis for this position stems from our Wild Fish Policy.

2.
The release of approximately 2 million hatchery fish per year below Marmot Dam has an overwhelming negative impact on wild fish, circumventing natural processes.

3.
Hatchery fish have been shown to harm wild fish.  All current and past hatchery fish programs in the Sandy River Basin should be eliminated immediately.

4. Money from hatchery fish programs in the Sandy River Basin should go toward genetics studies on wild fish, habitat recovery, and enforcement to protect wild fish and their habitats.

Source:  Sandy River Basin Watershed Council, 1999
Public Involvement Activities

In order to inform the public about the Council’s Phase 1 assessment and action planning process, the Council held a Watershed Open House in Sandy, Oregon on April 12, 1999.  At the Open House, community members were asked to review and comment on assessment information and to vote on preliminary issues and opportunities identified by Council members for the basin by watershed.  These issues and opportunities were then organized in draft form for the Regional Forums held in May 1999. 

The May forums were held in Sandy, Welches, and Troutdale.  At these forums, community members were asked to review and comment on portions of the draft Phase 1 Watershed Assessment report and on draft goals and objectives for the Action Plan.  Further discussion of results from the public events is included in the Phase 1 Action Plan document.  

General Setting of the Sandy River Basin
Location

The Sandy River Basin lies within the boundaries of Multnomah and Clackamas Counties in northwestern Oregon (figure 1).  The Sandy River itself is the basin’s main outlet to the Columbia River.  The Sandy River and its tributaries drain 508 square miles (325,000 acres. excludes Columbia Gorge tributaries).  The Sandy River originates from the Reid, Sandy, Zig Zag, and Palmer Glaciers on Mount Hood at an elevation of about 6,200 feet above sea level.  The basin’s wide elevation range is shown graphically in figure 2.  After flowing for 56 miles, the Sandy River joins the Columbia River near the City of Troutdale (Columbia River mile 120.5).  

Figure 2.  Sandy River Gradient from Headwaters to Mouth

(elevation shown on left in thousands of feet)
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Source:  BLM, 1992                                               * Wild and Scenic segment

Based on its major rivers, the Sandy River Basin has been divided into the following equally important watersheds:  the Lower Sandy River Watershed, the Bull Run/Little Sandy Watershed, the Sandy River Watershed, the Salmon River Watershed, and the Zig Zag River Watershed.  Table 1 lists the rivers and some of the larger streams by this watershed division.  Many other smaller streams exist, and are often overlooked in stream management.  Their small size, however, should not be an indication of their potential importance.  All basin streams contribute significantly to in-basin stream flows and provide important habitat for fish and wildlife species.  

Table 1.  Partial Stream List, Sandy River Basin

Lower Sandy Watershed

Sandy River [below river mile 18.5 (Dodge Park)]

     Walker Creek

     Trout Creek

     Gordon Creek

        North Fork Gordon Creek

        South Fork Gordon Creek

     Buck Creek

     Smith Creek

     Beaver Creek

        Kelly Creek

     Big Creek

Sandy River Watershed

Upper Sandy River [river mile 43 (Zig Zag) to headwaters]

     Rushing Water Creek

     Ramona Creek

     Muddy Fork

     Clear Fork

     Lost Creek

     Cast Creek

     Horseshoe Creek

     Clear Creek 

     East Creek

     West Creek

Sandy River [river mile 18.5 (Dodge Park) to river mile 43]

     Hackett Creek

     North Boulder Creek

     Jewell Creek

     Mill Creek

     East Cooke Creek

     West Cooke Creek

     Wildcat Creek

     Spring Creek

     Gravel Creek

     Alder Creek

     Whiskey Creek

     Bacon Creek

     Badger Creek

     Cedar Creek

         Beaver Creek

         Firwood Creek


Bull Run/Little Sandy Watershed

Bull Run River

     Log Creek

     Blazed Alder Creek

         Bedrock Creek

         Hickman Creek

         Nanny Creek

     Otter Creek

     Falls Creek

     West Branch

     Fir Creek

     North Fork Bull Run

     Cougar Creek

     Camp Creek

     South Fork Bull Run

         Fox Creek

         Cedar Creek

     Laughing Water Creek

Little Sandy River

     Bow Creek

     Arrow Creek

Salmon River Watershed

Salmon River

     West Fork Salmon

     Ghost Creek

     Mud Creek

     Linney Creek

        Draw Creek

        Inch Creek

        String Creek

     Iron Creek

        Tumbling Creek

     Kinzel Creek

     Swift Creek

     Copper Creek

     Bighorn Creek

     South Fork Salmon

        Mack Hall Creek

     Cheeney Creek

        Little Cheeney Creek

     Welches Creek

     Boulder Creek

        South Boulder Creek

     Sixes Creek

     Arrahwanna Creek

     Joe Creek
Zig Zag River Watershed

Zig Zag River

     Little Zig Zag River

     Lady Creek

     Bruin Run Creek

     Devils Creek

     Camp Creek

        Wind Creek

     Henry Creek

        Caldwell Creek

        Little Henry Creek

     Still Creek

        Cool Creek

     Meadow Creek

     Whiskey Jack Creek

Geology and Soils

Geologic Description

The shape and character of the Sandy River Basin is a product of the geologic events and processes that have occurred, primarily glaciation and the volcanic activity of Mount Hood.  In the upper portion of the basin, the upper reaches of the Sandy, Zig Zag, and Salmon Rivers are very high gradient and carve through unstable volcanic ash and rock deposits.  The Oregon Department of Fish and Wildlife (ODFW, 1997) indicates that the average gradient in these upper reaches is about 288 feet per mile, and may exceed 1,000 feet per mile in some areas.  

The reach of the Sandy River from its confluence with the Zig Zag River (river mile 43) downstream to Marmot Dam (river mile 30) is generally broader and less steep than the upper basin.  The gradient is moderate and consistent, and averages about 70 feet per mile from the confluence with the Zig Zag River downstream to the Sleepy Hollow Bridge, and about 33 feet per mile from the bridge downstream to the Marmot Dam (ODFW, 1997).  

Below Marmot Dam, the Sandy River descends for about 5 miles into a scenic narrow gorge.  The substrate evident in the strata of the canyon walls is interspersed with basalts, sandstone, and compacted volcanic ash.  Further downstream, the Sandy River merges with the Bull Run River at river mile 18.5 (Dodge Park), and descends into the rugged Sandy River Gorge.  The upper 3.5 miles of the gorge is characterized by high bluffs, long steep rapids and large deep pools.  

Below river mile 15 (Indian John Island), the Sandy River lessens in gradient to about 23 feet per mile and the channel begins to meander.  Below river mile 13 (Oxbow Regional Park) to river mile 6 (Dabney State Park), the gradient of the river lessens further, to about 8 feet per mile, and large sand deposits become evident.  Where the Sandy and Columbia Rivers merge, sand and fine sediments have deposited over the millennia to form the Sandy River Delta.  

Soils

According to the Bureau of Land Management (BLM), the Sandy River flows through three general soil type areas in the basin (BLM, 1992).  The area above Zig Zag and Rhododendron runs through wet and cold soils of the uplands of the Cascade mountains.  The river reach below Zig Zag flows through the wet and warm soil types associated with the terraces and flood plains of western Oregon.  In the lower Sandy River area (below river mile 18.5), there are many unique soil types including laterite soils and droughty soils developed on lahar deposits from Mount Hood.  These soil types support unique vegetation assemblages in the Sandy River Gorge.  

Sediment Sources

Slope instability (landslides) contributes to sediment production in the Sandy River Basin.  The Forest Service (1996) has estimated the landslide potential in the watersheds.  Their estimate is based on rating landform types as high, moderate, or low based on their relative potential for the two major types of landsliding:  shallow landslides such as debris flows and slides, and deeper landslides such as slumps and earthflows.  Table 2 shows the landslide potential by watershed.  Additional specific information on landslides is provided for each watershed discussion later in this report.  

Table 2.  Landslide Potential of Sandy River Basin Watersheds

	Watershed
	High
	Moderate
	Low

	Sandy (above river mile 22)
	21%
	19%
	53%

	Bull Run/Little Sandy
	17%
	27%
	55%

	Salmon River
	62%
	18%
	20%

	Zigzag River
	20%
	35%
	45%


     Source:  US Forest Service, 1996.  
Surface erosion from timber harvest, cropland, range land, burned land, urban runoff, roads and highway sanding also contribute to sediment production in the Sandy River Basin.  The Forest Service (1996) modeled the rate of road erosion and transport for the watersheds, which is shown in table 3 (federal roads only).  Total road miles and proximity to water sources were factors that influenced sediment levels.  Additional specific information on sources of sediment production is provided for each watershed later in this report.  

Table 3.  Road Erosion in Sandy River Basin Watersheds

	Watershed
	Total Road Miles
	Miles within 300 feet of streams
	Road sediment (tons/year)

	Sandy (above river mile 22)
	191.91
	70.98
	576

	Bull Run/Little Sandy
	320.20
	98.48
	344

	Salmon River
	150.01
	38.44
	1832

	Zigzag River
	80.01
	34.78
	1349


     Source:  US Forest Service, 1996; federal roads only.
Climate

The basin has a maritime climate that is generally characterized by seasonally mild temperatures and wet winters.  Precipitation and temperature vary with elevation.  Annual precipitation varies from 40 inches at the mouth of the Sandy River to more than 170 inches at the higher elevations (WRD, 1991).  The heaviest precipitation occurs from November through January, and the lowest in July and August.  At higher elevations, temperatures drop significantly and much of the precipitation falls as snow.  Several glaciers, including the Reid, Zig Zag, and Sandy, have developed on the west and northwest slopes of Mount Hood, which receives up to 300 inches of snow each year.  Snow that falls in winter combined with glacier ice act as reservoirs that release cool flows during summer.  This improves base summer flows and reduces water temperatures, and is important for anadromous fish in the basin.  

Vegetation

The basin’s wide elevation range, unique geology, and varied habitats contribute to its diversity of plant communities.  The basin contains four distinct forest zones (Forest Service, 1996).  Much of the Sandy Basin falls within the western hemlock zone (table 4).  This zone occurs at lower to mid elevations up to about 3,400 feet and occurs on warm, moist sites relative to other forest zones and tends to be the most productive in terms of rapid and large tree growth.  Western hemlock is the main tree species, and Douglas fir and western red cedar are also common.  This zone dominates the western half of the basin.  

Table 4.  Forest Zones in Sandy River Basin Watersheds

	Forest Zone
	Sandy Basin Total (acres)1
	Sandy Watershed above RM 22
	Bull Run –

Little Sandy 

Watershed
	Salmon

Watershed
	Zigzag

Watershed

	Western 

hemlock
	115,566
	16%
	40%
	18%
	11%

	Pacific 

Silver fir
	123,221
	13%
	29%
	33%
	16%

	Mountain 

hemlock
	13,413
	29%
	2%
	37%
	31%



Source:  US Forest Service, 1996; (percent of basin total, grouped by zone, federal lands only)


1 Basin acreage includes the Columbia Gorge tributaries

The Pacific silver fir zone is found at moderate elevations from about 3,000 to 4,000 feet.  Cool, moist conditions are representative, with season-long snow packs at higher elevations.  Growing season frost is likely.  This zone is characterized by a high diversity of tree species including western hemlock, Douglas fir, true firs, and western red cedar.  

The mountain hemlock zone is found at higher elevations near the timberline and has harsh climatic conditions.  Cold, moist conditions are representative, and deep winter snow packs prevail much of the year.  Trees grow slowly and attain smaller sizes.  Common species include mountain hemlock, western hemlock, true firs, western white pine, and Douglas fir.  

The Alpine/Subalpine zone includes vegetation in the highest elevations just below timberline and non-vegetated portion above timberline.  Very cold and moist conditions are representative, and short growing seasons and deep snow packs preclude tree development on much of the area.  Subalpine areas consist of clumps of trees intermixed with shrub, forb, or grass meadows.  Dominant tree species include subalpine fir, mountain hemlock, whitebark pine and Alaska yellow cedar.  The Forest Service estimated the amount of mature/old growth forests for the watersheds, as shown in table 5 (Forest Service, 1996).  

Table 5.  Distribution of Late-Seral* Forests

	Forest Zone
	Sandy Basin

Total (acres)1
	Sandy Watershed above RM 22
	Bull Run-

Little Sandy

Watershed
	Salmon

Watershed
	Zigzag

Watershed

	Western hemlock
	30,044
	5%
	54%
	18%
	3%

	Pacific 

Silver fir
	47,355
	16%
	49%
	25%
	3%

	Mountain hemlock
	6,043
	52%
	6%
	37%
	4%



Source:  US Forest Service, 1996; (percent of basin total, grouped by zone, federal lands only)



* Late-seral forest stage includes mature and old-growth age classes. 


1 Basin acreage includes the Columbia Gorge tributaries

Riparian areas are adjacent to streams, lakes, ponds and areas comprising seeps, springs, and wetlands.  The type and abundance of vegetation present in a riparian area are directly influenced by the quality and quantity of the water present.  Riparian areas provide important habitats which support fish, wildlife, and vegetation, and provide critical diversity and stability in the ecosystem.  Riparian areas support multiple vegetation layers that create a variety of nesting sites, cover areas, and food sources for wildlife, stabilize stream banks and shades streams and maintains low water temperatures.  To protect the integrity and proper functioning of riparian areas, the Northwest Forest Plan specifies riparian reserves for many streams and water bodies in the basin.  

Various types of wetlands are found throughout the basin and include wet meadows dominated by sedges and herbs, and shrubby and forested wetlands.  Wetlands serve many functions by providing habitat for plants and wildlife, collect and hold water, 

There is a high lichen diversity in the basin, and good lichen habitats include old-growth tree canopies, foggy ridgetops, and riparian corridors.  A variety of mosses and liverworts (byrophytes) are likely to be present in the basin, but actual locations are unknown because plant surveys are lacking.  Possible habitats for mosses and liverworts include old-growth and riparian forests.  

Invasive plant species are a potential threat to native biological diversity in the basin.  They can displace plant species that create wildlife habitat and adversely affect reforestation visual quality.  Some of these invasive species found in the basin include St. John’s wort, Canada thistle, scotch broom, knapweeds, gorse (a thorny relative of scotch broom), English ivy, and Himalayan blackberry.  

Appendix A contains a recent letter from the Oregon Natural Heritage Program that lists many of the rare, threatened and endangered plant species known to occur in the Sandy River Basin.  The appendix also provides a table listing the plant species that should be protected (Forest Service, 1995).  Species occurrence by watershed (Salmon, Zigzag, Sandy, and Bull Run) is shown in this table.  

Fish

The native and introduced fish species known to occur in the Sandy River Basin are shown in table 6 (PGE, 1998).  There is a disagreement concerning the origin of summer steelhead in the basin.  The ODFW (1997) indicates that summer steelhead is an introduced species in the basin, whereas the Mt. Hood Independent Steelheaders (MHIS, 1999, online at www.flyfishusa.com) indicates that this species is native to the basin.  Appendix A contains the MHIS publication, Fish Status in the Sandy River Basin (updated May 1, 1999), which provides an excellent overview of the fish species and their status in the Sandy River Basin.  

Table 6.  Known Fish Species in the Sandy Basin

	Common Name
	Scientific Name
	Origin

	Pacific lamprey
	Entosphenus tridenatus
	Native

	Western brook lamprey
	Lampetra richardsoni
	Native

	Summer steelhead*
	Oncorhynchus mykiss
	Introduced*

	Winter steelhead
	Oncorhynchus mykiss
	Native

	Rainbow trout
	Oncorhynchus mykiss
	Native

	Coho salmon
	Oncorhynchus kisutch
	Native

	Spring and fall chinook salmon
	Oncorhynchus tshawytscha
	Native

	Cutthroat trout
	Oncorhynchus clarki
	Native

	Mountain whitefish
	Prosopium williamsoni
	Native

	Kokonee (sockeye salmon)
	Oncorhynchus nerka
	Introduced

	Brown trout
	Salmo trutta
	Introduced

	Brook trout
	Salvelinus fontinalis
	Introduced

	Brown bullhead
	Ictalurus nebulosus
	Introduced

	Largemouth bass
	Micropterus salmoides
	Introduced

	Smallmouth bass
	Micropterus dolomieui
	Introduced

	Black crappie
	Pomoxis nigromaculatus
	Introduced

	White crappie
	Pomoxis annularis
	Introduced

	Bluegill
	Lepomis macrochirus
	Introduced

	Warmouth
	Lepomis gulosis
	Introduced

	Sculpin
	Cottus sp.
	Native

	Dace
	Rhinichthys sp.
	Native

	Largescale sucker
	Catostomus macrocheilus
	Native

	Mountain sucker
	Catostomus platyrhynchus
	Native

	Northern pike minnow
	Ptychocheilus oregonensis
	Native

	Chiselmouth
	Acrocheilus alutaceus
	Native

	Peamouth
	Mylocheilus caurinus
	Native

	Goldfish
	Carassius auratus
	Introduced

	Carp
	Cypinus carpio
	Introduced

	Redside shiner
	Richardsonius balteatus
	Native

	Three-spine stickleback
	Gayterosteus aculeatus
	Native

	American shad
	Alosa sapidissima
	Introduced

	White sturgeon
	Acipenser transmontanus
	Native

	Smelt
	Thaleichthys pacificus
	Native


        Source:  PGE, 1998.  

        * Note:  The ODFW (1997) indicates that summer steelhead is an introduced species, whereas the Mt. Hood Independent Steelheaders (1999) indicate that it is a native species.  

Pool, riffle, glide, and side channel habitat types provide critical habitat for many fish species in the basin.  Different habitat types are preferred by different species at different stages of their life cycle, for example (Forest Service, 1997):

· Fast water habitats (riffles and glides) – trout and steelhead

· Large mainstem glides and pools – chinook salmon

· Side channels – coho salmon

· Small meandering streams with glides and pools – cutthroat and brook trout

Pools are very important to provide resting habitat for fish, baseflow thermal refugia, protective cover, and slow water rearing and overwintering habitat for fish and amphibians.  Large woody debris (LWD) in streams is critical and provides structure, substrate, cover, nutrients, and refuge for fish, aquatic plants, macroinvertebrates, and amphibians.  

Over the last 150 years, human activities such as timber harvest, agriculture, residential and industrial development, building of dams, stream flow alteration and stream channelization have caused loss of side channels, wetlands, and riparian vegetation, water quality degradation, and fish harvest activities caused dramatic losses to fish and wildlife habitat and fish productivity in the basin.  In-channel obstructions such as dams and road culverts present barriers to migration of adult and juvenile fish and seriously limit fish production in many miles of historic habitat.  Hatchery production dates from 1887; large releases of hatchery fish contributed to the growth of sport fishing in the basin.  The abundance of wild fish has been impacted by hatchery supplementation, however, because hatchery fish compete with wild fish for spawning sites, rearing areas, cover and food.  

While natural events have also played a role, human activities have been largely responsible for the conditions that have significantly affected the health of wild fish species, and many are listed under the Endangered Species Act.  Chinook salmon and steelhead were listed in March 1999 as threatened species.  Coho salmon is designated as a candidate for listing.  There are historic reports of bull trout, a threatened species, in the upper drainages of the basin.  It is not known if bull trout have been extirpated (the loss of a species from a specific area) from the basin.  

On May 26, 1999, plans were announced to remove the Marmot Dam on the Sandy River and the Little Sandy Diversion Dam on the Little Sandy River in order to restore historic habitat for threatened salmon and steelhead.  The removal of the dams is the result of a collaboration between Portland General Electric, the City of Portland, the State of Oregon, the National Marine Fisheries Service, and other federal and state agencies.  It is expected that the regulatory process and removal of the dams and other structures will take about two years.  

Additional specific information about fish species, their abundance, and habitat conditions is provided for each watershed discussion in this report.  

Wildlife

From its high elevation alpine zone to its lower elevations, the Sandy River Basin provides diverse habitats for a wide variety of wildlife species.  A large variety of bird species are found in the basin, including sensitive species such as the peregrine falcon, bald eagle, osprey, spotted owl, northern goshawk, pileated woodpecker, and harlequin duck.  Mammal species include Roosevelt elk, black-tailed deer, black bear, cougar, lynx, bobcat, wolverine and many others.  Many amphibian species are found in the basin’s rivers, streams, marshes and ponds.  The habitats adjacent to the rivers and streams provide important travel corridors for wildlife movement and dispersal.  

The spotted owl is a federally threatened species and habitat is found throughout the Sandy River Basin.  The Bull Run watershed contains some of the best and most continuous northern spotted owl habitat within the Mount Hood National Forest.  Potential nesting habitat also exists in the basin for the peregrine falcon, a federally endangered species, and bald eagles forage throughout the basin.  The red-legged frog, a federal species of concern, is common in the lower end of the Bull Run watershed and breed there.  

Cope’s giant salamander, a sensitive species, is found in tributaries to Bull Run Lake, Cougar Creek, and Bear Creek.  

Six wildlife species are believed to be extirpated from the west slope of the Cascade Range and adjacent valleys, including the Sandy Basin.  These species include the grizzly bear, gray wolf, lynx, Columbian white-tailed deer, California condor, and the yellow-billed cuckoo.  Appendix A contains a recent letter from the Oregon Natural Heritage Program that lists many rare, threatened and endangered animal species known to occur in the basin.  

Land Use and Ownership

According to the Water Resources Department (1991), the federal government owns or manages about 70 percent of the land in the basin.  The remaining land is private (29 percent) and state (less than one percent) ownership.  Forests cover about 85 percent of the basin, and about three-fourths of this forested area is managed as part of the Mount Hood National Forest.  Public land includes the Salmon-Huckleberry (44,600 acres) and Mount Hood (47,160 acres) Wilderness Areas.  The basin has nearly sixty river miles of National Wild and Scenic River designations including the Sandy River from Dodge Park to Dabney State Park (also a state scenic waterway); the upper Sandy River from its headwaters to the boundary of the Mount Hood National Forest; and the entire Salmon River.

Irrigation is not extensive in the basin.  Only about 3,000 acres are irrigated which occurs mostly along the lower portion of the Sandy River, downstream from the City of Sandy (WRD, 1991).  Lands in the lower portion of the basin are generally privately owned and support timber, agriculture, and residential uses.  Above the City of Sandy, most private lands support timber production, Christmas tree farms, and some livestock use.  Below the city, agricultural uses are common with widespread nursery stock production.  

Demographics

Major population centers in the Sandy River Basin include Sandy, portions of Gresham and Troutdale, and the Mount Hood Corridor.  The Mount Hood Corridor consists of the communities along Highway 26 from Brightwood up to Government Camp.  City population for 1980 and 1990 is shown below.  

	    City
	1980 Population
	1990 Population
	Change

	Gresham
	33,005
	68,235
	106%

	Troutdale
	  5,908
	 7,852
	  33%

	Sandy
	  2,905
	 4,152
	  43%


Source:  Oregon Economic Development Department, May 1999,

online at http://www.econ.state.or.us

According to the Oregon Economic Development Department (1999), Sandy’s population in 1997 increased to 5,033 in 1997.  Total housing units in 1990 were 1,536, and median household income was $27,927.  The city's industrial base is expanding at the west end of town.  The surrounding area contains some of the largest nursery growers in the state.  

According to the Forest Service (1993), in 1988 there were an estimated 6,500 residents in the Mount Hood Corridor and about 58 percent were seasonal residents.  Census data for 1990 shows a 9 percent increase in population from 1980 in the corridor area.  During this period, there was a 41 percent increase in housing units.  The Forest Service forecasts that by the year 2000, the population in the corridor will range from 15,000 to 20,000 people.  In the corridor, tourism accounted for about 73 percent of the gross revenue for businesses in 1987.  

Historical Conditions Assessment

Basin Resources Before Exploration and Settlement

Vegetation.  

No documentation has been found concerning the vegetation resources in the Sandy River Basin before exploration and settlement (early 1800s).  Although vegetation would have been typical of that currently found within the basin, forests likely covered larger contiguous areas and contained more large conifers and old-growth trees.  Riparian vegetation and wetland areas were probably much more abundant than found today.  A diverse growth of trees and understory vegetation likely armored most stretches of the Sandy River and its tributaries.  

Native American Use.  

Known Native American inhabitation of the Sandy River Basin dates to about 700 B.C. (Cascade Geographic Society, April 1999).  The Sandy River Basin has been the home for several Native American tribes who have used the basin on a permanent and seasonal basis.  They gathered medicines; huckleberries, other wild berries, roots, wild cranberries, and other foods; fished for salmon, steelhead, sea-run trout, lamprey, and resident fish; hunted elk, deer and waterfowl; and used the natural landscape for religious ceremonies, cultural practices, and burial.  

Presence and Abundance of Fish and Fish Habitat.  

Prior to the 1800s, Sandy River anadromous and resident fish populations flourished in a pristine environment full of shallow gravel beds, deep pools, and cool mountain stream flows (Taylor, 1998).  Native anadromous fish species included winter and summer steelhead trout, fall and spring chinook salmon, and coho salmon.  Historically, it has been estimated that fish runs as high as 15,000 coho, 20,000 winter steelhead, 10,000 fall chinook, and 8,000-10,000 spring chinook once returned each year to spawn in the Sandy River and its tributaries (Taylor, 1998).  Large populations of cutthroat trout (resident and migratory forms), bull trout, rainbow trout, mountain whitefish, pacific lamprey, and other resident fish also were found in the basin.  

Native Americans likely made extensive use of the fish species in the basin.  Their culture relied heavily on anadromous fish not only as a food source, but also as a focus of important religious ceremonies.  Native Americans harvested fish using a variety of methods, including haul seines, weirs, spears, and dip nets.  

Natural Disturbance Patterns

Fire was likely a major disturbance factor affecting the ecological values within the Sandy River Basin before exploration and settlement.  The earliest fire history for the basin has only been documented for the Bull Run Watershed.  According to the Forest Service (1997, Bull Run WA), reporting on a study done by Krusemark, Agee, and Berry (1995, The History of Fire in the Bull Run Watershed, Oregon), two remnant stands of mixed Douglas fir, Pacific silver fir, Alaska yellow cedar, and western hemlock in the watershed date back to 750 years to a large fire event circa 1243 A. D.  The next major fire event in the watershed occurred about 500 years ago (in 1493).  This event burned virtually the entire watershed, with the exception of the two remnant stands.  Large fires also occurred in 1663 (Bull Run Lake area) and in 1693 (southwestern end of watershed).  One hypothesis for the large burn during 1493 and other years is that the burning resulted from a combination of multiple fire starts sparked from passing lightning storms, with an east wind event causing the fires to flare-up and burn together into one large fire (Forest Service, 1997).  

No information was found concerning flood events in the basin before exploration and settlement.  

Historical Settlement, Land Use, and Resource Management Patterns and Trends

Settlement Patterns and Development (rural and urban). 

The first explorer to lay eyes on the Sandy River is believed to be Lt. William R. Broughton of the British Navy (Ciecko, 1990).  In 1792 he sailed up the Columbia River from the Pacific Ocean, and near the mouth of the Sandy River saw a snow-capped mountain, which he named Mount Hood for Samuel Hood, a Vice Admiral in the British Navy (Ciecko, 1990).  He called the river, “Barings River.”  The Sandy River Basin remained largely unexplored by Euroamericans until Lewis and Clark’s expedition came over the Rockies (Taylor, 1998).  They landed at the mouth of the Sandy River on November 3, 1805 and named the river the “Quicksand River” because of the accumulation of sand at its mouth (Ciecko, 1990).  Native Americans called the river “Ye-ki-oo” (Ciecko, 1990).  

In the early 1800s, explorers boated up the Sandy River and followed Native American trails into unexplored country (Taylor, 1998).  By the time Euroamericans began exploring the Columbia River region, much of the area’s Native American populations had been significantly diminished by disease.  

In the 1820s, Hudson’s Bay Company constructed two trading posts on Mount Hood; one at mouth of Zig Zag River and the other in Lolo Pass area (Cascade Geographic Society, April 1999).  In 1838, Daniel Lee, son of missionary Jason Lee, followed the existing trail over Lolo Pass when he drove cattle from a mission in the Willamette Valley to a newly established mission at Wascopam (The Dalles; Taylor, 1998).  

In the 1840s, the immigration to the Oregon Country began and in 1846, the Barlow Trail (a toll road) became a popular route for bringing emigrants across the Cascades (Cascade Geographic Society, April 1999).  Samuel Barlow and Joel Palmer blazed this trail over Mount Hood and down the Zig Zag and Sandy rivers to just north of the City of Sandy (Forest Service, 1992).  Most of U.S. Highway 26 parallels or has been constructed on or over portions of this historic trail.  

Roads and Rail

The development of areas east of the Cascades spurred transportation development in the Sandy River Basin.  In the late 1800s, demand grew for a better transportation over the mountains, and the Barlow Road was improved from a one-way, east-to-west route to allow two-way traffic (Taylor, 1998).  As traffic increased along the road, entrepreneurs moved into the area to provide accommodations and other services for the travelers.  New settlers established homesteads along the road and in the lower Sandy River valley, particularly near the present cities of Sandy, Gresham and Troutdale (Taylor, 1998). 

According to Taylor (1998), access to the Bull Run Watershed improved in 1887 when the City of Portland began investigating the river as a main source for water supply.  A small community called “Unavilla” was established in the area around 1893 and its name was changed to Bull Run in 1895.  The community included about 100 residents who supported themselves through timber harvest, farming, dairying and raising potatoes.  

Taylor (1998) reports that in 1900, most of the upper Sandy Basin remained as wilderness and trails were the primary source of access.  When the Mount Hood Railway and Power Company began work on the Bull Run hydroelectric project in 1906, it developed road and then rail access to the site.  Initially, it took three hours by stage to get to Bull Run from Boring.  The roads from Sandy to Bull Run, and from Bull Run to the Marmot Dam area had to be planked during periods of heavy rain to support traffic.  Travel conditions improved in June 1911 when the railroad was completed, running 20 miles from Montavilla to the Bull Run powerhouse.  The Portland Railway, Light and Power Company electrified the route in 1913 from Montavilla to Ruby Junction.  Development of the railroad line lured more people to the area.  Regular rail service between Portland and Bull Run made it easy to transport timber, farm crops, livestock and other products to city markets.

Public demand for access to recreational areas in the upper basin led to the completion of the Mount Hood Loop Highway by the 1920s.  The road brought new recreational areas within reach of area residents, and the rail line was abandoned in 1927 as more areas became accessible by roads and people began to travel mostly by auto (Taylor, 1998).

The basin's population expanded rapidly after 1950 and road improvements and expansion provided better access, especially into the upper basin (Taylor, 1998).  Forest Road 18, built in the 1950s, connected Highway 26 to Hood River County and provided better access to the Bull Run watershed.  Road 18 became a primary road on the Mount Hood National Forest, carrying visitors to campgrounds, trailheads and other locations (Taylor, 1998).  

The Forest Service constructed a number of roads in the 1950s to reach timber in the upper basin.  It built about 48 miles of road to provide access to Wildcat Creek/Wildcat Mountain, Alder Creek and other higher elevation areas, and to reach timber in the lower basin and along the North and South Forks of the Sandy River (Forest Service, 1996).  Road construction in the watershed continued after 1960.  The Forest Service built about 26 miles of new road in the upper Sandy basin during the 1960s, including Forest Road 2609, which provided access to Cedar Creek (Forest Service, 1996).  It also built several secondary

roads into the Lost Creek and Horseshoe Creek drainages.  In the 1970s through 1980s, more roads were built in the upper basin including 25 miles of road into the middle Clear Fork drainage and 16 miles near Cedar and Alder creeks and into the Wildcat and North mountains (Forest Service, 1996).  Major road development also took place after 1960 in the Bull Run watershed.  During the 1960s and 1970s, the Forest Service (1997) built nearly two-thirds of the forest roads that currently exist in the Bull Run drainage – more than 170 miles.  

Extensive road construction in the basin damaged fish habitat in many stream reaches.  The roads increased soil erosion and carried sediment to stream channels where it filled pools and clogged spawning gravels.  Other damage resulted when road culverts became blocked with debris or otherwise barred fish from reaching spawning grounds.  Road construction also altered natural hydrological conditions by increasing surface runoff.  

Timber Harvest

By the mid-1800s, settlers in the Willamette Valley began looking toward the Cascades to meet increasing demands for lumber, firewood and other resources, and timber demand, particularly in the Portland metropolitan area, brought extensive timber harvest to the more readily accessible parts of the Sandy Basin (Taylor, 1998).  Timber harvest in the lower basin began by the late 1850s; the first sawmill was built on Cedar Creek in 1858 and another mill was built soon after on Deep Creek (Taylor, 1998).  Many logged areas, such as near Sandy, were later cleared and cultivated for agricultural use or as private tree farms.  

By 1907 many sawmill operations were located in the areas of Sandy, Firwood, Dover, Eagle Creek, Boring, Marmot, Pleasant Home, Welches and Brightwood (Taylor, 1998).  When possible, many early loggers floated the wood downstream to mill sites and markets. Arrival of the railroad allowed logging activities to expand further in the lower basin and into higher elevations, including the Cedar and Badger Creek drainages (Taylor, 1998).  Logging companies constructed railroad spurs reaching as far as the headwaters of Cedar Creek, which allowed some loggers to ship logs by rail (Taylor, 1998).

Timber harvest practices damaged fish habitat in the basin.  Harvesters located their operations along stream banks where logs could easily be floated downstream to mills.  Logging in riparian areas was common until the 1970s when the importance of riparian vegetation in maintaining healthy river systems was recognized.  Timber was also removed from many accessible sensitive slopes.  In addition, downed wood and boulders were regularly removed from navigable waters to ease the driving of logs downstream.  

Agriculture

During the mid-1800s, new settlers began cultivating the lower basin's rich stream bottom land, fertile plateaus and rolling hills, and by the late 1800s, agricultural use was common in the lower basin and along the plateaus of the lower Sandy River and tributaries such as Beaver Creek (Taylor, 1998).  Early farmers grew vegetables, berries, fruits and grain and often sold their products in Portland area markets.

Cultivation of lands in the lower basin for agricultural use impacted habitat conditions primarily along the lower Sandy River and tributaries.  Conditions in the lower basin changed as wetlands and floodplains were drained and filled.  Stream stability and habitat diversity were also affected by removal of riparian vegetation and stream flows for irrigation purposes.  

Mining

In the late 1800s, there was a gold mining interest in Cheeney Creek in the Salmon Watershed (Forest Service, 1995).  Sand and gravel operations, particularly along the lower Sandy River (mouth of Buck and Gordon Creeks), occurred historically.  Gravel quarrying occurred in the Gordon Creek area in the 1920s; the county operated this quarry and used a cable and trolley system to lower rock into a crusher (Forest Service, 1992).  Gravel extraction also occurred in the Buck Creek area in the late 1940s and early 1950s (Forest Service, 1992).  Generally, these operations changed conditions within the mined stream reaches.  They affected fish production and reduced habitat complexity through removal of undercut stream banks, degradation of channel stability, extraction of spawning gravels and by creating barriers to migration (Taylor, 1998).  Mining in the delta area stopped when it became part of the Columbia River Gorge Scenic Area.  

Recreation

By the mid-1800s the peaks of Mount Hood were challenging early mountaineers and Government Camp became the starting point for many Mount Hood climbers (Taylor, 1998).  Joel Palmer reached the top of the mountain in 1845 and many other climbers soon followed.  During an outing in July 1896, a group of about 350 climbers from all over Oregon traveled to Government Camp in horse-drawn coaches (Taylor, 1998).  

Recreation continued to grow in the 1900s with expansion of the railroad, which provided relatively quick and comfortable transportation to recreation sites (Taylor, 1998).  However, recreational use in the upper basin was limited; a trip to the Government Camp area, a popular destination, remained long and tiresome until the 1920s when the Mount Hood Loop Highway was completed (Taylor, 1998).  Generally, activities in the upper basin remained limited by the lack of access until after 1950 when the road network was expanded by the Forest Service.  

Municipal Water Supply Development

In 1891 the City of Portland began efforts to secure a continuous supply of clean water from the Bull Run River (Taylor, 1998).  The 139,520 acre Bull Run Reserve was created by presidential proclamation (President Benjamin Harrison) in 1892 which established a federal policy protecting Portland’s water supply (WRD, 1991).  On January 1, 1895, the city finished building its first conduit and water diversion at the site of the present Headworks Dam (river mile 6) on the Bull Run River and started transferring water to Portland (Taylor, 1998).  

In 1897, Congress enacted the Organic Act, which allowed a wide range of activities within federal forest reserves (WRD, 1991).  To protect the Bull Run Reserve, the Portland Water Board urged the Oregon Congressional delegation to limit access to Bull Run (WRD, 1991).  In 1904, the Bull Run Trespass Act was enacted, which prohibited entry into the reserve by anyone except forest rangers, other persons employed by the United States to protect the forest, federal and state officers, and employees of the Water Board of the City of Portland (WRD, 1991).  In 1909, the State Legislature enacted Oregon Revised Statute 538.420 which provides that the “exclusive right to the use of waters of Bull Run and Little Sandy Rivers is granted to the City of Portland” (WRD, 1991).  Portland’s rights do not impair the rights of anyone who, prior to the statute, had a vested right or valid appropriation on these rivers.  

According to Taylor (1998), Portland built several new structures in the Bull Run watershed in the early 1900s.  In 1911 it completed a second conduit to carry Bull Run water to Portland.  In 1915 a 10-foot-high rock and log crib structure was built at the outlet of Bull Run Lake, a natural water body in the headwaters of the Bull Run watershed.  The structure raised the lake's storage capacity to about 4 billion gallons of water.  In 1922, the city built the 20-foot high Headworks Dam with no fish passage facilities.  It constructed a second dam, the Ben Morrow Dam (Bull Run Dam No. 1), in 1929 near the confluence of Bear Creek and the Bull Run River (river mile 11).  The structure, about 200 feet high, impounded about 10 billion gallons of water.  The city also built a small reservoir, Boody Lake, on the North Fork of the Bull Run River that stored about 0.4 billion gallons of water.

Hydroelectric Development

Population and industrial growth in the Portland metropolitan area during the early 1900s created a larger need for electric power and low-cost hydroelectric generation became more attractive for bulk power supply (Taylor, 1998).  Developers directed their attention to the Sandy Basin, and hydroelectric power development on the Sandy and Little Sandy rivers began in September 1906, with the incorporation of the Mount Hood Railway and Power Company (Mt. Hood Company; Taylor, 1998)).  Actions by this company ignited the competitive interest of two other companies, the Portland and Sandy River Electric Company and the United Railways and these companies quickly began investigating potential hydropower sites on the Sandy River (Taylor, 1998).  

In 1906, the Mt. Hood Company started work on the Bull Run project, which included construction of a powerhouse on the lower Bull Run River (river mile 1.5) and a diversion dam (river mile 1.7) on the Little Sandy River (Taylor, 1998).  The Little Sandy diversion dam stood about 16 feet high and diverted water through a 17,000-foot-long wood box flume to Roslyn Lake, which covered about 140 acres and formed the forebay for the Bull Run powerhouse.  The Mt. Hood Company began operating the powerhouse on the Little Sandy River 1912; that same year, it merged with the Portland Railway Light and Power Company, Portland General Electric’s predecessor (Taylor, 1998).  

Construction and operation of the Little Sandy diversion dam reduced natural fish production in the Little Sandy River, a system that is believed to have once contained good anadromous fish habitat (Taylor, 1998).  The diversion dam blocked salmon and steelhead access to about 6.5 miles of habitat above the dam, and also reduced stream flows in the 1.7-mile reach between the dam’s lower end and the river’s confluence with the Bull Run River (Taylor, 1998).  

In 1913, the company completed construction of Marmot Dam on the Sandy River at river mile 30.  The 30-foot high dam diverted water from the Sandy River to the Little Sandy River via a network of canals and tunnels.  The longest tunnel, 4,690 feet, ran under a mountain ridge connecting the two basins.  That year, the company started diverting up to 600 cubic feet per second (cfs) of water from the Sandy River to the Little Sandy River just above its diversion dam.  The combined waters were then diverted to Roslyn Lake through the wood box flume.

Marmot Dam was provided with a wooden fish ladder.  However, the ladder entrance was damaged by floodwater during its first season of use and the company had to extend the entrance upstream (Taylor, 1998).  Floods in the following years repeated the damage.  The company regularly repaired and improved the ladder, though it was being used extensively to trap adult salmon and steelhead for hatchery production (Taylor, 1998).  Between 1913 and 1933, the company rebuilt and improved the ladder and fishway.  While these changes improved fish passage, egg-taking operations at or below Marmot Dam until the early 1950s, ladder damage, and low flows persisted in hindering fish migration to the upper basin (Taylor, 1998).  

Fisheries exploitation.  

Salmon and steelhead runs to the Sandy River began dropping by the early 1870s with expansion of the fishing industry (Taylor, 1998).  Fish harvest initially focused on spring chinook, and commercial harvest of spring chinook began on the Columbia River in the mid-1800s and grew quickly until it peaked around 1875 with a take of about 43 million pounds (Taylor, 1998).  Records show that in 1877 more than 1,000 drift nets, each 1,200 feet long, were in the Columbia; commercial gear regulations were not adopted on the Columbia until 1878 (Taylor, 1998).  

Heavy fishing on the Columbia River persisted into the 1900s.  When spring chinook harvest declined, emphasis moved to fall chinook (1880s), steelhead (1890-1900), and coho (1920s).  Generally, commercial harvest of all species declined steadily after 1923, and by 1945, production of all species had declined significantly (Taylor, 1998).  Many other salmon and steelhead from the Sandy River were harvested by the ocean troll fishery.  The number of boats off the mouth of the Columbia River doubled from about 500 in 1915 to about 1,000 in 1919 (Taylor, 1998).  The ocean troll fishery expanded through the 1920s and peaked in the mid-1930s and took a significant portion of fall and spring chinook and coho destined for the Columbia River Basin (Taylor, 1998).  

By the late 1800s, development within the Sandy River Basin also began to affect fish production.  Widespread timber harvest, driving logs down river to mills, road building, agricultural production, and other development, especially in the lower basin, damaged pristine habitat areas.  In 1887, hatchery egg-take operations on the Salmon and Sandy rivers captured many fish returning to upper basin spawning grounds (Taylor, 1998).  

According to Taylor (1998), the building and operating of several dams in the basin during the early 1900s also seriously affected fish habitat and production.  On the Little Sandy River, salmon and steelhead lost access to about 6.5 miles of spawning and rearing habitat after construction of the diversion dam.  The Headworks Dam built on the Bull Run River blocked salmon and steelhead from about 37 miles of habitat in the upper drainage.  Flow diversions at both dams restricted fish production in the lower river sections.  Although constructed in 1913 with a wooden fish ladder, Marmot Dam hindered the upstream and downstream migration of fish and flow diversions often left little water in the Sandy River below the dam, which limited fish production.  

In 1913, fish propagators built a rack spanning the Sandy River below Marmot dam to trap spring chinook, coho, and winter steelhead and collected fish eggs at the site from 1913 to 1955 (Taylor, 1998).  In 1938, fish managers began operating a small hatchery below the dam and produced salmon and steelhead until 1948, when the station was again used strictly for egg collection (Taylor, 1998).  

Portland General Electric made several changes at Marmot Dam after 1950 to improve fish passage, including operating screens in the diversion canal and rebuilding the fish ladder several times (Taylor, 1998).  After 1950 fish returning to the basin to spawn found significantly altered habitat conditions from timber harvest, road construction, urbanization, mining and other activities that remained intense through the 1980s (Taylor, 1998).  Fishing pressure also continued to affect salmon and steelhead production, when ocean and Columbia River harvest began climbing again in the 1950s and expanded through the 1970s as the declining wild runs were replaced by hatchery production (Taylor, 1998).  

In the 1950s, salmon and steelhead had lost access to several once important habitat areas and the remaining runs had declined significantly (Taylor, 1998).  Spring chinook runs had fallen to about 1,500 fish, coho to about 2,000-3,000 fish, winter steelhead to about 2,220 fish, and fall chinook declined significantly (Taylor, 1998).  

Today the basin’s anadromous fish runs have fallen far below historic levels.  Comparisons of old hatchery records and recent spawning surveys suggest that current adult returns are only 10 to 25 percent of 1890 levels, and hatchery-reared fish now dominate the runs (Taylor, 1998).  

Changes in Disturbance Patterns

Fire history in the Sandy River Basin after 1800 has been documented by the Forest Service.  According to fire history maps, in 1900 about half of Clackamas County south of the Bull run area – including the upper Sandy area – was classified as burned (Taylor, 1998).  Several other fires occurred in the early to mid-1900s burning large sections of the upper Sandy, Salmon, Zig Zag and Bull Run watersheds.  Fires would have impacted fish habitats and production by creating large openings in the forest canopy, which may have increased peak stream flows, water temperatures, and by removing understory vegetation leaving soils more exposed to erosion and increasing water turbidity (Taylor, 1998),  

Information for the Sandy River Basin concerning the December 1964- January 1965 flood event was documented by the Corps of Engineers (1966).  Peak discharge for this flood was recorded for the Sandy River near Marmot as 234 cfs per square mile, with the previous maximum flood noted as January 1923 with 111 cfs per square mile.  Excerpts from this report follow.  

The Sandy River experienced devastating flood damage, concentrated almost entirely in its upper valley.  The flood volume was the greatest of record.  The river gradient is very steep and the river bottom is a gravelly silt which offers little resistance to erosion.  The result was an action on the valleys and lower slope that was glacier-like.  Complete changes in appearance of the valley resulted in many places, for example the north bank of the Sandy just upstream from Brightwood showed no indication of buildings, vegetation or topsoil where a group of 40 houses existed prior to the flood.  

The most extensive building damage was experienced by summer homes and permanent residences from Alder Creek upstream to one mile above the Clear Creek campground on the Sandy, Mile Bridge on the Zigzag River, and the lower one-half mile of Still Creek.  Salmon River damage was limited to Welches and Brightwood areas.  Other major tributary damage was found along Boulder Creek, south of Brightwood, and at the mouth of Wildcat Creek.  A total of 155 homes were completely destroyed in the Sandy Basin, with a great many more being damaged.  Of these a majority were unoccupied summer homes, or loss of life would doubtless have been greater than the one reported.  

Using funding from their emergency authorities, the Corps as well as other agencies and local groups did rechanneling and debris clearing on the mainstem Sandy and tributaries amounting to about $1,266,700.  Table 7 provides the location and a description of this work in the basin.  

Historical Conditions Timeline

A historical timeline for the Sandy River Basin is shown in figure 3 and provides many key events and developments that influenced the current state of the natural resources in the Sandy River Basin.  

Table 7.  Corps of Engineers Emergency Work, 1964 Flood

	Location
	Description of Emergency Work

	Sleepy Hollow, Sandy River
	Constructed levee 400 ft. long by 8 ft. high, temporary bank protection

	Sleepy Hollow Bridge location, 

Sandy River
	Cleared debris, constructed diversion embankment & retaining levee 

1500 ft. long by 8 ft. high, temporary bank protection

	Welches location, Salmon River
	Excavated old channel & constructed two diversion embankments

	Rhododendron location, 

Zig Zag River
	Cleared debris, excavated old channel, constructed 600 ft. diversion embankment, 24 ft. high

	Brightwood location, 

Sandy River
	Cleared debris, constructed diversion embankment, excavated a 2000 ft. 

by 150 ft. channel

	Salmon River location, 

Left Bank Sandy River
	Cleared debris, improved and excavated new channel, constructed upstream diversion embankment

	Alder Creek location, 

Right Bank Sandy River
	Excavated old channel for 1000 ft, placed material along right bank and excavated downstream gravel bar

	Boulder Creek from mouth at Salmon River to ½ mi. upstream
	Cleared debris in 1000 ft reach and restored creek channel to pre-flood

capacity

	Sandy River, Brightwood at Zigzag, Oregon
	Cleared debris from 4 mile reach and re-established channel to pre-flood capacity

	Lolo Pass

Sandy River
	Cleared debris from 1 mile reach upstream from bridge and restored channel to former location

	Salmon River at Welches, Oregon
	Excavated old channel and constructed diversion embankment

	Sandy River, right bank downstream Sleepy Hollow Bridge
	Excavated channel through gravel bar 2500 ft. and constructed 600 ft. diversion embankment

	Zig Zag River at Rhododendron

downstream from Brightwood to Hwy 26 bridge
	Cleared debris from stream and realigned channel by excavation

	Zig Zag River 500 ft. to 2000 ft. upstream from Lolo Pass Bridge
	Cleared and disposed of debris, excavated old channel, constructed 

diversion embankment

	Zig Zag river above Rhododendron between Road 29 and Road 24
	Cleared and disposed of debris, excavated old channel, constructed 

diversion embankments at several locations

	Sandy River between

Welches and Alder Creek
	Cleared and disposed of debris, excavated old channel, constructed 

diversion embankment

	Sandy River upstream from confluence with Zig Zag River
	Cleared and disposed of debris, excavated old channel, constructed 

diversion embankments

	Still Creek extends 1500 ft. upstream from its confluence

with Zig Zag River
	Cleared and disposed of debris, excavated old channel, constructed 

diversion embankment

	Sandy River one mile reach extending upstream from mouth of Wildcat Creek
	Cleared and disposed of debris, excavated old channel, constructed 

diversion embankments

	Zig Zag River downstream from Hwy 26 bridge at Rhododendron for approx. one mile 
	Cleared and disposed of debris, only minor channel excavation

	Salmon River, Tawney Bridge
	Rechanneled and graded 1000 ft. of river bed


Source:  Corps of Engineers, 1966

Figure 3.  Historical Conditions Timeline for the Sandy River Basin1

700 BC
 Known Native American inhabitation of the Sandy River Basin.2

1792
Lt. William Broughton under command of Cpt. James Cook names Mount Hood while exploring the Columbia River to honor Rear Admiral Samuel Hood of the British Navy.2

1805
Lewis and Clark explore lower Columbia River and tributaries.  Other Euro-American explorers soon begin scouting Sandy River Basin.

1820s
Use of Sandy River Basin by fur traders.2

1820s
Hudson’s Bay Company constructs two trading posts on Mount Hood; one at the mouth of the Zig Zag River, the other in the Lolo Pass area.2

1838
Daniel Lee drives cattle over Lolo Pass.

1840
First Oregon Trail emigrants travel on foot or by horseback over Cascades via Lolo Pass.2

1845
Emigrant party of Samuel Kimbrough Barlow and Joel Palmer make the first (but failed) attempt to bring covered wagons over Mount Hood.2

1846
Barlow Road opens, bringing emigrants across mountains; Samuel Kimbrough Barlow opens Barlow Trail (toll road) over Mount Hood.2

1849
Hudson’s Bay Company abandons the two Mount Hood trading posts and relocates their operations to today’s British Columbia.2

1858
First sawmill built in lower basin on Cedar Creek.  Other mills built soon after as timber harvest in area increases.

1870
Concern grows that overfishing on Columbia River may deplete salmon runs.

1873
Commercial spring chinook harvest on Columbia River peaks at 43 million pounds.

1877
More than 1,000 drift nets in Columbia River, each net about 1,200 feet long.

1887
Fish propagators build temporary egg-taking stations on Sandy and Salmon rivers.

1890
Sawdust and other mill waste common pollutants in many streams.

1890
Harvest of steelhead on Columbia River increases as spring chinook run declines.

1891
City of Portland begins efforts to secure water from Bull Run River.

1892
President Harrison establishes Bull Run Reserve to protect high-quality drinking water supply for Portland.

1892
Fish propagators build field station for egg-taking and development.

1894
Egg-taking in Sandy drainage intensifies when fish propagators at Clackamas Hatchery stop egg-takes on Clackamas and depend more on Sandy for supply.

1895
Fish propagators build 400-foot-long rack across Sandy River.  Egg-take operations hindered by floating logs and high stream flows.

1895
City of Portland completes diversion bringing Bull Run water to the city.

1896
Fish propagators build small hatchery at the mouth of Boulder Creek on Salmon River.  They collect 2.6 million eggs that fall from 492 females.

1898
Salmon River Hatchery established.

1902
Plans to construct dams on Salmon River and Zig Zag Watersheds halted by landowners refusing to sell to early hydropower developers.2

1903
About 3,551,000 spring chinook eggs collected at Salmon River Hatchery.

1904
Floodwaters deposit material at Sandy River mouth, hindering fish passage.

1904
About 1,327,300 coho eggs spawned at Salmon River Hatchery.

1904
Last known fishing nets by Native Americans at the mouth of the Salmon River.2


1  Source for the general time line is Taylor, 1998.


2  Additions and corrections to time line by Cascade Geographic Society, April 1999.  

Historical Conditions Time Line (continued)

1905
More than 1 million steelhead eggs spawned at Salmon River Hatchery.

1906
Hydropower development on the Sandy and Little Sandy rivers begins.

1907
Many sawmills operate in the lower Sandy River Basin, logging escalates.

1908
Operator of Sandy River Hatchery reports that "there is so much logging on the Sandy River that I am sure the salmon are kept out of the stream."

1908
Forest fires burn much of the upper watershed from late 1800s to 1920.

1911
Salmon River Hatchery operations stop.

1911
Railroad operates 20-mile line from Montavilla to Bull Run powerhouse.

1911
Residents of Sandy restore lower river channel and reopen fish passage.

1912
Anadromous fish runs return to river after barrier near mouth is removed.

1912
Operations at Salmon River Hatchery resume.  About 2,009,000 spring chinook eggs and 417,550 fall chinook eggs taken at station.  Hatchery is abandoned after the season, operations are moved below Marmot Dam.

1912
Marmot Dam completed.  Facility includes fish ladder, but flood damage and egg-take operations at the ladder hinder fish passage to upper basin.

1912
Little Sandy diversion dam completed.  Dam blocks fish passage to areas above dam and water diversions affect production below the dam.

1912
E. Henry Wemme purchases Barlow Trail for $5,400.  He begins to construct bridges to halt the fording of streams.2

1913
About 2.7 million spring chinook eggs collected below Marmot Dam.

1913
Railroad line electrified from Montavilla to Ruby Junction.  Logging companies expand line, building spurs into headwaters of Cedar Creek.

1914
E. Henry Wemme removes toll from the Barlow Trail.  He attempts to give it to the State of Oregon to build a modern highway, but is refused.2

1915
City of Portland builds 10-foot high structure at outlet of Bull Run Lake.

1917
E. Henry Wemme dies and leaves the Barlow Trail in the hands of this attorney and his attorney’s wife.2

1918
Ladder at Marmot Dam rebuilt and improved after repeated flood damage.

1918
Trolley line brings many visitors from Portland to areas along Sandy River, including Dodge Park at confluence of Sandy and Bull Run rivers.

1919
State of Oregon accepts deed to Barlow Trail; receives federal funds and begins to construct the Mount Hood Loop Highway.2

1920
Construction under way on Mount Hood Loop Highway.

1921
Mount Hood Loop Highway’s western section opens from Zig Zag to Government Camp.2

1922
City of Portland builds Headworks Dam, 22 feet high, creates fish barrier.

1926
Ladder at Marmot Dam improved and new pools installed.

1926
Mount Hood Loop Highway’s eastern section opens from Government Camp to Hood River Valley.2

1927
Rail line to Bull Run Park abandoned as people travel more by auto.

1929
City of Portland builds Ben Morrow Dam (Bull Run Dam No. 1) on Bull Run.


1  Source for the general time line is Taylor, 1998.


2  Additions and corrections to time line by Cascade Geographic Society, April 1999.  

Historical Conditions Time Line (continued)

1930
Several campgrounds and trails constructed in watershed.

1938
Small hatchery (Sandy River Station) built immediately below Marmot Dam.

1939
Egg-takes at station include 583,324 coho eggs, 1,514,451 chinook eggs, and 827,634 steelhead eggs.  Fingerlings are released in river below dam.

1940
Production at Sandy River Station begins to decline.

1948
Sandy River Station operated strictly for egg collection.

1950
Road development increases in upper basin to provide access to timber harvest areas.

1950
Sandy River Hatchery completed.

1951
Sandy River Hatchery begins operating.

1951
PGE screens Sandy River diversion canal and constructs juvenile bypass facility in the Marmot Dam diversion canal.

1955
Egg-taking operations at Marmot Dam cease.  Salmon and steelhead runs regain access to upper basin habitat. 

1960
Road development continues in the upper basin.

1961
Hatchery releases increased to rebuild coho runs in the upper watershed.

1964
Floodwaters scour and alter stream channels as they gush through the watershed.  Channelization projects on the lower Salmon, Zigzag and Sandy rivers and Still Creek further reduced fish habitat in the basin.

1965
Winter steelhead escapement drops after rebounding since 1950.  The drop is largely attributed to the flood and channelization efforts and/or overharvest.

1970
Spring chinook production in the basin increases substantially after fish managers start an aggressive hatchery production program.

1974
Minimum stream flows are maintained in the Sandy River below Marmot Dam to provide fish passage and increase rearing areas.

1983 PGE rebuilds the fish ladder at Marmot Dam and installs a fish counter.

1995
In July, the NMFS lists lower Columbia River coho as a candidate species under the Endangered Species Act.  Pre-meetings for the formation of a watershed council for the Sandy River Basin begins between the Cascade Geographic Society, Citizens interested in Bull Run, Mt. Hood Salmon and Trout Enhancement Program, and interested citizens.2
1996
Meetings for the formation of a Sandy River Basin Watershed Council continues and involvement expands.2
1997
Public meetings for the formation of a Sandy River Basin Watershed Council begins.  In April, the Council officially comes into existence.2

1998
On March 12, the Council passes a wild fish policy, making the protection and enhancement of native fish runs a priority in the basin.  The NMFS announces the listing of lower Columbia River steelhead as a threatened species.  PGE announces that they will remove the Little Sandy Dam.2
1999
On January 25, the Council voted to restrict hatchery fish in the basin, and to remove both the Marmot and Little Sandy Dams to aid in the fight against the endangerment of native runs of salmon, trout, and steelhead.  In March, the NMFS announces the listing of lower Columbia River coho salmon, chinook salmon, and chum salmon as threatened species.  Columbia River coastal cutthroat trout is listed as a “proposed” threatened species.  In May, PGE announces the removal of the Marmot and Little Sandy Dams, and officially abandons the Bull Run Hydroelectric project.2 


1  Source for the general time line is Taylor, 1998.


2  Additions and corrections to time line by Cascade Geographic Society, April 1999.  

Lower Sandy River Watershed

Existing Data Sources

Unlike the other watersheds in the Sandy Basin, no comprehensive watershed assessment has been done for the Lower Sandy River Watershed.  Information and data concerning the watershed is scattered within existing reports prepared by the many jurisdictions with management responsibilities in the watershed.  For the Sandy River Delta area, existing information is provided in the 1995 reports, Final Environmental Impact Statement for the Sandy River Delta Plan, and the Sandy River Delta Plan, both prepared by the Forest Service.  Existing information also is provided by the Environmental Assessment and Management Plan documents prepared by the Bureau of Land Management and Oregon State Parks for the Wild and Scenic River portion of the Sandy River in the watershed.  

General Characteristics

The Lower Sandy River Watershed begins at river mile 18.5 of the Sandy River (Dodge Park) and continues downstream to the Columbia River near Troutdale (Columbia River mile 120.5) at the west end of the Columbia River Gorge (figure 4).  Dodge Park’s 40 acres are owned by the Portland Water Bureau.  

The segment of the Sandy River from Dodge Park to Dabney State Park (river mile 6) was designated as a National Wild and Scenic River in October 1988.  This segment of the river, also known as the Sandy River Gorge, was one of the first rivers in Oregon (1972) to be designated as a State Scenic Waterway.  Dabney State Park contains 136 acres of land managed by the Oregon State Parks and Recreation Department.  Oxbow County Park, located at river mile 13, contains 1,000 acres of land managed by Multnomah County Parks.  The 800-foot Sandy River Gorge contains a wide variety of habitats from the river itself to riparian woodlands, conifer forests, and moss and fern-laden cliffs.  Each supports a rich diversity of plant and animal species.  A significant feature is a magnificent stand of old-growth forest growing on the older river terraces within the gorge. 

Where the Sandy and Columbia Rivers merge, sediments have deposited to form a large delta, called the Sandy River Delta.  It covers approximately 1,400 acres and was designated a Special Management Area by the 1986 Legislature.  It was purchased by the Forest Service in 1991 and is part of the Columbia River Gorge Scenic Area.  

In addition to the Sandy River, large streams in the watershed include Walker, Trout, Gordon, Buck, Smith, and Beaver Creeks (table 1).  Of the watersheds in the Sandy River Basin, the Lower Sandy River Watershed is the most urbanized and contains the most agricultural lands.  Beaver Creek enters the Sandy River just south of Interstate 84.  Table 8 shows the elevation, channel length, and gradient of the creek.  As shown in table 9, land use in the drainage is mostly agricultural (63 percent), followed by residential (17.8 percent) and forest (Poracsky, et al, 1990).  The lower third of the creek is undergoing rapid urbanization, most likely because it is in the Portland Metropolitan Urban Growth Boundary (Poracsky, et al, 1990).  

Figure 4.  Lower Sandy River Watershed
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Table 8.  Stream Measurements

	Stream
	Maximum Elevation (ft.)
	Minimum Elevation (ft.)
	Channel Length (ft.)
	Gradient (percent)

	Beaver Creek 
	550
	20
	43,300
	1.2

	Kelly Creek
	445
	225
	21,920
	1.0

	Gordon Creek
	1,635
	85
	42,280
	3.7


Source:  Poracsky, J., J. Holland, and J. Wilt, 1990.

Table 9.  Land Use

	Stream
	Area

(sq. mi.)
	Land Use (percent of area)

	
	
	Residential
	Commercial -Industrial
	Agriculture -Crop
	Forest

	Beaver Creek 
	10.2
	17.8
	2.7
	62.8
	16.7

	Kelly Creek
	4.7
	50.1
	14.9
	29.7
	5.3

	Gordon Creek
	11.5
	---
	6.9
	---
	93.1


Source:  Poracsky, J., J. Holland, and J. Wilt, 1990.

Kelly Creek is the largest of four tributaries to Beaver Creek.  Table 8 shows the elevation, channel length, and gradient of the creek.  As shown in table 9, land use in the drainage is mostly residential (50.1 percent), followed by agricultural (29.7 percent), and commercial-industrial (Poracsky, et al, 1990).  

Gordon Creek enters the Sandy River just upstream from Oxbow County Park.  The North Fork and South Fork of Gordon Creek join in its upper drainage to form the mainstem.  Its drainage area is mostly forest (93.1 percent; table 9) and about 8 percent has been recently logged (Poracsky, et al, 1990).  There are few roads and no significant development along the stream course; the principal man-made feature is a bridge crossing the stream (Gordon Creek Road) about 600 feet from the mouth (Poracsky, et al, 1990).  

According to the Forest Service (1992), the North Fork of Gordon Creek begins at a spring on the northwest side of Larch Mountain and flows for 3.3 miles with a 1,040-foot drop in elevation to its confluence with the South Fork.  Twenty-five percent of the North Fork is located on Forest Service land; 46 percent on BLM land, and 29 percent on Frank Lumber Company Land.  The lower portion of the North Fork is used as a water source for the City of Corbett.  The city diverts most of the flow from the North Fork at river mile 0.75 with an intake/diversion structure crossing the channel (a potential barrier to fish passage).  No descriptive information could be located for the South Fork of Gordon Creek.  

Channel Habitat Types and Description

Existing information describing channel habitat type data for streams in the watershed was found only for the Lower Sandy River, Beaver Creek, Trout Creek, Gordon Creek, and the North Fork of Gordon Creek.  This information is summarized in the following paragraphs.  

Lower Sandy River

According to the ODFW (1997), the Sandy River from Dodge Park (river mile 18.5) downstream to Indian John Island (river mile 15), is characterized by high bluffs, long steep rapids and large deep pools.  Overall, in-stream substrates are composed of small boulders and cobbles with some gravel deposits at the tail end of pools.  Below Indian John Island the Sandy River lessens in gradient and the channel begins to meander.  The overall gradient of the channel to Oxbow County Park (river mile 13) is about 23 feet per mile.  The gradient then lessens and large gravel deposits become evident.  Pools are typically large and often deep, and are separated by short riffles and glides.  This reach is a significant fall chinook holding and spawning area.  

The gradient of the Sandy River from Oxbow County Park downstream to Dabney State Park (river mile 6) lessens to about 8 feet per mile.  Below Dabney State Park, the river continues to the Columbia River at gradients of less than 6 feet per mile.  As the gradient of the channel lessens, large sand deposits become evident.  Large schools of smelt once used these deposits to spawn.  However, smelt returns to the Sandy River and other tributaries have severely declined.  Although some channel braiding occurs, many of the banks are now armored with riprap to protect private property and roads in the lower reach from erosion, which affects the hydrologic mechanisms needed for natural braiding to occur.  

The mouth of the Sandy River is typically shallow and underlain almost entirely with sand and fine sediments.  It is unknown how this shallow condition affects passage by migratory fish into the Sandy River, especially in summer.  However, the mouth has some tidal influence and it is believed that flows from the Sandy River Basin are generally adequate for fish passage even during summer when water levels drop.  

Tributaries

The ODFW (1993) conducted physical habitat surveys (valley character, channel morphology, channel character/dimensions, habitat details, and riparian, bank and wood summary) for Beaver, Gordon, and Trout creeks, as summarized below.  

Beaver Creek was surveyed from its confluence with the Sandy River to a fish ladder at the Troutdale Road Bridge (2,994 meters).

Reach 1 begins at the confluence and extends 854 meters.  The valley floor is broad and channel unconstrained (landforms do not restrict the channel’s lateral movement), single channel.  Primary habitat types are scour pools (77 percent) with sand (43 percent), silt-organic matter (37 percent), and gravel (13 percent) substrates; and riffles (12 percent) with sand (52 percent), silt/organic matter (23 percent), and gravel (19 percent) substrates.  Woody debris is absent or very low, with no habitat complexity/cover created.  Riparian vegetation is a mix of young hardwoods and shrubs.  About 82 percent of stream banks are vegetation stabilized; 14 percent is actively eroding.  Land use is urban and rural residential.  

Reach 2 extends for another 1,045 meters.  The valley floor is broad and channel constrained by high terraces and hillslopes.  Primary habitat types are scour pools (57 percent) with sand (39 percent), silt/organic matter (38 percent), and gravel (16 percent) substrates; and rapids (26 percent) with gravel (41 percent), cobble (19 percent), sand (18 percent), and silt-organic matter (16 percent) substrates.  Woody debris is absent or very low, with no habitat complexity/cover created.  Riparian vegetation is a mix of young hardwoods and shrubs.  All stream banks are vegetation stabilized.  Land use is urban and rural residential.  

Reach 3 extends 1,096 meters to the fish ladder.  The valley floor is narrow with a steep v-shape.  The channel is constrained by hillslopes.  Primary habitat types are cascades (49 percent) with cobble (30 percent), boulders (22 percent), and gravel (20 percent) substrates; and rapids (37 percent) with cobble (31 percent), gravel (20 percent), boulders (18 percent), sand (16 percent), and silt-organic matter (14 percent) substrates.  Woody debris is absent or very low, with no habitat complexity or cover created.  Riparian vegetation is a mix of conifers/deciduous trees and shrubs.  About 48 percent of stream banks are vegetation stabilized; 31 percent non-erodible (bedrock or boulder-lined bank); 12 percent actively eroding; and 8 percent boulder/cobble (stable).  Land use is urban and rural residential.  

Gordon Creek was surveyed from its confluence with the Sandy River to the North Fork/South Fork Gordon Creek split (12,131 meters).  A possible fish barrier (4-meter high step over bedrock with 80 percent slope) was noted about 8,800 meters from the mouth.  

Reach 1 begins at the confluence and extends 2,591 meters to Cat Creek.  The valley is mostly narrow with a steep v-shape.  The channel is constrained by hillslopes.  Primary habitat types are rapids (52 percent) with cobble (38 percent), gravel (31 percent), and sand (17 percent) substrates; and cascades (42 percent) having cobble (33 percent), gravel (31 percent), boulders (11 percent), and sand (16 percent) substrates.  Woody debris is absent or very low, with no habitat complexity/cover created.  Riparian vegetation is a mix of young conifers and hardwoods, and shrubs.  About 90 percent of stream banks are vegetation stabilized and there is no active erosion.  Land use is second growth timber.  

Reach 2 begins at Cat Creek and extends 3,939 meters to Thompson Creek.  The valley is narrow with a steep v-shape.  Channel is constrained by hillslopes.  Primary habitat type is cascades (85 percent) with various amounts of cobble, gravel, sand, and boulder substrates.  Woody debris is very low with no habitat complexity/cover created.  Riparian vegetation is a mix of young conifers and hardwoods, and shrubs.  About 97 percent of stream banks are vegetation stabilized; 1.2 percent are actively eroding.  Land use is large timber.  

Reach 3 begins at Thompson Creek and extends 5,349 meters.  Valley is narrow with a moderate to steep v-shape.  Channel is constrained by hillslopes.  Primary habitat type is cascades (91.5 percent) with various amounts of cobble, gravel, sand, and boulder substrates.  Woody debris is very low with no habitat complexity/cover created.  Riparian vegetation is a mix of young conifers and hardwoods, and shrubs.  About 89 percent of stream banks are vegetation stabilized and none are actively eroding.  Land use is large timber.

Reach 4 extends 252 meters to the North Fork/South Fork split.  The valley is broad and the channel unconstrained.  Primary habitat type is rapids (90 percent) with primarily cobble (33 percent), gravel (33 percent), and sand (14 percent) substrates.  Woody debris is very low with no habitat complexity/cover created.  Riparian vegetation is young deciduous trees and shrubs.  About 92.5 percent of stream banks are vegetation stabilized; 7.5 percent are actively eroding.  Land use is second growth timber.  

Trout Creek from its confluence with the Sandy to Gordon Creek Road crossing (1,959 meters).  A fish barrier (4 meter high falls) is located about 1,500 meters from the mouth.  
Reach 1 from the confluence and extends 749 meters.  Valley is broad and channel is unconstrained.  Primary habitat types are glides (52 percent) with primarily sand (76 percent) and silt/organic matter (16 percent) substrates, and rapids (22 percent) with primarily gravel (40 percent), cobble (35 percent) and sand (23 percent) substrates.  Woody debris is very low with no habitat complexity/cover created.  Riparian vegetation is young alders and shrubs.  About 62 percent of stream banks are vegetation stabilized; 25 percent actively eroding; and 13 percent boulder/cobble (stable).  Land use is second growth timber.  

Reach 2 extends 459 meters.  The average gradient is moderately high (5.8 percent).  The valley is broad and channel is constrained by high terraces.  Primary habitat types are rapids (51 percent) with primarily gravel (43 percent) and cobble (31 percent) substrates, and cascades (49 percent) with primarily gravel (34 percent) and cobble (34 percent) substrates.  Woody debris is very low with no habitat complexity/cover created.  Riparian vegetation is alders and shrubs.  All stream banks are vegetation stabilized.  Land use is large timber.  

Reach 3 extends 751 meters.  Average gradient is high (10.2 percent).  The valley is narrow with a moderate to steep v-shape.  Channel is constrained by hillslopes.  Primary habitat type is cascades (96 percent) with primarily cobble, boulder, and gravel substrates.  Woody debris is very low with no habitat complexity/cover created.  Riparian vegetation is mixed alders and conifers and shrubs.  About 83 percent of stream banks are vegetation stabilized; 5 percent are actively eroding; 8 percent are non-erodible; and 3 percent are boulder/cobble.  Land use is a mix of second growth and large timber.

The North Fork of Gordon Creek and four of its small tributaries were surveyed by the Forest Service (1992).  Reach 1 extended from the confluence to river mile 1.2; reach 2 extended from this point to river mile 2.3; and reach 3 extended from this point to river mile 3.3, where the channel became dry.  The creek had a high amount of side channels, but most contained low flow or were dry.  The channel became braided in areas of reaches 1 and 2 as the valley form became flat.  Erosion was seen in the first two reaches, as well as bank failure and undercut banks.  Riparian habitat was diverse for all reaches.  Siltation was observed from river mile 2.0 to 2.7 where a clearcut occurred and a gravel pit was located on the right bank.  Amphibians were seen throughout the survey area and may have been Copes salamanders, a sensitive species.  Specific data for the reaches is provided below.  

Reach 1 had a moderate flat-floored valley with an average gradient of 3 percent.  The channel had an average width of 15.1 feet, was shallow, and had substrate dominated by cobble with gravel.  Sapling pole trees of alder and small trees of hemlock/Douglas fir dominated the riparian habitat.  Stream bank shading was 20 to 30 percent.  Fish cover was rated at 21 to 40 percent (substrate dominant).  Pool to riffle habitat area ratio was good.  

Reach 2 was narrow and flat-floored with an average gradient of 5 percent.  The channel had an average width of 7.4 feet, was of moderate depth, and had substrate dominated by gravel.  Seedlings (hemlock)/shrubs and small trees of hemlock/Douglas fir dominated the riparian habitat.  Stream bank shading was greater than 60 percent.  Fish cover was rated at 20 to 30 percent (woody debris dominant). Pool to riffle habitat area ratio was good.  

Reach 3 was a moderate v-shaped valley with an average gradient of 10 percent.  The channel had an average width of 4.9 feet, was moderate in depth, and had substrate dominated by cobble with gravel.  Open understory with small to large hemlocks dominated the riparian habitat.  Stream bank shading was greater than 60 percent.  Fish cover was rated at zero to 10 percent (woody debris dominant).  Pool to riffle habitat area ratio was poor.  

Hydrology and Water Use

Precipitation

Average annual precipitation in the Lower Sandy Watershed is about 45 inches, as measured at Troutdale (PGE, 1998).  Precipitation in the watershed is primarily in the form of rain and varies throughout the year.  July and August are the driest months.  Two-thirds of the yearly precipitation falls in November through March.  

Surface Water

In the Lower Sandy Watershed, the U.S. Geological Survey (USGS) maintains a stream gage (#14142500, drainage area 436 square miles) on the left bank of the Sandy River at river mile 18.4, which is 0.1 mile below the confluence with the Bull Run River (USGS, 1999).  For the period of record (1910-14, 1929-66, 1984-current), average discharge is 2,310 cfs and minimum discharge is 45 cfs on September 26, 1962.  Figure 5 shows the percent annual discharge by monthly mean using 44 years of record (Forest Service, 1995b).  The estimated mean monthly flows for the Sandy River at the mouth are shown in figure 6 (WRD, 1991).  Flows in the lower Sandy River are generally highest from November through June, when median daily flows range from 1,180 to 3,040 cfs, and are generally the lowest from August to October when median flows range from 410 to 660 cfs (Portland Water Bureau, 1998).  

Large floods tend to occur as a result of rain-on-snow events during the winter and two events in the past 40 years have contributed to peak flow events.  At USGS gage #14142500, maximum discharge was 84,400 cfs on December 22, 1964 with a gage height of 22.3 feet.  For the February 1996 flood event, maximum discharge at this gage was reported as different values for the peak on February 7:  65,800 cfs and 85,800 cfs by the Corps of Engineers (1997), and 68,600 cfs by the USGS (1999).  

Groundwater

According to the Water Resources Department (1991), near the mouth of the Sandy River alluvium and the underlying Troutdale Formation (sandstone/conglomerate) contain an abundant supply of water, yielding 500 to 1,000 gallons per minute.  For most of the watershed, the Troutdale Formation is the main groundwater reservoir, and can supply from 100 to 500 gallons per minute.  

Figure 5.  Percent Annual Discharge, Lower Sandy River
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Source:  Forest Service, 1995b

Figure 6.  Mean Monthly Flows, Sandy River at Mouth
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Source:  WRD, 1991

Water Use and Availability

In 1988, the Oregon Supreme Court, in Diack, et al. v. City of Portland, et al., ruled that before authorizing a diversion of water from within or above a scenic waterway, the Water Resources Commission must find that the requirements of the scenic waterways act are met (WRD, 1991).  The principal requirement is that the free-flowing character of these waters must be maintained in quantities necessary for recreation, fish and wildlife.  For the Sandy River State Scenic Waterway, the Commission determined that minimum stream flows of 1,500 cfs in December, 1,900 cfs in January-February, and 2,000 cfs in March to May are required for protection of recreation, fish, and wildlife values.  

In-stream water rights were created in 1987 as a water management tool and serve a similar function as minimum stream flows but have the more secure status of a water right (WRD, 1991).  Only the Departments of Fish and Wildlife, Environmental Quality, and Parks and Recreation may apply for in-stream water rights.  In 1991, the ODFW applied for in-stream water rights in the watershed to provide fish with adequate flow on the lower Sandy River, Trout Creek, Gordon Creek, and Beaver Creek; these rights were certified on April 30, 1991 (ODFW, 1997).

Existing water right data for surface water and groundwater was obtained from the from the Water Resources Department’s Water Rights Information System (as of April 28, 1999).  Surface water and groundwater rights by use for the entire Sandy River are shown in table 10 and cannot be differentiated for the Lower Sandy and Sandy Watersheds.  Table 11 shows the surface water rights and table 12 shows groundwater rights by use for the tributaries in Lower Sandy River Watershed.  

Table 10.  Surface Water and Groundwater Rights by Use for the Sandy River

	Sandy River 

(entire)
	Total

(cfs)
	Irrigation

(cfs)
	Fish/Wildlife

(cfs)
	Agriculture

(cfs)
	Industrial &

Municipal (cfs)

	Surface water rights
	13.62
	1.63
	5.37
	0.02
	6.60

	Groundwater rights
	19.17
	5.21
	0
	1.09
	12.87



Source:  Water Resources Department, Water Rights Information System, online at

http://www.wrd.state.or.us, as of April 28, 1999.

Water availability information was obtained from OWRD’s Water Availability Reporting System for streams in the watershed listed in table 13 (online at http://www.wrd.stte.or.us, as of May 9, 1999, exceedance level 80 percent).  The WRD cautions, however, that water availability is dynamic and its status changes as new uses for water are permitted. The water availability information presented represents water availability today, and is subject to change at any time.  Water availability is calculated considering all relevant out of stream consumptive uses, in-stream water rights, and scenic waterway flows.  In some cases, water is shown to be not available because of an in-stream water right or scenic waterway flow.  If the in-stream water right or scenic waterway flow is so conditioned, water may in fact, be available for some uses such as domestic and livestock though the information shows no water to be available.  

Table 11.  Surface Water Rights by Use, Lower Sandy Watershed Tributaries

	Tributary
	Total

(cfs)
	Irrigation

(cfs)
	Fish/Wildlife

(cfs)
	Agriculture

(cfs)
	Industrial &

Municipal (cfs)

	Beaver Creek
	3.48
	3.18
	
	
	0.30

	Kelly Creek
	0.21
	0.21
	
	
	

	S Fk Beaver Cr
	0.02
	
	0.01
	
	0.01

	N Fk Beaver Cr
	0.38
	0.38
	
	
	

	Keanes Creek
	0.01
	
	
	
	0.01

	Bonnie Brook
	0.19
	0.05
	
	
	0.14

	Smith Creek
	0.55
	0.29
	
	0.01
	0.25

	Big Creek
	1.61
	1.42
	
	0.03
	0.16

	Buck Creek
	0.01
	
	
	
	0.01

	Gordon Creek
	0.01
	
	
	
	0.01

	Cat Creek
	0.06
	0.06
	
	
	

	McCullough Creek
	0.49
	
	
	
	0.49

	S Fk Gordon Cr
	2.00
	
	
	
	2.00

	N Fk Gordon Cr
	2.00
	
	
	
	2.00

	Trout Creek
	0.89
	0.87
	0.01
	
	0.01

	Lusted Creek
	0.25
	0.21
	0.04
	
	

	Bear Creek
	1.18
	0.16
	1.01
	0.01
	

	Unnamed Str > Sandy R
	0.01
	
	
	
	0.01

	Walker Creek
	11.01
	
	
	
	11.01

	Total
	24.36
	6.83
	1.07
	0.05
	16.41


  Source:  Water Resources Department, Water Rights Information System, http://www.wrd.state.or.us, April 28, 1999.

Table 12.  Groundwater Water Rights by Use, Lower Sandy Watershed Tributaries

	Tributary
	Total

(cfs)
	Irrigation

(cfs)
	Fish/Wildlife

(cfs)
	Agriculture

(cfs)
	Industrial &

Municipal (cfs)

	Beaver Creek
	12.21
	5.08
	
	2.06
	5.07

	Kelly Creek
	3.65
	2.00
	
	0.76
	0.89

	Unnamed Str > Kelly Cr
	2.10
	1.82
	
	
	0.28

	Unnamed Str > Beaver Cr
	2.08
	
	
	2.08
	

	S Fk Beaver Cr
	0.32
	0.04
	
	0.28
	

	N Fk Beaver Cr
	1.14
	0.92
	
	
	0.22

	Keanes Creek
	0.78
	0.78
	
	
	

	Smith Creek
	0.62
	0.62
	
	
	

	Lusted Creek
	0.45
	0.45
	
	
	

	Bear Creek
	1.24
	
	
	1.24
	

	Total
	24.59
	11.71
	0
	6.42
	6.46


  Source:  Water Resources Department, Water Rights Information System, http://www.wrd.state.or.us, April 28, 1999.

Table 13.  Water Availability

	Stream
	Months water may not be available

	Sandy River at mouth
	Jan, Mar, May-Jul, Sep through Nov

	Trout Creek
	All months

	Gordon Creek
	Jan, Apr, May through Nov

	Beaver Creek
	Jan, Mar, May through Jul, Sep through Nov


  Source:  Water Resources Department, Water Availability Reporting System, http://www.wrd.state.or.us, May 9, 1999. 

Channel Modifications

Available information on channel modification activities in the watershed such as roads and road culverts, stream-bank protection areas, mining areas, channelization, and dikes/levees is mostly described in the other assessment topics in this section.  There are no large dam/reservoir projects in the watershed.  

In the Sandy River Delta area, the Forest Service (1995b) reports that the most influential impact has been the damming of the Columbia River which limits the spring freshet (a rapid, short-duration increase in stream flow due to snowmelt runoff).  A levee constructed along the east shore of the Sandy River also limits the interaction between the river and its floodplain.  A rock dam built in the 1930s to rechannel the mouth of the river to improve the smelt fishery partially isolates a slough from the river.  A levee on the east shore of the Sandy River was built in the 1940s and the river was dredged in its reach which has the I-84 bridge.  Roads have impacted surface water and groundwater in the southwest corner of the delta area through creation of embankments and by excavation of borrow material.  Other impacts include a number of drainage ditches developed for agriculture and other purposes, and wetland fill from Corps of Engineers dredge activities.  

Riparian/Wetland Conditions

Specific riparian information was provided in conjunction with the channel habitat type surveys conducted by the ODFW and the Forest Service for some watershed streams as previously described.  Otherwise, there is little specific information provided in available documents concerning riparian conditions in the watershed.  The ODFW (1990) generally indicates that riparian habitat in the watershed has been significantly altered by increases in recreation, residential and agricultural activity.  

Because it is situated close to the Portland Metropolitan area, the lower Sandy River has heavy recreational use that impacts riparian vegetation and increases the erosion of stream banks.  

In the Sandy River Delta, the Forest Service (1995b) reports that only about 25 percent of the delta area remains forested with deciduous trees; the remainder is mostly meadow.  Their management plan has been designed to rectify this problem.  This loss resulted primarily from urban development, agricultural development including grazing, and transportation development.  

There is little specific wetland information provided in available documents for the watershed, except for the Sandy River Delta area.  Wetlands are likely present in the watershed due to surface water saturation in sloughs and along stream banks, and due to groundwater discharge in wet meadows, through seeps, and into sloughs.  The National Wetland Inventory prepared by the US Fish and Wildlife Service should be consulted during the next phase of assessment to determine wetland locations and types in the watershed.  

The Sandy River Delta area contains about 270 acres of wetlands of two types:  riverine and palustrine (Forest Service, 1995b).  Riverine wetlands along the Columbia River include emergent, unconsolidated, and aquatic bed classes; along the Sandy River riverine wetlands consist of the rocky shore class.  Palustrine wetlands in the area include forested, scrub-shrub, emergent, and unconsolidated bottom.  

Sediment Sources

The processes that may contribute to sedimentation in the Lower Sandy Watershed include landslides and surface erosion from timber harvest, cropland, range land, urban runoff, roads, and highway sanding.  Very little specific information on erosion processes or erosion estimates were found for the watershed in available documents.  

There are concerns in the Beaver Creek drainage related to sedimentation.  The drainage has experienced degradation from the encroachment of Portland’s suburbs, and agricultural operations along the creek have resulted in excess sedimentation in the channel (Portland Water Bureau, 1998).  The stream’s low gradient results in a diminished flushing capacity that increases deposits of fine sediments that degrade spawning and rearing habitats, and water temperatures are elevated in the creek which further diminishes its habitat for salmonids (Portland Water Bureau, 1998).  

Water Quality

Existing data for water quality in the Lower Sandy River Watershed has been sporadically collected.  No existing water quality data was found for the tributaries in the watershed.  There is not enough existing data to provide a consistent picture of baseline water quality conditions, and further study is likely needed to adequately assess conditions and trends.  

The Oregon Department of Environmental Quality (ODEQ) sampled water quality periodically between 1965 to 1975 near Dodge Park, and from 1968 to the present at Troutdale (BLM, 1992; PGE, 1998).  This data shows that the lower Sandy River meets or exceeds established state water quality standards almost all of the time (BLM, 1992).  

The BLM collected chemical and bacterial water quality data from August 1991 to September 1996 at two locations in the Lower Sandy Watershed:  at USGS gage #14142500 and at the Stark Street Bridge near Troutdale.  Water quality parameters for bacteria and inorganics were found to be within acceptable limits, and overall the two stations appeared much alike (Barber, 1993).  Water temperatures, however, were found to exceed the criteria for anadromous fish for several weeks during the summer months (Barber, 1993).  The BLM no longer collects data due to funding constraints.  

The ODEQ has listed the Sandy River from its mouth to Marmot Dam on the 1998 303(d) list as water quality limited for exceeding the summer water temperature standard applied to waters designated for salmonid rearing (ODEQ, 1999, online at http://deq.state.or.us).  

Fish and Fish Habitat

Lower Sandy River

According to the Forest Service (1995b), the lowest three miles of the Sandy River is characterized by a low gradient, low velocity, seasonal low flows, high summer water temperature, and a sandy-silty substrate that favors warm water fish species such as bass, crappie, bluegill, shad and smelt.  Although these factors limit spawning and rearing habitat for salmon and trout species, anadromous fish species including steelhead, coho salmon, and chinook salmon pass through this area to tributaries and up-river spawning grounds.  The gradient in the lower 17 miles of the Sandy River averages only 9 feet per mile (0.17 percent slope) and affects fish habitat by allowing the build up of silt and sand over salmonid spawning gravels (ODFW, 1997).  

In the lower Sandy River, natural production of native anadromous fish and other fish species has been significantly reduced because of habitat degradation caused by urbanization and development, roads, logging, agricultural and nursery practices, water quality problems especially high summer water summer temperatures, and the loss of riparian areas.  

Tributary Streams

The tributary streams in the Lower Sandy Watershed historically supported important spawning and rearing habitat for anadromous fish and other fish species.  According to the ODFW (1997), fish habitat in Beaver Creek has been heavily impacted by urbanization and nursery stock production activities, degraded water quality, siltation, poor culvert passage, and low in-stream habitat complexity.  Habitat in Cedar Creek has been blocked to anadromous and resident fish since the early 1950s by the Sandy Hatchery weir located about 0.5 miles upstream from its confluence with the Sandy River.  Also, habitat in Buck 

Creek, a relatively high gradient stream, was heavily impacted by debris during floods in 1964 and again in 1996.  In addition, a culvert under Gordon Creek Road has been a velocity barrier to upstream migrating fish since the 1950s.  

According to the ODFW (1997), Gordon Creek is recognized as an important stream for fall chinook spawning during freshet conditions in the Sandy River, and about 6 miles of habitat exists for winter steelhead, coho salmon and cutthroat/rainbow trout.  Water from Gordon Creek is diverted by the City of Corbett for municipal use using a small diversion located at about river mile 8.  There also is a passage problem caused by a debris jam at river mile 0.5.  

For other tributaries in the watershed, such as Walker and Trout Creeks, no specific information was found in available documents concerning habitat conditions for anadromous fish and other fish species.  Nevertheless, the development activities described above have likely caused fish habitat degradation and reduced natural production in these and other streams in the Lower Sandy Watershed.  

Conclusions

General

· No comprehensive assessment of watershed resources exists for the Lower Sandy River Watershed.  

· Many jurisdictions are responsible for resource management in the watershed, and agreement on management direction is an important issue.  

· Residential, commercial, industrial, and agricultural land uses are likely much higher than that found in other basin watersheds.  

Channel Habitat Types

· Specific channel habitat information exists only for some streams in the watershed, including the lower Sandy River, Beaver Creek, Trout Creek, Gordon Creek, and the North Fork of Gordon Creek.  

Hydrology and Water Use

· Stream gages exist on the Sandy River in the upper and lower portions of the watershed.  

· Large floods tend to occur as a result of rain-on-snow events such as in 1964 and 1996.

· Groundwater resources contain an abundant supply of water.  

· Surface and groundwater rights are primarily for municipal and industrial uses, followed by irrigation and agricultural uses.  

Channel Modifications

· In general, channel modification activities in the watershed include roads and road culverts, stream-bank protection areas, channelization, and dikes/levees.

· There are no large dam/reservoir projects in the watershed.  

· Actions that have modified the channel in the delta area including damming the Columbia River, levee construction, roads, drainage ditches, and dredge fill.  

Riparian/Wetland Conditions

· In general, riparian habitat along tributary streams in the watershed has been significantly altered by increases in recreation, residential and agricultural activity.  

· Specific riparian information was provided in conjunction with the channel habitat surveys conducted for some streams.  Otherwise, there is little specific information provided in available documents concerning riparian conditions in the watershed.  

· There is little specific wetland information provided in available documents for the watershed.  Wetlands are likely present due to surface water saturation in sloughs and along stream banks, and due to groundwater discharge.  

· The National Wetland Inventory prepared by the US Fish and Wildlife Service should be consulted during the next phase of assessment to determine wetland locations and types in the watershed.  

Sediment Sources

· The processes contributing to siltation in the watershed may include landslides and surface erosion from timber harvest, cropland, range land, urban runoff, roads, and highway sanding.  

· No specific information on erosion processes or erosion estimates were available for the watershed.  

Water Quality

· Water quality data has been sporadically collected for the lower Sandy River and does not provide a consistent picture of baseline water quality conditions.  No data was found for the tributaries in the watershed.  

· Existing data for the lower Sandy River does show that most water quality parameters are within acceptable limits, except for summer water temperatures.  

Fish and Fish Habitat

· Natural production of anadromous fish and other fish species in the watershed has been significantly reduced by habitat degradation.  

· Fish habitat throughout the watershed has been significantly degraded by urbanization, agriculture including nursery stock production, degraded water quality, siltation, poor culvert passage, and low in-stream habitat complexity.  

· Fishery habitat restoration opportunities in the watershed are great, and include actions such as adding in-stream habitat complexity, restoring riparian areas, and repairing culverts.  

Bull Run/Little Sandy Watershed

Existing Data Sources

There are two comprehensive data sources for the Bull Run/Little Sandy Watershed:  the Bull Run Watershed Analysis, 1997, prepared by the Forest Service, Mount Hood National Forest, and the Initial Information Package for the Bull Run Hydroelectric Project, FERC No. 477, December 1998, prepared by Portland General Electric.  There are many other existing documents providing fairly recent information for the watershed, primarily by Portland General Electric, the City of Portland, the Oregon Department of Fish and Wildlife, and the Forest Service.  

General Characteristics

The Bull Run/Little Sandy Watershed is shown on figure 7 and includes portions of Multnomah and Clackamas Counties.  The mainstem Bull Run River is about 25 miles long and originates from Bull Run Lake (elevation 3,160 feet), a large natural lake to the northwest of Mount Hood.  Many large tributary streams contribute significantly to the flows produced in this watershed including the Little Sandy River; Blazed Alder, Fir, Cougar, and Camp Creeks; and the North Fork and South Fork of the Bull Run River 

(table 1).  Elevations in the watershed range from 260 feet at its western edge to 4,750 feet at Buck Peak on its northeastern boundary.  

The water resources in the watershed are highly developed and utilized for municipal water supply and hydropower production.  The City of Portland operates two dams on the Bull Run River that impound two reservoirs, storing an estimated 17 billion gallons of municipal water (about 10 billion gallons is usable due to water quality related limitations on reservoir drawdown).  The Headworks Dam is located at river mile 6.2, and the Bull Run powerhouse at river mile 1.5.  The river between these two structures is about 4.7 miles in length.  The Bull Run River enters the Sandy River at river mile 18.5 (Dodge Park). 

The Little Sandy River is a large tributary that empties into the Bull Run River at river mile 2.9.  The river flows for 14.9 miles over a 2,680 foot drop in elevation to its confluence with the Bull Run River (Forest Service, 1991).  A Portland General Electric diversion dam is located on the Little Sandy River 1.5 miles upstream from its confluence with the Bull Run River.  

There are about 88,962 acres (139 square miles) of land in the watershed area, and federal lands account for about 89 percent (78,899 acres) of the watershed; the City of Portland’s Water Bureau owns about 5 percent (4,426) of the watershed and also operates water supply facilities on federal land under Forest Service special-use permits (Forest Service, 1997).  Portland General Electric owns about 595 acres and 5,042 acres are under other private ownership (Forest Service, 1997).  

Figure 7.  Bull Run/Little Sandy Watershed

[image: image6.png]



Channel Habitat Types and Description

Bull Run River

The lower Bull Run River from its mouth to the powerhouse is 1.5 miles long.  The lower 0.4 miles of the river is relatively broad with channel widths ranging from 300 to 500 feet, and the channel is dominated by small to large cobble substrates (Portland Water Bureau, 1998).  This section is composed of 16 percent riffle habitat, 60 percent run habitat, and 24 percent pool habitat (Portland Water Bureau, 1998).  Spawning gravels are scarce for anadromous salmonids in this reach, and spawning and rearing habitat is only fair due to a lack of habitat structure and cover (Portland Water Bureau, 1998).  The section of the river between river miles 0.4 and 1.5 is located in a confined box-type canyon with maximum channel widths from 140 to 160 feet (Portland Water Bureau, 1998).  Substrates consist of large boulders, large cobbles, and bedrock; habitat conditions are considered good because of boulders, bedrock outcroppings (which provide a complex habitat structure and cover), and deep pools (Portland Water Bureau, 1998).  Spawning gravels are also scarce in this reach.  

The Bull Run River from the powerhouse to the Headworks Dam is about 4.8 miles in length and narrower and higher in gradient (Portland Bureau of Water, 1998).  Much of the river is located in a steep canyon dominated by bedrock and large boulders; large pools and riffles are the dominant habitat features (Portland Bureau of Water, 1998).  Habitat conditions are considered good to excellent for juvenile salmonids because of large boulders, bedrock outcroppings, abundant “pocket water” habitat in riffle and runs, and deep pool habitats (Portland Water Bureau, 1998).  Spawning gravels, however, were scarce in this reach.  Habitat quality is affected during the summer months by low flows and high water temperatures.  

The Bull Run River above the Headworks Dam to Bull Run Lake is about 18 miles long.  Aquatic habitat types consist of riffles (48 percent), pools (21 percent), and side channels

(6 percent); large woody debris is fairly low at about 12 pieces per mile (Forest Service, 1997).  Anadromous fish are not able to migrate past the Dam No. 2 spillway weir (river mile 5.8).  

Little Sandy River

In 1997, the ODFW conducted physical habitat surveys (valley character, channel morphology, channel character/dimensions, habitat details, and riparian, bank and wood summary) for the Little Sandy River and its tributary A (unnamed); survey results are summarized below (ODFW, 1997; PGE, 1998).  Table 14 summarizes some of the stream characteristics of the individual reaches surveyed in the Little Sandy River and tributary A (ODFW, 1997; PGE, 1998).  

The Little Sandy River survey began at its confluence with the Bull Run River and extended for 25,663 meters to its headwaters.  In general, the river is constrained by hillslopes with sections of narrow bedrock valley.  A 19-meter high and 10-meter high bedrock falls (reaches 10 and 13) are upstream passage barriers.  Three smaller bedrock falls (2.5 to 3.2 meters high) in reaches 4,5, and 7 are possible barriers.  Rapids and scour pools are the dominant habitat types in the river.  In-stream wood volume is mostly low or moderate (for all reaches except 12).  Land use is large/mature timber, and large conifers dominate the riparian zone.  

The tributary A survey began at its confluence with the Little Sandy and extended 2,529 meters to a culvert crossing on a spur road from Ashcoff Road.  The first 550 meters is constrained by high terraces within a broad valley.  Average gradient is 3.3 percent.  In-stream habitat is mostly rapids and riffles with scour pools.  Gravel, cobble, and sand are the most common substrate types.  Land use is mature timber.  The remaining 1,979 meters of tributary A is hillslope constrained within a moderate v-shaped valley.  Average gradient is 8.3 percent.  In-stream habitat consists of rapids and cascades; riffles are absent.  Cobble and gravel are the most common substrates.  Land use is mature timber.  

The Forest Service surveyed the first nine miles of the Little Sandy River (Forest Service, 1991).  The first 4.2 miles of the river is in a narrow, v-shaped valley with an average gradient of 3 percent.  The substrate consists of cobble and small bounders.  

Large woody debris was 2.8 pieces per 1,000 feet.  Riparian vegetation consisted mostly of western hemlock and cedar, with poor stream bank shading (zero to 19 percent).  There was good bank stability.  From river mile 4.2 to 9.0, the valley has a moderate v-shaped character with an average gradient of 5 percent.  The substrate consists of cobble and small boulders.  Large woody debris was 7.1 pieces per 1,000 feet.  Riparian vegetation consisted mostly of western hemlock and cedar, with fair stream bank shading (20 to 30 percent).  There was good bank stability.  

Table 14.  Stream Characteristics, Little Sandy River by Reach

	Reach
	Length

(meters)
	Gradient
	Channel

Form1
	Land

Use2
	Bank

Erosion

%
	Active Channel Width

(meters)
	Percent

Pools
	Wood Debris3 volume 

m3/100m
	Riparian Trees

total per

1000 ft.

	LITTLE SANDY RIVER

	1
	2794
	2.8
	CB
	LT
	0
	14.4
	26.8
	6.9
	1902

	2
	4285
	2.9
	CH
	ST
	1.1
	21.9
	26.3
	7.7
	1066

	3
	2061
	2.7
	CA
	MT
	0
	17.8
	18.1
	14.5
	1128

	4
	2635
	3.7
	CH
	MT
	2.2
	18.5
	22.9
	17.4
	732

	5
	762
	8.2
	CB
	MT
	0
	18.0
	9.6
	12.5
	732

	6
	832
	6.5
	CH
	LT
	0
	19.5
	9.6
	11.5
	610

	7
	3771
	4.4
	CH
	ST
	3.2
	13.8
	7.1
	10.8
	2174

	8
	3194
	0.5
	TC
	ST
	2.5
	11.8
	70.0
	14
	935

	9
	636
	9.2
	CH
	ST
	4.8
	12.3
	8.4
	11.9
	732

	10
	905
	1.1
	TC
	LT
	1.5
	11.1
	50.8
	21.2
	1890

	11
	2519
	2.2
	CA
	LT
	5.2
	5.5
	24.5
	28
	1475

	12
	770
	9.6
	CH
	MT
	0
	4.5
	3.9
	83.9
	792

	13
	500
	11.2
	CH
	MT
	0
	4.5
	0
	5.5
	1341

	LITTLE SANDY TRIBUTARY A

	1
	550
	3.3
	TC
	MT
	7.2
	6.0
	19.0
	41.1
	1097

	2
	1979
	8.3
	CH
	MT
	0.5
	5.6
	12.0
	39.0
	976


Source:  ODFW, 1997; PGE, 1998

1CH=constrained by hillslopes   TC=constrained by high terraces   CA=constrained by hillslopes/high terraces

  CB=constrained by bedrock

2ST=second growth timber (15-30 dbh)   LT=large timber (30-50 dbh)   MT=large timber (50-90 dbh)

3Volume greater than 30 m3 per 100 meters is considered high.

Tributary Streams

Channel habitats for many of the larger tributary streams in the watershed were surveyed by the Forest Service (1997), and information is summarized in table 15.  Otter Creek’s high levels of large woody debris is likely because the drainage has been heavily disturbed by timber harvest (Forest Service, 1997).  During the mid-1970s, upper Cedar Creek and Blazed Alder Creek were both clearcut to their stream banks to provide for reservoir construction, which never happened (Forest Service, 1997).  

Table 15.  Tributary Characteristics

	Stream

(Year of Survey)
	Habitat Type/Percent of Total
	Pools

per

mile
	In-channel

LWD

pieces per mile

	
	Riffles
	Pools
	Side Channels
	
	

	Fir Creek (95)
	69
	15
	13
	40
	10

	SF Bull Run (94)
	69
	22
	7
	51
	78

	NF Bull Run (94)
	63
	29
	6
	43
	12

	Otter Creek (89)
	76
	8
	3
	29
	58

	Blazed Alder (95)
	58
	37
	2
	24
	5


Source:  Forest Service, 1997

Hydrology and Water Use

Precipitation

Average annual precipitation in the watershed ranges from 52 to 170 inches.  July and August are the driest months, and November, December, and January are the wettest.  Precipitation in the lower elevations is primarily rain, and at higher elevations about 25 to 30 percent may be in the form of snow (Forest Service, 1997).  Snowfall is rare below 2,000 feet and reaches from 6- to 10-foot depths above 4,000 feet (Forest Service, 1997).  

Surface Water

There are a number of USGS stream gages in the Bull Run/Little Sandy Watershed, as shown in table 16.  Historically, flows from the Bull Run drainage represented between 30 and 40 percent of the average annual flow in the Sandy River entering the Columbia River.  

Table 16.  USGS Stream Gages, Bull Run/Little Sandy Watershed

	Station

Number
	Name
	Elevation

(feet)
	Period

of Record
	Maximum Discharge/year
	Minimum 30 day low flow/year

	14138800
	Blazed Alder Creek
	2540
	Oct 1963-present
	2610 cfs - 1964
	1.3 cfs - 1991

	14138850
	Bull Run River
	1080
	Aug 1966-present
	9140 cfs - 1996
	33.8 cfs - 1987

	14139700
	Cedar Creek
	1960
	Jun 1965-present
	1990 cfs - 1964
	5.4 cfs - 1987

	14138870
	Fir Creek
	1440
	Oct 1975-present
	1290 cfs - 1977
	1.8 cfs - 1991

	14138900
	North Fork Bull Run
	1060
	Aug 1965-present
	9700 cfs - 1972*
	9.1 cfs - 1987

	14139800
	South Fork Bull Run
	990
	Oct 1974-present
	4360 cfs - 1996
	8.2 cfs - 1987

	14141500
	Little Sandy River
	720
	Jul 1919-present
	5900 cfs - 1996
	9.6 cfs - 1940


Source:  Forest Service, 1997.  Note:  *associated with the dam break flood of 1972.  

Flows in the Bull Run River between its confluence with the Sandy River and the powerhouse are largely controlled by water released from the powerhouse and consequently, flows are generally higher than those which would be expected to occur under natural conditions; there is also a wide variation in hourly flow due to powerhouse peaking (Portland Water Bureau, 1998).  Median monthly flows range from 800 to 1525 cfs between November through June, and from 100 to 370 cfs between July through November (Portland Water Bureau, 1998).  

Flows in the Bull Run River between the powerhouse and the Headworks Dam are reduced by the diversion of water for municipal use by the City of Portland and by the storage of water in the two reservoirs (Portland Water Bureau, 1998).  The diversions have the greatest impact on flows from July through October when flows are reduced to daily median values of 5 to 10 cfs; from November through June, median daily flows range between 114 to 660 cfs (Portland Water Bureau, 1998).  

In February 1996, record rainfall on an unusually heavy snow pack resulted in flooding in the watershed.  Table 17 shows peak flows, recurrence intervals, and the percentage of the drainage below 2,500 feet (PGE, 1998).  The severity of flooding appears to be related to the percentage of drainage below 2,500 feet in elevation.

Table 17.  February 1996 Peak Flows and Recurrence Intervals

	Stream Gage
	Peak Flows (cfs)
	Recurrence 

Interval (yr)
	Percent of Drainage below 2500 ft.

	Blazed Alder Creek
	1,910
	25
	0

	Bull Run above Res. 1
	9,140
	50
	22

	Fir Creek
	820
	<10
	30

	S. Fork Bull Run River
	4,360
	>100
	46

	Little Sandy River
	5,900
	>100
	60

	Sandy River at Marmot Dam
	66,100
	>200
	29


Source:  PGE, 1998

Groundwater

Two volcanic (lava) formations, the Columbia River Basalt Group and the Sardine Formation are found along the Bull Run and Little Sandy rivers, and are several hundred feet thick (WRD, 1991).  Water yields are from 20 to 50 gallons per minute from wells that may exceed 500 feet in depth (WRD, 1991).  At higher elevations in the watershed, groundwater is found in younger volcanic rocks, and yields of up to 200 gallons per minute may be possible from wells several hundred feet deep (WRD, 1991).  

Water Use and Availability

According to the WRD (1991), Oregon Revised Statute 538.420 grants exclusive right to the use of waters of the Bull Run and Little Sandy Rivers to the City of Portland.  Portland has not yet made use of its right on the Little Sandy, and uses about 26 percent of the annual flow of the Bull Run River.  This right, however, does not impair the rights of anyone who, prior to 1909, had a vested right or valid appropriation on these rivers.  These vested rights have not been adjudicated, or assigned a priority in a judicial process known as adjudication.  Until the Sandy Basin has been adjudicated, legal claims to water cannot be accurately assessed.  

Existing water right data for surface water and groundwater was obtained from the from the Water Resources Department’s Water Rights Information System (as of April 28, 1999).  Table 18 shows the surface water rights for tributaries by use and table 19 shows groundwater rights by use for the Bull Run/Little Sandy Watershed.  

Table 18.  Surface Water Rights for Tributaries

	Tributary
	Total

(cfs)
	Irrigation

(cfs)
	Fish/Wildlife

(cfs)
	Agriculture

(cfs)
	Industrial &

Municipal (cfs)

	Laughing Water Creek
	0.05
	0.05
	
	
	

	Bowman Creek
	2.41
	2.41
	
	
	

	Total
	3672.48
	2.46
	0
	0
	3670.02



Source:  Water Resources Department, Water Rights Information System, online at

http://www.wrd.state.or.us, as of April 28, 1999.

Table 19.  Groundwater Water Rights by Use, Bull Run/Little Sandy Watershed

	Stream
	Total

(cfs)
	Irrigation

(cfs)
	Fish/Wildlife

(cfs)
	Agriculture

(cfs)
	Industrial &

Municipal (cfs)

	Little Sandy River
	0.28
	0.28
	0
	0
	0



Source:  Water Resources Department, Water Rights Information System, online at

http://www.wrd.state.or.us, as of April 28, 1999.

Channel Modifications

There are many existing documents that provide detailed information concerning channel modification activities in the Bull Run/Little Sandy Watershed (Forest Service, 1997; PGE, 1998; Taylor, 1998; Portland Water Bureau, 1998).  The City of Portland operates two dams on the Bull Run River that impound two reservoirs, storing an estimated 17 billion gallons of water (about 10 billion gallons of which is useable because of limitations on reservoir drawdown).  The Dam No. 2 spillway weir (river mile 5.8) prevents fish passage and blocks about 26 miles of fish habitat in the watershed.  About 26 percent of the water draining to the Headworks is impounded and transported out of the watershed for municipal water supply.  

The Little Sandy diversion dam is located on the Little Sandy River at river mile 1.7 and is part of Portland General Electric’s Bull Run Hydroelectric project.  This dam is about 15 feet high and blocks about 6.5 miles of fish habitat in the upper Little Sandy River.  Up to 800 cfs of water in the Little Sandy is diverted by the dam into Roslyn Lake, which is the forebay for the powerhouse.  When Little Sandy flow is less than 800 cfs, then Sandy River flow is diverted at Marmot Dam to supplement the flow.  The flow regime of the Little Sandy River below the dam has been altered from its natural condition because essentially all of the water in the river is diverted, except during times of high flows.  There is no minimum flow release below the dam.  The diverted water is returned to the Bull Run River after passing through the powerhouse.  

The Regional Water Supply Plan (1996) prepared by the water providers in the Portland metropolitan area considered many alternatives that could be used to meet the region’s municipal water needs to the year 2050.  One of the new major source options considered in the plan was the development of a third dam in the Bull Run drainage.  It was noted in the plan that a major new source option for the region would not be needed until about 2017.  

Riparian/Wetland Conditions

The Forest Service (1997) provides a comprehensive discussion of the watershed’s riparian and wetland resources, and this information is summarized here.  About 41 percent of the Bull Run Watershed is comprised of riparian areas, and 88 percent of these are managed and protected as Riparian Reserves under the Northwest Forest Plan.  The remaining 12 percent is comprised of private lands located mostly in the lower Bull Run and southern-western portion of the lower Little Sandy.  Currently, riparian areas are composed of mostly late-seral (46 percent; mature and old-growth age classes) and mid-seral (38 percent; trees 9- to 21-inch dbh) forest stands.  

The Bull Run watershed contains about 850 acres of wetlands of various types, including wet meadows dominated by sedges and herbs, and shrubby and forested wetlands.  The National Wetlands Inventory map is available for viewing at the Zigzag Ranger District.  Two of the largest wetlands in the watershed are the Latourell Prairie, a 151-acre wetland located in the watershed’s northern tip, and a large wetland located near Goodfellow Lakes (headwaters of the Little Sandy River), at the western-most lake’s north end.  Latourell Prairie was dammed in the late 1960s to become Boody Lake; the natural boundaries of the wetland were reestablished in the mid-1970s when the dam was decommissioned.  

Sediment Sources

The Forest Service (1996, 1997) provides a comprehensive discussion of sediment sources in the watershed.  The Forest Service indicates that stream channel processes were found to be the dominant source of sediment in the watershed; roads and harvest were not found to be large contributors to the watershed’s sediment budget.  One exception, however, is non-vegetated road cuts adjacent to stream crossings, which are likely to be large sources of sediment.  For this reason, the density of road/stream intersections per square mile also was estimated for the rivers and streams in the watershed by the Forest Service (1997), as shown in table 20.  

Table 20.  Road/Stream Intersections

	River/Stream
	Road/Stream Intersections

per sq. mi.

	Blazed Alder
	4.4

	Bull Run River
	4.1

	Fir Creek
	1.4

	Headworks
	8.0

	Lower Bull Run
	3.8

	North Fork
	3.1

	South Fork
	2.8

	Lower Little Sandy
	2.9

	Upper Little Sandy
	4.7


Source:  Forest Service, 1997

As shown in table 2, about 55 percent of the watershed is estimated to have a low potential for landslides and 17 percent a high potential (Forest Service, 1996).  The estimated sediment yield in the watershed due to timber harvest and roads was estimated by the Forest Service (1997) and are:  

	Timber Harvest

(tons/year)
	
	Roads

(tons/year)
	
	Total Sediment

Yield (tons/year)

	5.37
	
	343.91
	
	349.28


There are about 320 miles of federal roads in the watershed, with about 98 miles within 300 feet of streams; road sediment was estimated at about 344 tons per year, the lowest when compared to the other watersheds in the basin (table 3).  

Two landslides caused direct delivery of sediment into the Bull Run River and its major tributaries during the 1996 flood event.  One of the slides occurred along the West Branch of Falls Creek and the second slide occurred on Bull Run River below the Headworks.  Both were in areas mapped as high hazard, and the West Branch of Falls Creek slide may have been partially due to road drainage problems.  Three road-related failures also occurred along Road 10 and below the Headworks.  

Unstable stream channels also have the potential to generate sediment through streambed and streambank erosion.  The majority of unstable stream channels are located in the lower portion of the watershed – in the lower Bull Run (about 41 percent) and the lower Little Sandy (about 55 percent).  

Water Quality

Because it is the drinking water source for the City of Portland, water quality in the Bull Run Watershed is extensively monitored and is of exceptional quality.  The Forest Service (1997) provides a comprehensive discussion of water quality parameters such as turbidity, suspended solids, nitrogen, phosphorus, temperature and others.  

The Oregon Department of Environmental Quality has listed the lower Bull Run River from its mouth to the Bull Run Reservoir 2 on the 1998 303(d) list as water quality limited for exceeding the summer water temperature standard applied to waters designated for salmonid rearing.  

Fish and Fish Habitat

Anadromous fish cannot migrate past the Dam No. 2 spillway weir (river mile 5.8) or the Little Sandy Diversion Dam (river mile 1.5).  Historically, about 26 miles high quality mainstem and tributary spawning and rearing habitat for salmon and steelhead were available above the Headworks Dam, and about 6.5 miles above the Little Sandy Dam (ODFW, 1997).  The Portland Water Bureau, NMFS, and ODFW are evaluating several natural waterfalls in the upper Bull Run Watershed to determine historical access by anadromous fish.  

Resident fish species found in these up-river reaches include rainbow trout, cutthroat trout (migratory and resident forms), non-native brook trout, and native longnose dace, mountain whitefish, and torrent and shortnose sculpin.  There is no documentation of bull trout presence in the Sandy River Basin (ODFW, 1997), but suitable habitat exists in the upper Bull Run drainage for this federally-listed species (Forest Service, 1997).  

Dams on the Bull Run and Little Sandy Rivers also are barriers to large woody debris and sediment routing from the upper portion of the watershed to the lower portion, which limits the amount of large woody debris and spawning gravel available below the dams (Forest Service, 1997).  

The Bull Run River below the Headworks Dam has poor fish production because it lacks spawning gravel, has reduced summer flows, and has reduced in-stream habitat complexity (ODFW, 1997).  In the lower Bull Run River, a snorkeling survey conducted during August 1995 found that the majority of fish in the river were native juvenile steelhead (age classes 0+ to 3+), and the presence of age class 0+ fish strongly indicates that natural reproduction is occurring (Portland Water Bureau, 1998).  Other fish species observed included mountain whitefish, specked dace, redside shiner, and sculpin (Portland Water Bureau, 1998).  

Diversion and release of water from the Sandy/Little Sandy Rivers into the lower Bull Run River causes a false attraction for migrating anadromous fish; they are attracted into the unfavorable habitat in the lower Bull Run River which may result in diminished spawning success (Portland Water Bureau, 1998).  

Conclusions

General

· The water resources in the watershed are highly developed for municipal water supply and power production.  

· A comprehensive watershed assessment has been undertaken for the watershed, and there are many existing documents providing fairly recent information.  

· About 89 percent of the watershed is managed by the federal government.  

Channel Habitat Types

· Specific channel habitat information exists for most rivers and streams in the watershed.  

Hydrology and Water Use

· There are nine stream gages and three lake level gages maintained by the USGS in the watershed.  

· Large floods tend to occur as a result of rain-on-snow events such as in 1964 and 1996.

· Flows in the Bull Run and Little Sandy Rivers are largely controlled by water supply and hydropower facilities.  

· Groundwater is available if wells are several hundred feet deep.  

· State statute grants exclusive right to the use of waters of the Bull Run and Little Sandy Rivers to the City of Portland for municipal use.  

Channel Modifications

· Channel modification activities in the watershed have been extensive and include large dam and reservoir projects for municipal water supply and hydropower production.

· In the Bull Run drainage, a third dam or raising the elevation of one or both of the two existing dams are options to provide future municipal water for the Portland metropolitan area.  

Riparian/Wetland Conditions

· About 41 percent of the watershed is comprised of riparian areas.  

· Of this amount, about 88 percent is designated by the Northwest Forest Plan as riparian reserves, and 12 percent is located on private land.  

· The watershed contains about 850 acres of wetlands of various types.  

· National Wetland Inventory maps are available for the watershed.  

Sediment Sources

· Stream channel processes are the dominant source of sediment in the watershed.  

· Specific information on erosion processes and their rates of erosion have been estimated for the watershed.  

Water Quality

· Water quality is extensively monitored and shows exceptional water quality in the watershed.  

· The lower Bull Run River has been listed as water quality limited for summer water temperature.  

Fish and Fish Habitat

· Anadromous fish cannot migrate past the Dam No. 2 spillway weir or the Little Sandy Diversion Dam.  

· Historically, about 26 miles of high quality fish habitat was likely available above the Headworks Dam, and about 6.5 miles above the Little Sandy Dam; additional study is needed to confirm which natural falls are barriers to fish passage.  

· Suitable habitat exists for bull trout in the upper Bull Run watershed, but there is no documentation of bull trout presence in the Sandy River Basin.  

· Dams on the Bull Run and Little Sandy Rivers are barriers to large woody debris and sediment routing which limits the amount of large woody debris and spawning gravel available below the dams.  

· The lower Bull Run River has poor fish production because it lacks spawning gravel, has reduced summer flows, has high summer water temperatures, and has reduced in-stream habitat complexity.  

· Diversion and release of water from the Sandy/Little Sandy Rivers into the lower Bull Run River causes a “false attraction” flow which attracts migrating fish into this area, and may result in diminished spawning success.  

Sandy River Watershed

Existing Data Sources

A comprehensive watershed assessment was prepared by the Forest Service, Mount Hood National Forest (1996) for the Sandy River Watershed.  There are other existing documents providing fairly recent information for the watershed by the Oregon Department of Fish and Wildlife, Portland General Electric, and other Forest Service documents concerning the National Wild and Scenic River reach of the Sandy River.  

General Characteristics

The Sandy River Watershed begins at river mile 18.5 (Dodge Park) and rises to its headwaters on Mount Hood, fed by the Reid Glacier (figure 8).  There are about 67,800 acres in the watershed (106-square miles), all located in the northeast corner of Clackamas County.  About 62 percent of the watershed is managed by the federal government.  There is a wide range in elevation in the watershed (figure 2).  The Sandy River is the only major river on the west side of the Cascades to be glacial in origin and character.  The watershed’s wide elevation range, unique geology, and varied habitat all contribute to a wide diversity of plant and animal communities.  There are many tributary streams in the watershed (table 1); some of the larger ones include the Muddy Fork, Clear Fork, Rushing Water Creek, Lost Creek, Cast Creek, Alder Creek, Clear Creek, and Hackett Creek.  

The upper Sandy River from its headwaters to the boundary of the Mount Hood National Forest (12.4 miles) was designated as a National Wild and Scenic River in 1988.  From its headwaters, the river drops sharply as it carves through miles of unstable volcanic ash and rock deposits before reaching less steep ground.  Much of this reach lies in the Mount Hood Wilderness Area (ODFW, 1997).  

Figure 8.  Sandy River Watershed by Drainage Area
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Source:  Forest Service, 1996

Leaving the upper reach, the river slows as it crosses a broad flat plain, known as Old Maid Flats.  The glacially carved valley has been partially filled in by pyroclastic and debris flows which formed the flats.  It is ecologically unique because of its early successional plant assemblages associated with volcanic activities.  Also, over 100 species of mushrooms, including highly prized edible mushrooms, flourish in the area (Forest Service, 1996).  The Sandy River widens below Old Maid Flats and slows again as it nears Marmot Dam at river mile 30.  

Marmot Dam is part of Portland General Electric’s Bull Run Hydroelectric project.  The dam diverts water from the Sandy River, when necessary, into the Little Sandy River where it is routed to Roslyn Lake, the forebay of the powerhouse.  Below Marmot Dam, the Sandy River enters a scenic narrow gorge for five miles, then becomes wider below Revenue Bridge (river mile 24) to Dodge Park.  

Channel Habitat Types and Description

Sandy River

The following discussion of the Sandy River was summarized from ODFW (1997).  

The Sandy River above river mile 43 (mouth of Zig Zag River) is very high gradient and carves through unstable volcanic ash and rock deposits.  The average gradient in the reach is about 288 feet per mile and may exceed 1,000 feet per mile in some areas.  The channel habitat components in the upper reach are typically composed of long rapids and riffles interspersed with short pools.  This reach is generally too steep for fish production.  

The reach of the Sandy River from river mile 43 downstream to the Marmot Dam (river mile 30) is generally broader and less steep than the uppermost reach.  The gradient is moderate, consistent, and averages about 70 feet per mile from river mile 43 downstream to the Sleepy Hollow Bridge, and about 33 feet per mile from the bridge downstream to the Marmot Dam.  The substrates in this reach are composed largely of small boulders, cobbles and gravel.  Channels are braided and alder stands are evident on many of the in-stream islands.  Glacial sediment deposits may be high where the gradient lessens, and spawning gravels are often entrenched.  However, chinook and coho salmon and steelhead have been observed spawning and rearing in this reach.  

Below Marmot Dam, the Sandy River descends for about 5 miles into a scenic narrow gorge that is characterized by steep canyon walls, constrained chutes, and deep trench-like pools.  Human access into this section of the river is limited to only a few places where steep trails drop down to the stream.  Substrates in the channel are typically composed of large and small boulders; the narrow canyon produces strong, turbulent flows in winter that moves smaller cobble and gravel downstream, which limits fish spawning opportunities.  Deep pools provide chinook salmon with significant summer holding habitat.  

Below Revenue Bridge (river mile 24) the active channel widens and the river begins to meander.  The river channel is composed mostly of long riffles, rapids and glides.  Pools are present but are not typically large relative to the width of the active channel.  

In-channel substrates are generally composed of small boulders and cobble with some gravel deposits at the tail end of the larger pools.  

The Forest Service (1996) prepared figure 9 using aquatic habitat type data for surveyed streams in the watershed, including the “upper” (> river mile 43) and “lower” (river miles 22 to 43) reaches of the Sandy River.  Riffle habitat is the dominant habitat and the upper/lower Sandy reaches have no pool habitat.  

Figure 9.  Aquatic Habitat Surveyed Streams
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Source:  Forest Service, 1996

The Forest Service surveyed the Upper Sandy River 1991 under its Mount Hood Riparian Survey Program, and this information is summarized below.  

The survey extended from the confluence of the Zig Zag River and upstream for about 12.4 miles (to a 70-foot falls).  Woody debris was scarce throughout the reach, likely because of swift water and lack of obstructions in the channel.  Large trees (> 35” in diameter) were uncommon in the riparian zones.  

From the Zig Zag’s confluence and upstream for about 2.5 miles, the river travels through areas of private land in a u-shaped valley and has an average gradient of 4 percent.  The habitat type was riffles (86%) with no pools; substrates were small boulders and cobble.  Riparian habitat was alder/cottonwood and stream shading was poor (10 percent).  Recreational impacts from small riverside trails (six miles) and the clearing of riparian habitat for residential development were noted.  

The next 9.2 miles has a u-shaped valley and an average gradient of 7 to 8 percent.  Habitat type was riffles (93%) and no pools; substrates were cobble and small boulders.  Riparian habitat was alder/cottonwood/willow and stream shading was poor (5 to 10%).  The last 0.7 mile of the survey area has a v-shaped valley and average gradient of 14 percent.  Habitat type was riffles (97%) with few pools; substrate was cobble and small boulders.  Riparian habitat was alder/willow, with poor shading (7%).  

Tributary Streams

Figure 9 provides aquatic habitat type data for surveyed tributary streams in the watershed (Forest Service, 1996).  Many streams in the watershed were surveyed under the Forest Service’s Mount Hood Riparian Survey Program during the early 1990s.  The Riparian Survey reports available for review included the Clear Fork, Lost Creek, Muddy Fork, Ramona Creek, Rushing Water Creek, and Clear Creek, and information is summarized below.  

The Clear Fork originates south of Hiyu Mountain and was surveyed (1989) from its mouth upstream for about 4.6 miles where flows became intermittent.  The drainage area is 4,160 acres.  About 50 percent has been clearcut and bank instability, inadequate buffer strips, and landslides were noted.  A powerline corridor parallels the creek to the northwest.  No barriers to fish migration were noted.  The valley is moderately steep, v-shaped, with a width of less than 100 feet and a average gradient of 9 percent.  A total of 13 flowing tributaries (8 on left bank, 5 on right bank) were noted, the largest one being Chance Creek.  Habitat types were riffle (70 percent), pool (20 percent) and glides/side channel (6 percent) and substrates were gravel/cobble.  Large woody debris averaged 16 pieces per mile.  Riparian vegetation was alder/western red cedar/Douglas fir.  

Clear Creek originates in the Bull Run drainage and flows southwesterly for six miles to its confluence with the Sandy at river mile 43.4.  The drainage area is 7,060 acres.  The uppermost four miles of the creek was surveyed (1990), and three complete barriers (river miles 5.35-5.65) and two partial barriers (river miles 4.9 and 5.1) to fish migration were noted.  Most of the valley is a steep v-shaped with average gradient of 9 percent; the last 0.7 mile was more u-shaped with a gradient of 3 percent.  Seven flowing tributaries were noted.  Dominant habitat types were riffles/pools; substrates were cobble/small boulders.  In-stream cover was good to excellent.  Large woody debris averaged 34 pieces per mile.  Riparian vegetation was mostly western red cedar/western hemlock and shading was good (60 percent).  Ground cover along creek banks was good (70 percent).  

The Muddy Fork originates from the Sandy glacier and flows westerly for 5.3 miles to its confluence with the Sandy.  From its confluence with the Sandy River, 3.9 miles were surveyed (1991).  The valley was wide and flat floored greater than 200 meters wide.  The gradient ranged from 4.8 to 9 percent going upstream.  Dominant habitat type was riffles with some pools (7-8 percent); substrates were cobble/gravel.  Large woody debris averaged 4-13 pieces per mile.  Riparian vegetation was Douglas fir/alder (shading 20-30%).  

Lost Creek originates from the Zig Zag glacier and flows 9.2 miles down a 4,480 foot drop in elevation to the Sandy River.  About 9.2 miles of the stream were surveyed (1992) moving upstream from the Sandy.  Eleven tributaries were encountered.  The first 7 miles were in a wide, u-shaped valley with a gradient of 5-10 percent.  Habitat types were primarily riffle with some pool and cobble/gravel substrates.  Woody debris was very low.  Riparian areas in the lower 3.5 miles were Douglas fir/alder (shading 31%) and hemlock/Douglas fir (shading 60%); in the upper 3.5 miles it was fir/hemlock/red cedar with shading greater than 60 percent.  In this upper area, there were also chutes and falls noted, which may be potential fish barriers.  The next 1.2 miles could not be surveyed because it was inaccessible due to vertical bedrock walls and landslides.  The last mile was in a narrow v-shaped valley with a 25 percent gradient, riffle habitat, small boulder substrate and no woody debris.  Riparian vegetation was fir/larch with zero to 19% shading. 

Rushing Water Creek originates from the Zig Zag glacier and flows 2.2 miles over a 2,100 foot-drop in elevation to the Sandy River.  It was surveyed in 1993.  The stream is moderately confined, about 25-50 feet wide, gradient 5% and with boulder/cobble for the first 0.35 mile, then becomes v-shaped and narrow, 15% gradient, with boulder substrate.  Riparian vegetation was primarily cottonwood/alder and shading was excellent (60-80% for first 0.35 mile; 100% for rest of stream).  The stream is all riffle with pocket and plunge pools, and falls may be a potential fish barrier.  

Ramona Creek originates from the Sandy and Reid glaciers and flows 2.9 miles over a 1,400-foot drop in elevation to the Sandy River.  It was surveyed in 1993.  From the Sandy to river mile 2.3 (Ramona Falls), the creek has primarily a riffle habitat with a 3-5% gradient.  The creek lies in the Old Maid Flats up to mile 2.3; riparian habitat was cedar, hemlock, Douglas fir, and alder with poor shading.  Above mile 2.3, the gradient averages 24% and the headwaters are located about ¼ mile above the falls.  Riparian habitat was Douglas fir and shading was low.  Ramona falls (elevation 3,540 feet) is a fish barrier.  

Hydrology and Water Use

Precipitation

Annual precipitation in the Sandy River Watershed varies from about 175 inches near the summit of Mount Hood to 70 inches on its western border (Forest Service, 1996).  July and August are the driest months, and November through January the wettest months.  Precipitation in the lower elevations is primarily in the form of rain.  High elevations at Mount Hood sustain a snowpack year-round, which affects stream flows in the Sandy River by providing storage over the winter and supplemental flows in the summer.  

Surface Water

In the Sandy River Watershed, the USGS maintains a stream gage (#14137000, drainage area 263 square miles) on the right bank of the Sandy River (river mile 30.3) which is 0.3 mile upstream from Marmot Dam (USGS, 1999).  For the period of record (1911 to current year), average discharge is 1,361 cfs and minimum discharge is 190 cfs (October 13, 1994). 

A USGS stream gage (#14143400) located on the right bank of Bear Creek, one mile upstream from the Salmon River and 1.3 miles west of Rhododendron began recording water stage, velocity, and water quality in November 1998 (USGS, 1999).  No other tributary streams appear to be gauged in the watershed.  

Two USGS gages in the watershed have been discontinued:  on Lost Creek near Brightwood (#14130000, period of record 1913-1918) and on the Sandy River above the Salmon River at Brightwood (#14133500, period of record 1910-14 and 1926-31).  

Large floods tend to occur as rain-on-snow events during the winter, and two events in the past 40 years have contributed to peak flow events.  At USGS gage #14137000, maximum discharge was 61,400 cfs on December 22, 1964 with a gage height of 17.05 feet.  For the February 1996 flood, maximum discharge was 66,100 cfs (> 200 year recurrence interval) on February 7 with a gage height of 20.19 feet (Corps of Engineers, 1997).  

The flow regime of the Sandy River below the Marmot Dam has been altered from its natural condition.  Up to 600 cfs of water is diverted, when necessary, into the Little Sandy River where it is routed to Roslyn Lake, the forebay of the powerhouse for Portland General Electric’s Bull Run Hydroelectric project.  The water that is diverted is released into the Bull Run River, and flows back into the Sandy River at Dodge Park.  Since 1974, minimum flows for fish were established on the Sandy River below the dam.  These flows are 200 cfs (June 16 through October 15), 400 cfs (October 16 through October 31), and 460 cfs (November 1 through June 15).  Even with the minimum flows below the dam, stream flows are reduced by 53 to 69 percent from June to August based on monthly mean stream flows, which limits the system’s ability to buffer stream temperatures and limits habitat availability for aquatic species below the dam (Forest Service, 1996).  

According to the Forest Service (1996), flood events have triggered three debris torrents of significance in the watershed (debris torrent is the rapid movement of wood/sediment down a stream channel that scours the streambed).  In February 1996 a flood event triggered a fill failure of Road 1820 in the Clear Creek drainage which scoured the lower channel.  Also in February 1996, Clear Creek became dammed for a short time by a debris torrent from an unmanaged area, and Little Clear Creek was scoured by debris that originated from a logging road on private land.  

Groundwater

Alluvial aquifers that yield from 50 to 500 gallons per minute are found along the Sandy River stream channel (upstream of river mile 15) and are hydraulically connected to the river (WRD, 1991).  Away from the river, lavas from the Columbia River Basalt group and the Sardine Formation can provide about 20 to 50 gallons per minute from wells that may exceed 500 feet in depth (WRD, 1991).  At the higher elevations, groundwater is found in younger volcanic rocks and it may be possible to obtain yields up to 200 gallons per minute, although wells must be several hundred feet deep (WRD, 1991).  

Water Use

The ODFW holds in-stream water rights in the watershed to provide fish with adequate flow on Alder Creek, Cedar Creek, the Clear Fork, Lost Creek, and the Sandy River from river miles 35.7 to 42.8 (reach between the confluence with the Salmon and Zig Zag Rivers; ODFW, 1997).  Existing water right data for surface water and groundwater was obtained from the from the Water Resources Department’s Water Rights Information System (as of April 28, 1999).  Surface water and groundwater rights by use for the entire Sandy River were previously shown in table 9.  Table 22 shows the surface water rights and table 23 shows groundwater rights by use for the tributaries in the Sandy River Watershed.  

Table 22.  Surface Water Rights by Use, Sandy Watershed Tributaries

	Tributary
	Total

(cfs)
	Irrigation

(cfs)
	Fish/Wildlife

(cfs)
	Agriculture

(cfs)
	Industrial &

Municipal (cfs)

	Kotzman Creek
	2.63
	0.63
	2.00
	
	

	Cedar Creek
	27.97
	0.17
	27.52
	0.02
	0.26

	Beaver Creek
	1.63
	0.40
	
	
	1.23

	S Fk Beaver Creek
	0.02
	
	
	
	0.02

	Unnamed Str > Cedar Cr
	0.01
	
	
	
	0.01

	Badger Creek
	0.18
	0.12
	
	
	0.06

	Whiskey Creek
	1.18
	
	0.26
	
	0.92

	Alder Creek
	6.60
	
	
	
	6.60

	Wildcat Creek
	0.54
	0.01
	
	
	0.53

	Wall Creek
	3.01
	0.05
	0.02
	
	2.94

	Hackett Creek
	0.07
	
	
	
	0.07

	Clear Creek
	0.02
	
	
	
	0.02

	Minidahka Creek
	0.25
	
	
	
	0.25

	Little Clear Creek
	0.19
	0.07
	
	
	0.12

	Lost Creek
	0.10
	
	
	
	0.10

	Clear Fk Sandy R
	0.99
	
	
	
	0.99

	Total
	45.39
	1.45
	29.8
	0.02
	14.12



Source:  Water Resources Department, Water Rights Information System as of April 28, 1999
online at http://www.wrd.state.or.us.
Table 23.  Groundwater Water Rights by Use, Sandy Watershed Tributaries

	Tributary
	Total

(cfs)
	Irrigation

(cfs)
	Fish/Wildlife

(cfs)
	Agriculture

(cfs)
	Industrial &

Municipal (cfs)

	Cedar Creek
	0.19
	0.19
	
	
	

	Unnamed Str > Cedar Crk
	0.47
	0.13
	
	0.33
	0.01

	Whisky Creek
	0.06
	
	
	
	0.06

	Bear Creek
	0.80
	0.80
	
	
	

	Total
	1.52
	1.12
	0
	0.33
	0.07



Source:  Water Resources Department, Water Rights Information System as of April 28, 1999

online at http://www.wrd.state.or.us.

As shown in table 22, water rights for fish/wildlife exceed all other water rights combined for the watershed.  This is because of a 1949 water right for 25 cfs from Cedar Creek associated with the fish hatchery near the confluence of the creek and the Sandy River (Forest Service, 1996).  

The second highest use is municipal water supply.  According to the WRD (1991), the City of Sandy uses Brownell Springs and Alder Creek for municipal water, and their water right totals 5.1 cfs.  Sandy also has a water right to use 25 cfs from the Salmon River for municipal use, although this source has not yet been developed.  Also, there are about 65 small public water systems located along the Mount Hood corridor in the upper parts of the Sandy Basin that supply water to small communities.  Many of these small water systems may operate without a permit.  

Table 24 shows the water availability information obtained from OWRD’s Water Availability Reporting System.  As discussed above, Alder and Cedar Creeks appear to be appropriated for all months because of fish and municipal water rights.  

Table 24.  Water Availability

	Stream
	Months water may not be available

	Alder Creek
	All months

	Cedar Creek
	All months

	Clear Fk Sandy River
	Jan, Mar, May through Nov 

	Lost Creek
	Jan, Mar, May through Nov


Source:  Water Resources Department, Water Availability Reporting System, online at http://www.wrd.state.or.us, as of May 9, 1999

Channel Modifications

Marmot Dam is the most upstream structure of the Bull Run hydropower project and is located at river mile 30 on the Sandy River.  There is no reservoir or storage capacity provided by the dam.  According to Portland General Electric (1998), in 1989 the dam was rebuilt as a concrete-encased, roller-compacted concrete gravity dam about 47 feet high with a total length of about 345 feet made up of a main overflow section and a wing dam extension.  A concrete fish ladder operates on the south side of the dam for upstream migrating fish and on the north side, water is diverted into a flow canal.  About 700 feet below this diversion point, a traveling-screen facility bypasses downstream migrating fish back into the Sandy River.  The dam diverts water from the Sandy River, when necessary, into the Little Sandy River where it is routed to Roslyn Lake.  Flow regime alterations caused by the dam were discussed in the Hydrology and Water Use section.  The dam’s effect on fish species is discussed in the Fish and Fish Habitat section.  

Channelization, closing off of oxbows and side channels, and in-stream clearing of large wood and boulders was done by the Corps of Engineers, Forest Service, other public agencies, and private individuals on the upper Sandy River and its tributaries following the 1964 flood (table 7).  Substantial amounts of aquatic habitat were lost, and the diversity and quality of remaining habitat was reduced by these actions.  Reopening of side channels and adding in-stream log/boulder complexity would restore rearing and spawning habitat for wild fish in these areas.  

According to the Forest Service (1996), development is occurring along the Sandy River from Zig Zag to Brightwood, and associated channel armoring is located along this reach.  This river reach also lacks meanders and shows that the river has been straightened.  This armoring and straightening results in less vegetative and hydrologic connectivity with the floodplain and wetlands.  

The Oregon Department of Transportation (1997) contracted with the ODFW to assess and prioritize for repair the road culverts associated with state and county roads in the watershed.  The identified culverts and their priority for repair are shown in table 25.  

Table 25.  Culvert Repair, State and County Roads

	Road
	Road

Mile
	Stream
	Culvert

Type
	Culvert

Length

(feet)
	Culvert

Diameter

(inches)
	Habitat

Quality
	Priority

for

Repair

	Hwy 26
	28.3
	Beaver Cr
	MLPP
	216
	114
	good
	high

	Hwy 26
	31.38
	Badger Cr
	MLPP
	415
	90
	fair
	medium

	Hwy 26
	27.18
	Firwood Cr
	CMP
	415
	90
	fair
	medium


Source:  ODOT, 1997; culvert types MLPP = multiplate pipe; CMP= corrugated metal pipe.  

Stream surveys of Clear Creek noted stream structures, installed by private landowners,

in the lower 3.2 miles of the stream that have resulted in channelization and down-cutting of the channel (Forest Service, 1996).  

Riparian/Wetland Conditions

The Forest Service (1996) provides a detailed discussion of the watershed’s riparian resources, and this information is summarized here.  Across the watershed, riparian areas account for 36 percent of the land base (all ownerships).  On federal lands, riparian areas are protected as Riparian Reserves under the Northwest Forest Plan.  Table 26 summarizes the riparian reserves for federal lands by drainage and seral stage.  

Table 26.  Riparian Reserves by Drainage and Seral Stage

	Drainage
	Late Seral

Stage*
	Early Seral

Stage*
	Acres in Federal

Ownership

	Badger Creek
	0
	18
	42

	Cedar Creek
	19
	12
	380

	Alder Creek
	16
	13
	1,097

	Clear Creek
	20
	14
	2,608

	North Boulder Creek
	20
	12
	716

	Clear Fork
	31
	28
	2,344

	Cast Creek
	60
	0
	664

	Horseshoe Creek
	37
	3
	877

	Lost Creek
	43
	4
	2,169

	Muddy Fork
	47
	6
	1,556

	Sandy R (RM 22-43)
	---
	---
	1,203

	Sandy River (> RM 43)
	19
	7
	1,865

	Watershed Total
	29
	12
	15,521


Source:  Forest Service, 1996 (federal lands only)

Note:  *percent of riparian reserves by drainage

According to the Forest Service (1996), the Sandy River Watershed contains 555 acres of wetlands, which includes a complex of five wetlands located on the southwest side of North Mountain.  This wetland complex provides the largest and highest quality habitat in the watershed.  A large wetland is also located in the Cedar Creek drainage on Wildcat Mountain.  National Wetland Inventory maps are available for the watershed.  

Sediment Sources

The Forest Service (1996) provides a detailed discussion of sediment sources in the watershed.  As shown on table 2, about 53 percent of the watershed is estimated to have a low potential for landslides and about 21 percent a high potential.  However, landslides are an important sediment source in the Muddy Fork and Upper Sandy, where over 40 percent of land areas have a high landslide potential.  The estimated sediment yield in the watershed from timber harvest and roads is shown in table 27.  Highway sanding has direct effects to many streams in the watershed, especially those closest to streams.  

Table 27.  Summary of Estimated Sediment Yield, Harvest and Roads

	Drainage
	Sediment

from Harvest (tons/yr)
	Road Miles

(federal

only)
	Miles within

300 ft. of Streams
	Sediment

from Roads

(tons/yr)
	Total

Sediment (tons/yr)

	Alder Creek
	9.30
	17.97
	4.90
	38.00
	47.30

	Badger Creek
	1.60
	6.11
	1.39
	6.64
	8.24

	Cast Creek
	0
	1.43
	0.91
	20.84
	20.84

	Cedar Creek
	0.48
	17.38
	5.70
	28.92
	29.40

	Clear Creek
	0
	22.02
	11.53
	110.08
	110.08

	Clear Fork
	3.15
	33.50
	17.42
	84.46
	87.61

	Horseshoe Creek
	0
	2.64
	1.89
	97.50
	97.50

	Lost Creek
	2.41
	8.21
	2.42
	31.14
	33.55

	Muddy Fork
	0.20
	0.62
	0.13
	3.60
	3.80

	North Boulder Creek
	0
	6.06
	1.20
	2.35
	2.35

	Sandy River (>RM 22)
	0
	101.83
	23.5
	155.60
	155.60

	Watershed Total
	21.74
	445.42
	70.98
	575.73
	597.47


Source:  Forest Service, 1996

Figure 10 shows stream channel sensitivity to disturbances associated with altered stream flows or sediment inputs for some streams in the watershed (Forest Service, 1996).  The upper Sandy River (above river mile 43) was found to have high streambank failure potential for about 90 percent of its length and the lower Sandy River (river mile 22 to 43) for about 60 to 80 percent of its length (Forest Service, 1996).  

A 1988 DEQ assessment of nonpoint pollution indicated severe problems with sediment in the Muddy Fork and moderate problems in the Sandy River, Clear Creek, and Lost Creek (Forest Service, 1996).  The Muddy Fork contributes a high proportion of suspended sediments because of bank erosion and landslides associated with steep, unstable mudflow deposits through which it flows (Forest Service, 1993).  As discussed previously, debris torrents have been caused by flood events in the Clear/Little Clear Creek drainage.  Sediment problems in the Sandy River result from glacial runoff and unstable channels, and in Lost Creek from landslides/salvage logging (Forest Service, 1996).  

Figure 10.  Stream Channel Sensitivity to Disturbance
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Source:  Forest Service, 1996

Water Quality

It appears that existing water quality data for the watershed has only been sporadically collected.  From available information, it is difficult to determine where water quality sampling has occurred in the watershed, or if any sampling is currently ongoing.  There is no clear picture of baseline water quality conditions in the watershed.  The U.S. Environmental Protection Agency’s STORET database contains mainly water temperature data for 1973 to 1981 (Forest Service, 1996).  

According to the Forest Service (1996), the water quality of the Sandy River varies seasonally.  The presence of a fine suspended sediment known as “glacial flour” gives the water a pale green opacity or milky-gray color in middle to late summer.  This natural phenomenon results from the grinding of rock under the weight of glaciers.  There are water quality concerns associated with suspended sediment and turbidity for the Muddy Fork, Sandy River, Clear Creek, and Lost Creek (discussed previously under the Sediment Sources section).  The ODEQ has listed the Sandy River below Marmot Dam on the 1998 303(d) list as water quality limited for exceeding the summer water temperature standard applied for salmonid rearing.  Based on data, summer water temperatures can also exceed standards in Alder Creek, Clear Creek, and the Clear Fork (Forest Service, 1996).   

Sodium chloride (salt) is applied in the spring and summer to the Palmer snowfield to maintain skiing conditions for Timberline Lodge (Forest Service, 1996).  Although most of the snowfield drains into the Salmon River, the Forest Service (1996) recommended monitoring sodium chloride concentrations in the Sandy River; monitoring indicates no adverse effects to either river.  

Fish and Fish Habitat

The Sandy River and its tributaries are very important for their anadromous fishery values.  The river and streams in the watershed support winter/summer steelhead, coho and chinook salmon, cutthroat and rainbow trout and other non-game fish.  Much of the accessible spawning and rearing habitat for anadromous and resident fish in the watershed, as well as the Sandy River Basin, is located above Marmot Dam.  Although upstream and downstream fish passage is provided, the dam interferes with the migration of anadromous fish in the watershed.  

The ODFW (1997) believes that the rotating screen and bypass system used at Marmot Dam to provide downstream passage for juvenile salmonids falls below agency operational criteria.  Their concerns regard delays in juvenile outmigration, and injury and mortality to juvenile fish in the bypass system.  

The flow regime of the Sandy River below the Marmot Dam has been altered from its natural condition by the diversion of water for hydropower production.  Although minimum flows for fish have been established below the dam, stream flows are reduced by 53 to 69 percent from June to August based on monthly mean stream flows, which limits the system’s ability to buffer stream temperatures and limits habitat availability for aquatic species below the dam (Forest Service, 1996).  

Channel work following the 1964 flood (table 7) significantly affected the amount and quality of aquatic habitat in the upper Sandy River and its tributaries.  Substantial amounts of aquatic habitat were lost, and the diversity and quality of remaining habitat was reduced by these actions.  Reopening of side channels and adding in-stream log/boulder complexity would be beneficial in restoring rearing and spawning habitat for wild fish and other aquatic species in these areas.  

Conclusions

General

· A comprehensive watershed assessment has been prepared for the watershed, and there are other existing documents providing fairly recent information.  

· About 62 percent of the watershed is managed by the federal government.  

Channel Habitat Types

· Specific channel habitat information exists for the Sandy River and larger tributary streams in the watershed.  

Hydrology and Water Use

· Large floods periodically occur as a result of rain-on-snow events such as in 1964 and 1996.

· The flow regime of the Sandy River below Marmot Dam has been altered from its natural condition by the dam.  

· Although minimum flows are established below Marmot Dam, summer stream flows are significantly reduced.  

· Groundwater may be available if wells are several hundred feet deep.  

· Water use is primarily for fish (hatchery on Cedar Creek) and municipal supply.  

Channel Modifications

· Channel modification activities in the watershed have been extensive and include a large dam, and channelization/in-stream clearing after the flood of 1964.  

· Development, primarily rural residential, is occurring along the Sandy River from Zig Zag to Brightwood.  

Riparian/Wetland Conditions

· Riparian areas account for about 36 percent of the land base in the watershed.  

· About 15,521 acres of riparian habitat is in federal ownership and designated under the Northwest Forest Plan as riparian reserves.  

· The watershed contains about 555 acres of wetlands of various types.  

· National Wetland Inventory maps are available for the watershed.  

Sediment Sources

· Landslides and stream channel processes are the dominant source of sediment in the watershed.  

· Specific information on erosion processes and their rates of erosion have been estimated for the watershed.  

Water Quality

· It is difficult to determine where water quality sampling has occurred or if any sampling is ongoing in the watershed.  

· There is no clear picture of baseline water quality conditions in the watershed.  

· Suspended sediment/turbidity is a known problem on the Muddy Fork, Sandy River, Clear Creek, and Lost Creek.

· The Sandy River below Marmot Dam has been listed as water quality limited for summer water temperature; other streams with known temperature problems include Alder Creek, Clear Creek, and the Clear Fork.  

· Sodium chloride concentrations in the Sandy River need to be monitored.  

Fish and Fish Habitat

· Much of the spawning and rearing habitat for anadromous fish is located above Marmot Dam.

· Marmot Dam interferes with the migration of anadromous fish in the watershed.  

· The flow regime of the Sandy River below Marmot Dam has been altered which limits its ability to buffer water temperatures and limits habitat availability.  

· Channel work in the watershed after the 1964 flood adversely affected the amount and quality of aquatic habitat in these areas.  

Salmon River Watershed

Existing Data Sources

A comprehensive watershed assessment was prepared by the Forest Service, Mount Hood National Forest (1995) for the Salmon River Watershed.  There are other existing documents providing fairly recent information and other BLM/Forest Service documents because of the Salmon River’s status as a National Wild and Scenic River.  

General Characteristics

The Salmon River Watershed is shown on figure 11 and covers about 74,240 acres (116 square miles) in Clackamas County (Forest Service, 1995).  From its headwaters on the south slope of Mount Hood (Palmer Snowfield), the Salmon River flows to its confluence with the Sandy River at Brightwood (river mile 38).  Available reports show varying lengths for the river that range from 33 to 35 miles.  Elevations range from about 6,200 feet at the headwaters to about 1,000 feet at the mouth.  The entire Salmon River was designated in 1988 as a National Wild and Scenic River, with its upper 25.5 miles managed by the Forest Service and its lower 8 miles managed by the BLM.  Larger streams in the watershed include the West Fork Salmon River, Mud Creek, Linney Creek, the South Fork Salmon River, Cheeney Creek, and Boulder Creek (table 1).  

Most of the land in the watershed (68,221) is under National Forest Land allocation and of this amount about 36,389 acres are wilderness areas, 3,430 acres are riparian reserves, and 6,904 acres are wild and scenic river.  About 320 acres in the watershed are BLM lands, about 3,334 acres are private lands, 723 acres are owned by Clackamas County, and 80 acres are owned by the State of Oregon.  

According to the Forest Service (1995), the watershed can be divided on the basis of geology and slope into eastern and western halves.  The eastern half has been glaciated and slopes are generally less than 30 percent, except for the Mud Creek Ridge and along the eastern boundary of the watershed where some slopes may exceed 70 percent.  Both road construction and timber harvest have occurred on a broad scale in this portion.  In the western half of watershed slopes frequently exceed 70 percent and are seldom less than 30 percent.  It falls mainly in the Salmon-Huckleberry Wilderness area and is essentially free of roads and timber harvests.  

The Salmon River moves through a variety of settings ranging from alpine glaciers, to alpine meadows, to forested canyons where it flows over a series of six waterfalls (15 to 75 feet high, river mile 12 to 15), to rural residential areas and the communities of Welches and Brightwood.  The upper Salmon River carves through miles of unstable volcanic ash and rock deposits before reaching less steep ground.  The overall average stream gradient for the river is about three percent, or 154 feet per mile (Forest Service, 1993b).  The Salmon River/Red Top Meadows wetland complex is located in the upper Salmon drainage and is ecologically unique because of the diversity of habitat and plant and animal species.  

Figure 11.  Salmon River Watershed
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Source:  Forest Service, 1995

Channel Habitat Types and Description

Salmon River

The Forest Service surveyed the upper seven miles of the Salmon River in 1990, and the entire river in 1990-1991 under its Mount Hood Riparian Survey Program (1991b).  Information from the surveys is summarized in table 28.  The first 7.2 miles of the stream lies within private land, BLM land, and the northeast corner of the Salmon Huckleberry wilderness.  Numerous houses are located along the river’s edge as well as a golf course and recreational areas.  This section of the river receives high recreational use.  From river mile 12 to 15, a series of falls greater than 40 feet high block anadromous fish passage.  The largest is Final Falls, a 75 foot falls located at river mile 13.4.  At river mile 29, the wide, flat-floored Red Top/Salmon River Meadows valley (channel gradient 1 percent) changes to a broad, trough-like valley with a channel gradient of 7 percent. 

Table 28.  Salmon River Habitat Characteristics

	Attribute
	Mile

0 to 7.2
	Mile

7.2 to 13.4
	Mile

13.4 to 14
	Mile

14 to 18.2
	Mile

18.2 to 21.4
	Mile

21.4 to 26.9
	Mile

26.9 to 33.9

	Gradient
	2%
	1%
	6%
	4%
	3%
	4%
	13%

	Valley type/width
	u-shape

> 100 ft.
	u-shape

> 100 ft.
	narrow

v-shape
	box-like

canyon
	moderately v-shaped
	wide

flat-floored
	wide meadow to canyon

	Riparian 

Vegetation
	red cedar

douglas fir
	red cedar

douglas fir
	sheer

cliff
	red cedar

hemlock
	fir 

alder
	fir/hemlock

cedar
	fir/cedar

hemlock

	Shading
	31 to 60%
	20 to 30%
	N/A
	40%
	70%
	20%
	26-50%

	Substrate
	cobble/sm. boulder
	cobble/sm. boulder
	bedrock
	bedrock

cobble
	cobble

gravel
	sand and 

gravel
	sand

cobble

	Woody Debris
	not reported
	5 pcs per

mile
	n/a
	13 pcs per

mile
	37 pcs per mile
	not 

reported
	40 pcs per mile

	Pool/Riffle

Ratio
	not reported
	16% pool

75% riffle
	n/a
	22% pool

69% riffle
	5% pool

90% riffle
	not 

reported
	0.1% pool

88% riffle


Source:  Forest Service, 1991b

Tributary Streams

Many of the streams in the watershed were surveyed under the Forest Service’s Mount Hood Riparian Survey Program in the late 1980s and early 1990s.  The Riparian Survey reports available for review included Boulder Creek, Cheeney Creek, the South Fork, Mack Hall Creek, Linney Creek, Draw Creek, Inch Creek, String Creek, Mud Creek, and Boulder Creek.  Information from these surveys is summarized below.  

Draw Creek originates from a spring north of Abbott Burn and flows 3.8 miles with a drop of 1,400 feet to Linney Creek.  Valley types and gradient range from u-shape (reach 1 - mouth to mile 1.1, 4% gradient) to moderate v-shape (reach 2 – next 1.6 miles, 15% gradient) to broad, trough-like where the channel was dry (reach 3 – next 1 mile, 2% gradient).  Reach 1 riparian vegetation was silver fir/cedar with 50-60% shading; 83.5% riffles with substrate cobble/gravel; woody debris 38 pieces per 1,000 feet.  Reach 2 riparian vegetation was silver fir/hemlock with 30-40% shading; 90.2% riffles with substrate cobble/small boulder; woody debris 40 pieces per 1,000 feet.  Reach 3 was dry.  No barriers were noted.  

Inch Creek originates from a spring south of the Salmon-Huckleberry Wilderness and flows 1.6 miles with a drop of 360 feet to Draw Creek.  Valley is trough-like and average gradient is 7%.  Riparian vegetation was hemlock/silver fir with 30-40% shading.  Habitat was 90.5% riffles with cobble/gravel substrate and woody debris 20.8 pieces per 1,000 feet.  Stream banks were highly undercut.  No apparent barriers other than shallowness/low flow.  

Mack Hall Creek originates on the south slope of Salmon Butte and flows north for 3.5 miles to its confluence with the South Fork Salmon River.  The first 2.5 miles were surveyed.  Valley form was moderate v-shape and average gradient 11%.  Riparian vegetation was Douglas fir/red cedar/hemlock with 40-60% shading.  Habitat was 90% riffles with cobble/small boulder substrate and woody debris was 4 pieces per 1,000 feet.  A log jam at mile 1.4 is a fish barrier.  

South Fork Salmon River originates near Plaza Lake and flows northeast for 5 miles to the Salmon River (about 7 miles south of Zig Zag).  The first 4.5 miles were surveyed.  Valley form was moderate v-shape and average gradient 8%.  Riparian vegetation was red cedar, hemlock, and Douglas fir with 40-60% shading.  Habitat was 84% riffles with many pocket pools/side pools with cobble/small boulder substrate and woody debris 21 pieces per 1,000 feet.  Debris jams were numerous and LWD above mile 3.0 was extensive and caused braiding.  Partial fish barriers were noted at mile 0.7-0.8 and near mile 2.0.  Fish above mile 2.0 seem unlikely because of low flow and steep gradient.  

Linney Creek originates from the Wolf Peak/High Rocks divide and flows northerly for 5 miles to the Salmon River.  The first 4.1 miles were surveyed.  Valley form mostly moderate flat-floored with gradients ranging (upstream) from 3.4 to 6.1%.  Riparian vegetation mostly hemlock/cedar and Douglas fir with shading ranging (upstream) from 60 to 19 percent.  Habitat was mostly riffles with pools (17-27%) and cobble/gravel substrate.  Woody debris ranged (upstream) from 49 to 15 pieces per mile.  

Cheeney Creek originates on south slope of Huckleberry Mountain and flows northeast for 4.5 miles to the Salmon River.  The first 3.5 miles were surveyed because of a 50-foot waterfall at mile 3.5.  Valley form was not noted.  Average gradient was 6%.  Riparian vegetation was Douglas fir/red cedar/hemlock with 30-60% shading.  Habitat was mostly riffles (78%) with cobble/small boulder substrate.  Woody debris was 6 pieces per 1,000 feet.  Bank protection was good.  Debris jams were noted from miles 1-2.  

String Creek originates from a spring southwest of Abbott Burn and flows 2.5 miles with a 1,280 foot drop in elevation to Draw Creek.  From its mouth to mile 1.4, the valley is u-shaped and average gradient is 9%.  Riparian vegetation was hemlock/fir with 30-40% shading.  Habitat was riffles (91.3%) with cobble/gravel substrate.  Woody debris was 27.7 pieces per 1,000 feet.  Valley was moderate v-shape for rest of creek, and average gradient 9%.  Riparian vegetation was hemlock/fir with 30-60% shading.  Habitat was riffles (95.5%) with cobble/small boulder substrate.  Woody debris was 20 pieces per 1,000 feet.  Logging was evident from miles 0.3 to 1.5, and caused siltation/left much woody debris in the channel.  No barriers were noted.  

Boulder Creek flows from its headwaters for 6.1 miles to the Salmon River.  Average gradient was 7%.  Valley form was moderate v-shape and habitat was riffles (71%) and pools (24%) with small boulders.  Woody debris density was 10 pieces per mile.  Riparian vegetation along first 3 miles was alder, then changed to hemlock/red cedar.  The creek was well shaded over most of its length.  Salvage and trespass logging has occurred in most of the drainage.  Lower section has been logged repeatedly around mile 1.0.  Country Club Road runs along the left bank of the creek (mile 0-0.3).  Two bridges cross the stream near its mouth, and another bridge is at the end of Country Club Road.  Bank erosion was not prevalent except from the mouth to mile 0.4 where residential development is occurring.  No major barriers were noted.  

Mud Creek flows for 4.4 miles from Trillium Lake to its confluence with the Salmon River.  Reach 1 (first 0.6 miles) had a valley form that was narrow v-shape with a gradient of 5 to 6%.  Substrate was cobble/small boulder and woody debris density was 8 pieces per mile.  Stream shade was 20 to 30%.  Reach 2 (3.8 miles) of the stream had a valley form that was wide and flat-floored with a gradient of 2%.  Substrate was gravel/sand and woody debris density was 11 pieces per mile.  Stream shade was 31 to 60%.  No obstructions to fish passage or man-made barriers were noted.  The riparian zone was characterized by banks open to sunlight and dominated by shrubs, especially in Reach 1 where talus side slopes were common.  In Reach 2, wetlands were abundant with grasses and forbs dominant along the channel.  

Hydrology and Water Use

Precipitation

Annual precipitation in the watershed ranges from about 130 inches at the headwaters to about 35 inches on its eastern boundary (Forest Service, 1995).  July and August are the driest months and November through January the wettest months.  Mount Hood sustains a snowpack year-round, which affects stream flows in the Salmon River by providing storage over the winter and supplemental flows in the summer.  

Surface Water

Four USGS stream gages were located in the watershed, but their use has been discontinued (table 29).  Average daily discharges measured near Government Camp range from a low of 24 cfs in September to a high of 75 cfs in May; and above Boulder Creek near Brightwood range from a low of 103 cfs in September to a high of 738 cfs in April (Forest Service, 1993b).  In higher elevations in the watershed, average daily discharges gradually increase from October through December and reach their maximum levels from March through June as a result of snow melt.  In lower elevations, there is more flow variability because rainfall becomes more dominant.  Large floods in the watershed tend to occur as rain-on-snow events during the winter.  Specific flow information for the 1964 and 1996 flood events was not available for the watershed.  

Table 29.  Discontinued Stream Gages

	Station Name
	Station I.D.
	Period of Record

	Salmon R near Government Camp
	#14134000
	1910-12; 1926-91

	Salmon R below Linney Creek
	#14134500
	1928-50

	Salmon R at Welches
	#14135000
	1913-14; 1920-21; 1925-36

	Salmon R above Boulder Creek near Brightwood
	#14135500
	1936-52


        Source:  U.S. Geological Survey, February, 1999  online:  http://oregon.usgs.gov

Groundwater

Alluvial aquifers that yield from 50 to 500 gallons per minute are found along the lower Salmon River stream channel and are hydraulically connected to the river (WRD, 1991).  Away from the river, lavas from the Sardine Formation can provide about 10 to 50 gallons per minute from wells that may exceed 500 feet in depth (WRD, 1991).  At higher elevations, groundwater is found in younger volcanic rocks and possible yields up to 200 gallons per minute could be obtained, although wells must be several hundred feet deep (WRD, 1991).  

Water Use and Availability 

The ODFW holds in-stream water rights in the watershed to provide fish with adequate flow on Boulder Creek, Cheney Creek, the South Fork Salmon River, and the Salmon River from the mouth to river mile 16.9 (ODFW, 1997).  Existing water right data for surface water and groundwater was obtained from the from the Water Resources Department’s Water Rights Information System (as of April 28, 1999).  Surface water and groundwater rights by use for the Salmon River Watershed are shown in tables 30 and 31, respectively.  

Table 30.  Surface Water Rights by Use, Salmon Watershed

	Stream
	Total

(cfs)
	Irrigation

(cfs)
	Fish/Wildlife

(cfs)
	Agriculture

(cfs)
	Industrial &

Municipal (cfs)

	Salmon River
	26.75
	
	0.01
	
	26.74

	Boulder Creek
	6.03
	
	
	
	6.03

	Unnamed Str > Salmon R
	0.10
	
	
	
	0.10

	Unnamed Str > Salmon R
	0.01
	
	
	
	0.01

	Cheney Creek
	0.03
	
	
	
	0.03

	Unnamed Str > Salmon R
	0.11
	
	
	
	0.11

	Copper Creek
	0.05
	
	
	
	0.05

	Mud Creek
	2.00
	
	2.00
	
	

	West Fk Salmon River
	0.50
	
	
	
	0.50

	Total
	35.58
	0
	2.01
	0
	33.57



Source:  Water Resources Department, Water Rights Information System as of April 28, 1999
online at http://www.wrd.state.or.us.
Table 31.  Groundwater Water Rights by Use, Salmon Watershed

	Stream
	Total

(cfs)
	Irrigation

(cfs)
	Fish/Wildlife

(cfs)
	Agriculture

(cfs)
	Industrial &

Municipal (cfs)

	Salmon River
	3.94
	2.25
	
	
	1.69

	Unnamed Str > Salmon R
	0.41
	0.22
	
	
	0.19

	East Fk Salmon River
	0.06
	
	
	
	0.06

	Total
	4.41
	2.47
	0
	0
	1.94



Source:  Water Resources Department, Water Rights Information System as of April 28, 1999

online at http://www.wrd.state.or.us.

The largest water use in the watershed is for municipal water supply, because the City of Sandy has a water right to use 25 cfs from the Salmon River for municipal use, although this source has not yet been developed (WRD, 1991). 

Table 32 shows the water availability information obtained from OWRD’s Water Availability Reporting System.  Boulder Creek appears to be appropriated for all months because of fish and municipal water rights.  

Table 32.  Water Availability

	Stream
	Months water may not be available

	Boulder Creek
	All months

	Cheney Creek
	Jan, Mar, May through Nov

	South Fork Salmon River
	Jan, Mar, May through Nov 

	Salmon River
	Jan, Mar, May through Nov


Source:  Water Resources Department, Water Availability Reporting System, online at http://www.wrd.state.or.us, as of May 9, 1999

Channel Modifications

Channelization, closing off of oxbows and side channels, and in-stream clearing of large wood and boulders was done in the Salmon River and some of its tributaries following the 1964 flood (table 7).  This has affected the amount and quality of aquatic habitat in these areas.  On private lands, many small streams and wetlands have been channelized, drained and filled.  Heavy recreational use along the rivers and streams has impacted streambanks and riparian vegetation.  Maintenance of Highway 26 has also affected the river and some streams.  There are no dams/water impoundments in the watershed.  

The Red Top/Salmon River Meadows area has been used for sheep and cattle grazing since the early 1900s (Forest Service, 1993b).  The current Wapinitia grazing allotment covers about 25 percent of the Salmon Watershed, and the permittee is allowed to graze 130 head of livestock annually from July through September (Forest Service, 1995).  

According to the Forest Service (1995), at the turn of the century, most of the land in what is now the Salmon-Huckleberry Wilderness had burned over in wildfires.  Fifteen fires occurred from 1908 through 1917 in the watershed.  In 1915, about 10,000 acres in the Sherar burn area were consumed following a lightning caused wildfire.  The Abbott Burn burned about 2,000 acres around 1900 and burned another 3,000 acres around 1920.  In 1933/34, many lands in the Sherar burn/Wolf Camp Butte area burned again.  

Timber harvest has been identified as a dominant human process affecting landscape patterns within the Mud and Linney Creek area, west of Frying Pan Lake, and to the north of the Highway 26/35 interchange (Forest Service, 1995).  

A survey of road culverts (ODOT, 1997) identified the culverts shown on table 33 as needing repair.  

Table 33.  Culvert Repair, State and County Roads

	Road
	Road

Mile
	Stream
	Culvert

Type
	Culvert

Length

(feet)
	Culvert

Diameter

(inches)
	Habitat

Quality
	Priority

for

Repair

	Hwy 35
	57.42
	West Fork
	CMP
	120
	72
	good
	medium

	Hwy 35
	57.44
	West Fork
	CMP
	120
	36
	good
	medium

	Hwy 35
	57.78
	Salmon R
	CMP
	120
	72
	good
	high


Source:  ODOT, 1997; culvert type CMP = corrugated metal pipe.  

Riparian/Wetland Conditions

Specific riparian information was provided in conjunction with the channel habitat type surveys conducted by the Forest Service, and riparian resources also were described in the 1995 watershed assessment prepared by the Forest Service.  About 3,430 acres in the watershed is managed by the Forest Service as Riparian Reserves under the Northwest Forest Plan.  The Forest Service indicates that there are a variety of risks to the riparian reserves in the watershed, including timber harvest, grazing, roads, recreation, and fire.  The amount of early and late seral forest in much of the watershed is below the range of natural conditions because of fire in the early part of the century.  

In the lower watershed, the wide river valley and low stream gradients have allowed the river to meander, and several small adjacent wetlands are found (Forest Service, 1995).  The Salmon River/Red Top Meadows wetland complex located in the upper Salmon drainage are a mosaic of vegetative types including open meadows, mixed hardwoods such as alder and willow, and islands of coniferous trees that provide optimal forage and hiding cover for wildlife species.  National Wetland Inventory maps are available for the watershed.  

Sediment Sources

The Forest Service (1995) provides a detailed discussion of sediment sources in the watershed.  The Salmon Watershed has the highest potential for landslides of all watersheds in the Sandy Basin (table2); about 62 percent of the watershed is estimated to have a high potential.  The area most sensitive to landslides (mass wasting) is the western half of the watershed in the Salmon-Huckleberry Wilderness because the Salmon River and tributaries have cut steep, narrow valley out of weak volcanic rock making them susceptible to landslides.  High drainage densities increase the likelihood of sediment delivery.  Also, because the unvegetated, steep upper slopes of Mount Hood border the headwaters of the Salmon River, sediment delivery is virtually assured.  

In contrast, the eastern half of the watershed tends to be less sensitive to mass wasting because it contains more flat ground and has low drainage densities.  Stream bank failures are likely the most common type of landslide in this area, and can be effective in delivering sediment to streams.  Table 34 summarizes the landslide potential by drainage.  

The Forest Service (1995) conducted a landslide inventory for the watershed and found that of the 105 landslides tallied, 12 were associated with roads, 9 with clearcuts, 5 with roads/clearcuts, 5 with old clearcuts or possibly fire, 2 with non-forested land and 72 with mature forest.  

In the upper watershed, surface erosion processes dominate and include timber harvest and site preparation; road construction; recreational uses; grazing; and highway sanding.  The Forest Service (1995) calculated the estimated sediment yield from a variety of sources in the watershed that have a high potential for delivery into perennial streams (table 35).  

Table 34.  Landslide Potential

	Drainage
	Total

Acres
	High Landslide

Potential (acres)
	High Landslide

Potential (%)

	Boulder
	5,076
	5,004
	99

	Salmon
	5,582
	2,968
	53

	Cheeney
	6,118
	6,086
	99

	Lower Salmon
	3,742
	3,483
	93

	South Fork/Mac Hall
	8,057
	6,484
	80

	Middle Salmon
	13,234
	11,367
	86

	Linney/Draw
	10,189
	5,207
	51

	Upper Salmon
	11,770
	3,062
	26

	Mud Creek
	4,394
	924
	21

	West & East Forks
	5,098
	963
	19


Source:  Forest Service, 1995

Table 35.  Summary of Estimated Sediment Yield

	Drainage
	Total Road

Miles
	Miles within 300 ft. of Streams
	Road Sediment

tons/year
	Highway

Sanding

tons/year
	Recreation

tons/year
	Timber 

Harvest

tons/year

	Boulder
	0.60
	0.44
	18.12
	
	
	

	Salmon R
	24.79
	6.73
	262.05
	
	
	

	Cheeney
	0.02
	0.04
	1.57
	
	0.02
	

	Lower Salmon
	3.96
	4.01
	88.06
	
	14.45
	

	South Fork

Mac Hall
	2.87
	2.52
	143.15
	
	0.11
	

	Middle Salmon
	3.82
	0.73
	106.18
	
	0.09
	

	Linney/Draw
	33.33
	4.53
	248.63
	
	3.83
	20.04

	Upper Salmon
	27.08
	7.50
	270.30
	376.97
	0.13
	5.77

	Mud Creek
	24.82
	3.43
	160.46
	
	11.77
	10.62

	West & East

Forks
	28.72
	8.51
	533.62
	2082.57
	21.18
	6.74


Source:  Forest Service, 1995

Results suggest that existing roads and highway sanding are the largest contributors to potential sediment from surface erosion.  The average annual rate of surface erosion is predicted to be lower than that for landslides in the lower watershed (Forest Service, 1995).  However, surface erosion supplies a chronic background rate of sediment as compared to the infrequent, large pulses of mass wasting events.  

The Forest Service also identified key depositional reaches in the watershed, and estimated sediment delivery to these sites (table 36).  Sediment delivery to stream channels and transport to depositional reaches can alter substrates important to aquatic species.  

Table 36.  Cumulative Sediment Delivery at Key Reaches

	Key Depositional Reach
	Estimated Sediment

Delivery (tons/year)

	Salmon Meadows (Ghost Creek/Salmon Rvr confluence)
	3,081

	Confluence Mud Creek/mainstem Salmon Rvr
	183

	Confluence of Linney/Draw Creeks
	273

	Above Fly Fishing Bridge along Road 2618
	2,892


Source:  Forest Service, 1995

Of greatest concern to the Forest Service (1995) is the potential sediment deposition in the Red Top/Salmon Meadows reach because of the numerous terrestrial and aquatic species that could be affected by sediment deposition and habitat alteration in this wetland complex.  The second highest concern is sediment deposition at the Mud Creek confluence, which could affect resident fish and amphibian populations.  Although the reach above the Fly Fishing Bridge has the highest overall sediment delivery, surface erosion from management activities is considered negligible when geologic rates of erosion are considered (landslides).  

Water Quality

As part of the Wild and Scenic River Management Plan, the Forest Service and BLM have monitored the water quality of the Salmon River at five sites since 1991.  Monitoring shows that enterococcus bacteria (inadequate sewage treatment), water temperature (timberharvest and low riparian shade), sodium levels (snowfield salting), and suspended solids (road sanding) were parameters of concern within the West and East Fork, Mud Creek, Linney Creek, and the upper Salmon River.  In the lower watershed, water temperature was the only parameter of concern (Forest Service, 1995).  

In contrast to some of the other major streams of the Sandy River Basin, the Salmon tends to run clear even during the summer months when other streams contain glacial flow resulting from glacial melt on Mount Hood.  The river and several tributaries meander through the Red Top/Salmon River Meadows complex which allows sediments to settle out and helps to keep water quality high (Forest Service, 1995).  

The DEQ has listed the Salmon River from its mouth to Boulder Creek on the 1998 303(d) list as water quality limited for exceeding the summer water temperature standard applied for salmonid rearing.  

Fish and Fish Habitat

Final Falls at river mile 14 prevents the upstream migration of anadromous fish.  The Salmon River and its tributaries below Final Falls provide extremely important and productive spawning and rearing habitat for native anadromous salmon and steelhead.  Above the falls, the river provides important habitat for brook trout and native cutthroat trout, as well as supporting the downstream fishery by providing high-quality water and large woody debris important for meeting habitat needs.  

Habitat conditions for salmonids in the watershed are primarily of good quality and field surveys have identified a great diversity of habitat types; generally streams contain boulder and rubble substrate, are riffle dominated with frequent large pools due to the presence of bedrock outcrops, large boulders, or woody debris (Forest Service, 1993b).  Small meandering streams, large mainstem glides and pools, and small low-gradient tributaries, wetlands, and backwaters are also well distributed in the watershed (Forest Service, 1993b).  

Fish habitat has been degraded in some areas, however.  Channel work in the Salmon River and its tributaries following the 1964 flood (table 7) affected the amount and quality of aquatic habitat in these areas.  On private lands, many small streams and wetlands have been channelized, drained and filled.  Heavy recreational use along streams in the watershed has impacted streambanks and riparian vegetation.  

The watershed has a number of highly used recreation areas, and many other areas of low to moderate use.  The Salmon River is nationally renowned for its summer steelhead fishery that draws anglers from outside the state.  

There are historic reports of bull trout in the watershed, but their presence has not been confirmed.  Suitable habitat exists to support this species in Mack Hall Creek, the South Fork Salmon River, and Cheeney, Copper, and Wolf Creeks (Forest Service, 1993b).  

Conclusions

General

· A comprehensive watershed assessment has been prepared for the watershed and there are other existing documents providing fairly recent information.  

· About 92 percent of the watershed is managed by the federal government.  

Channel Habitat Types

· Specific channel habitat information exists for the Salmon River and many of the large and small tributary streams in the watershed.  

Hydrology and Water Use

· USGS stream gages in the watershed are no longer in use.

· Large floods periodically occur as a result of rain-on-snow events.

· Groundwater may be available if wells are several hundred feet deep.  

· The largest water use in the watershed is for municipal water supply; the City of Sandy has a water right to use Salmon River water.  

Channel Modifications

· There are no dams/water impoundments in the watershed.  

· Channel modification activities in the watershed have been extensive and include channelization/in-stream clearing after the flood of 1964, livestock grazing, timber harvest, recreation and fire.  

· Development is occurring along the lower Salmon River.  
Riparian/Wetland Conditions

· About 3,430 acres of riparian habitat is in federal ownership and designated under the Northwest Forest Plan as riparian reserves.  

· The amount of early and late seral forest in much of the watershed is below the range of natural conditions because of fire.  

· The watershed contains many small wetlands and a large wetland complex.  

· National Wetland Inventory maps are available for the watershed.  

Sediment Sources

· The watershed has the highest potential for landslides of all the watersheds in the basin.  

· The western half of the watershed is the most sensitive to landslides.  

· Roads and highway sanding are the largest contributors to potential sediment from surface erosion.

· Specific information on erosion processes and their rates of erosion have been estimated for the watershed.  

Water Quality

· The Forest Service and Bureau of Land Management monitor water quality in the watershed.  

· Bacteria, water temperature, sodium levels, and suspended solids are parameters of concern in the upper watershed.  

· Water temperature is a parameter of concern for the lower watershed.  

· The Salmon River from its mouth to Boulder Creek has been listed as water quality limited for summer water temperature.  

Fish and Fish Habitat

· Final Falls at river mile 14 on the Salmon River prevents the migration of anadromous fish into the watershed above this point.  

· The Salmon River and its tributaries below the falls provide important and productive spawning and rearing habitat for native anadromous salmon and steelhead.  

· Habitat conditions are of good quality, diverse, and provide stream attributes important for salmonids.  

· Suitable habitat exists for bull trout but its presence is unknown.

· Habitat has been degraded by channel work after the 1964 flood, by heavy recreational use in some areas, and by the activities of private landowners.  

Zig Zag River Watershed

Existing Data Sources

A comprehensive watershed assessment was prepared by the Forest Service, Mount Hood National Forest (1995c) for the Zig Zag River Watershed.  However, there were few other existing documents available that provided information about the watershed.  

General Characteristics

The Zig Zag River Watershed is shown in figure 12 and covers about 37,730 acres in Clackamas County (Forest Service, 1995c).  Elevations in the watershed range from 1,400 to 10,000 feet.  The Zig Zag River originates from the Zig Zag glacier on Mount Hood, flows westerly through mudflows deposits, and terminates in alluvium near its confluence with the Sandy River at river mile 43 near Rhododendron (Forest Service, 1995c).  Larger streams in the watershed include the Little Zig Zag River, Lady Creek, Devils Creek, Camp Creek, Henry Creek, and Still Creek (table 1).  The Camp Creek drainage includes many large wetlands, including Multorpor Fen, which is the watershed’s largest wetland.  

Figure 12.  Zig Zag River Watershed

[image: image11.png]



Source:  Forest Service, 1995c

Most of the watershed is under National Forest Land allocation and about 11,216 acres are wilderness areas and 1,690 acres are alpine areas.  About 1,248 acres are developed and 988 acres in private ownership.  Highway 26 essentially bisects the watershed.  

Channel Habitat Types and Description

The Forest Service (1995c) used the Rosgen channel classification system for identifying stream types in the watershed.  Appendix A provides some information on the Rosgen system.  Figure 13 shows the Rosgen stream distribution for the Zig Zag River and larger tributaries.  General definitions of the stream types are:  


A+
very steep, deeply entrenched debris transport stream type


A
steep, entrenched, cascading step/pool stream type



stable if bedrock or boulder dominated channel


B
moderate gradient, moderately entrenched, riffle-dominated channel



with frequent pools; very stable profile and stable banks


C
low gradient, meandering, point-bar, riffle dominated channels with



broad well-defined floodplains

E
low gradient, meandering riffle/pool stream with low width/depth



ratio and little deposition; efficient channel and stable.


F
entrenched meandering riffle/pool channel on low gradients with



high width/depth ratio; laterally unstable with high bank erosion rates

Figure 13.  Rosgen Stream Distribution
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Information from the Forest Service (1995c) concerning stream and habitat types is summarized below.  Riparian information was not provided.  

The Zig Zag River is a steep gradient stream (types A and B) from its headwaters to its lower two miles, where it becomes more moderate in gradient (type C), provides good quality anadromous fish habitat.  Its habitat type is mostly riffles with some side channels.  

The entire length of the Little Zig Zag River and Lady Creek are steep, high energy debris transport streams (type A).  The primary habitat type for both streams is riffles.  Cool Creek also is a very steep, high energy debris transport stream (types A+ and A) for its entire length.  Its habitat type is mostly riffles.  

From its mouth to river mile 6.8, Still Creek has a low gradient, is meandering, has a riffle-dominated channel with broad floodplain and provides good quality habitat for anadromous fish (type C).  Above river mile 6.8, the creek becomes steep, cascading with step/pools and is a high energy debris transport stream (type A).  

Camp Creek is a steep gradient stream (type A) from its headwaters to the Multorpor Fen Area.  For the next three miles, its gradient lessens and then flattens for one mile into an unstable channel in an area of volcanic mudflow deposits.  From here, it becomes lower in gradient before reaching the Zigzag River (type C/F).  The creek contains mostly riffle habitat but also has side channels and pools.  

The upper portion of Henry Creek is a very steep debris transport stream (type A+) then becomes more moderate in gradient (type B) which provides good quality anadromous fish habitat in riffles and pools.  Wind Creek is a steep high energy debris transport stream in its upper reaches (type A+ and A), and then becomes more moderate in gradient (type C).  Habitat types are mostly riffles with some pools.  Devils Canyon is an A or B type channel for 3.2 miles from its mouth, then becomes a type E for 0.4 miles (low gradient, meandering riffle/pool stream).  Above this point, it is a very steep debris transport stream (type A+).  Habitat types are mostly riffles with some pools and side channels.  

Wind Creek, a tributary to Camp Creek, was surveyed by the Forest Service under the Mount Hood Riparian Survey Program in 1993.  This information is summarized below.  

Wind Creek originates just north of Wind Lake on Tom Dick and Harry Mountain and flows for 3.8 miles over a 2,400-foot drop in elevation to its confluence with Camp Creek.  Reach 1 extended from the mouth to river mile 0.25, where a series of cascading riffles (23% gradient) began (possible barriers to fish migration).  Cobble was the dominant substrate and habitat was low gradient riffles.  Riparian habitat was pole/sapling vine maple.  Canopy cover was 50 to 60%.  Reach 2 extended from river mile 0.25 to the top of a series of waterfalls at river mile 1.2.  Bedrock was the dominant substrate.  Riparian habitat was small tree western hemlock.  Canopy cover was 60 to 70%.  Reach 3 extended from river mile 1.2 to the headwaters (river mile 3.8, 4,610 feet in elevation).  Substrates were dominated by cobble and low gradient riffle was the dominant habitat.  Riparian habitat was hemlock/Douglas fir and canopy cover was 40 to 50%.  

Hydrology and Water Use

Precipitation

Annual precipitation in the watershed ranges from about 130 inches at the highest elevations to 65 inches in the upper Still Creek drainage (Forest Service, 1995c).  The greatest precipitation occurs from November through January, and the least amounts from July through August.  Mount Hood sustains a year-round snowpack in its highest elevations which provides water storage over the winter and supplements flows during the summer.  

Surface Water

Three USGS stream gages were located in the watershed, but their use has been discontinued (table 37).  Average discharges from streams are substantially influenced by rates of snow accumulation and snowmelt; the highest sustained flow period occurs in May and June.  Large floods occur as rain-on-snow events during the winter.  

Table 37.  Discontinued Stream Gages

	Station Name
	Station I.D.
	Period of Record

	Little Zig Zag River at Twin Bridges near Rhododendron
	#14131000
	1926-36

	Zig Zag River near Rhododendron
	#14131400
	1981-93

	Zig Zag River at Rhododendron
	#14131500
	1920-21; 1926-30


           Source:  U.S. Geological Survey, 1999  online:  http://oregon.usgs.gov

Groundwater

Alluvial aquifers that yield from 50 to 500 gallons per minute are found along the lower Zig Zag River stream channel and are hydraulically connected to the river (WRD, 1991).  Away from the river, lavas from the Sardine Formation can provide about 10 to 50 gallons per minute from wells that may exceed 500 feet in depth (WRD, 1991).  At higher elevations, groundwater is found in younger volcanic rocks and it may be possible to obtain yields up to 200 gallons per minute, although wells must be several hundred feet deep (WRD, 1991).  

Water Use and Availability 

The ODFW holds in-stream water rights in the watershed to provide fish with adequate flow on Camp Creek, Henry Creek, Still Creek, and the Zig Zag River (ODFW, 1997).  Existing water right data for surface water and groundwater was obtained from the from the Water Resources Department’s Water Rights Information System (as of April 28, 1999).  Surface water and groundwater rights by use are shown in tables 38 and 39, respectively.  

Table 38.  Surface Water Rights by Use, Zig Zag Watershed

	Stream
	Total

(cfs)
	Irrigation

(cfs)
	Fish/Wildlife

(cfs)
	Agriculture

(cfs)
	Industrial &

Municipal (cfs)

	Rockwood Creek
	0.05
	
	
	
	0.05

	Henry Creek
	1.03
	
	
	
	1.03

	Still Creek
	0.26
	
	
	
	0.26

	Swim Creek
	0.05
	
	
	
	0.05

	Camp Creek
	3.96
	
	
	
	3.96

	Wind Creek
	0.25
	
	
	
	0.25

	Fern Creek
	0.10
	
	
	
	0.10

	Devil Canyon
	2.15
	0.50
	
	
	1.65

	Lady Creek
	1.00
	
	
	
	1.00

	Total
	8.85
	0.50
	0
	0
	8.35



Source:  Water Resources Department, Water Rights Information System as of April 28, 1999
online at http://www.wrd.state.or.us.
Table 39.  Groundwater Water Rights by Use, Zig Zag Watershed

	Stream
	Total

(cfs)
	Irrigation

(cfs)
	Fish/Wildlife

(cfs)
	Agriculture

(cfs)
	Industrial &

Municipal (cfs)

	Zig Zag River
	1.50
	
	
	
	1.50

	Sand Canyon > Little Zig Zag Canyon
	0.19
	
	
	0.19
	

	Total
	1.69
	0
	0
	0.19
	1.50



Source:  Water Resources Department, Water Rights Information System as of April 28, 1999

online at http://www.wrd.state.or.us.

Table 40 shows the water availability information obtained from OWRD’s Water Availability Reporting System.  Boulder Creek appears to be appropriated for all months because of fish and municipal water rights.  

Table 40.  Water Availability

	Stream
	Months water may not be available

	Camp Creek
	Jan, Mar, May through Dec

	Henry Creek
	All months

	Still Creek
	Jan, Mar, May through Dec

	Zig Zag River
	Jan, Mar, May through Dec


Source:  Water Resources Department, Water Availability Reporting System, online at http://www.wrd.state.or.us, as of May 9, 1999

Channel Modifications

According to the Forest Service (1995c), timber harvest has occurred on about 883 acres in the watershed from 1950-1995.  Harvest activities began in the 1950s when about 200 acres of salvage was taken after the 1952 Zig Zag burn.  Total harvest in the 1960s and 1970s was less than 100 acres.  The majority of the harvest in the 1980s was associated with stands affected by root disease.  In 1992-1993, about 150 acres of private land in the Henry/Zigzag area were harvested.  For 1995-1996, about 255 acres of harvest occurred in stands affected by root disease.  

Fire has been a major influence within the watershed (Forest Service, 1995c).  The earliest recorded forest fires occurred around 1852 and burned near Government Camp.  In 1901, fires burned throughout the watershed with little to no human effort to suppress them (Forest Service, 1995c).  It is believed that many fires were intentionally set by sheepherders (to increase acreage of range land), by hunters to drive game animals into traps, or were started unintentionally by campfires.  The Oregon National Forest fire atlas lists 89 fires within the watershed during 1908-1930.  The largest recorded fire covered 10,000 acres in August 1917, and was started by an escaped campfire.  The most recent significant fire, the Zig Zag burn, covered +1,000 acres in October 1952.  

The flood of 1964 scoured channels and swept much of the large woody material out of the Zig Zag system (Forest Service, 1995c).  After the flood, the Corps of Engineers, Forest Service, other public agencies, and private individuals removed remaining large logs and boulders from sections of Still Creek, Camp Creek, and the Zig Zag River (table 7).  

The Zig Zag River was deepened and straightened which cut off meanders, oxbows, and side channels.  Substantial amounts of aquatic habitat were lost, and the diversity and quality of aquatic habitat was reduced by these actions.  

A survey of road culverts (ODOT, 1997) identified the culverts shown on table 41 as needing repair.  Also, an Environmental Impact Statement is undergoing completion by ODOT that evaluates alternatives for improving Highway 26 from Rhododendron to the Oregon 35 junction (ODOT, 1999).  

Table 41.  Culvert Repair, State and County Roads

	Road
	Road

Mile
	Stream
	Culvert

Type
	Culvert

Length

(feet)
	Culvert

Diameter

(inches)
	Habitat

Quality
	Priority

for

Repair

	Hwy 26
	53.2
	Unnamed Cr to Camp Cr
	CCL
	120
	38
	fair
	low

	Hwy 26
	54.57
	Still Creek
	CCL
	150
	36
	good
	medium


Source:  ODOT, 1997; culvert type CCL = concrete culvert

Riparian/Wetland Conditions

There is very little available information on riparian areas in the watershed.  According to the Forest Service (1995c), Riparian Reserves in the watershed cover 7,082 acres.  The entire watershed falls far below the historic conditions for late seral stand structure within the Riparian Reserves, which is attributed to the fire history of the watershed.  Drainages vary from 2 to 20 percent in late seral stands and Camp Creek has the lowest percent.  

The Forest Service (1995c) reports that various types of wetlands are scattered throughout the watershed, including wet meadows with and without ponds, and forested wetlands.  About 301 acres of wetlands and 24 acres of riparian wetlands were identified for the watershed from the National Wetlands Inventory Map.  Multorpor Fen is the largest wetland in the watershed and is owned by the Nature Conservancy.  There also are several high mountain lakes that create a special habitat in the watershed and include Enid, Collins, Mirror, Wind, Veda, Hidden, Devils, and Five lakes.  

Sediment Sources

The Forest Service (1995c) calculated sediment sources in the watershed with a high potential for delivery to perennial streams.  These sources include road sediment, highway sanding, recreation activities, and timber harvest.  Existing roads and highway sanding were found to be the largest contributors of potential sediment in the watershed (table 42).  While overall road density appears low, most roading has taken place directly adjacent to major streams and tributaries.  Highway 26 and Still Creek Road (FS 2612) have the highest potential for sediment delivery in the watershed.  Many unstable stream reaches in lower Camp Creek and the lower Zig Zag River are high risk areas for bank erosion and channel migration (Forest Service, 1995c).  

The Forest Service also identified key depositional reaches in the watershed, and estimated sediment deposition (table 43).  The Zigzag River at the confluence with the Sandy River has the highest overall sediment delivery.  

Table 42.  Summary of Estimated Sediment Yield, Zigzag Watershed

	Subwatershed
	Total Road

Miles
	Miles within 300 ft. of Streams
	Road Sediment

tons/year
	Highway

Sanding

tons/year
	Recreation

tons/year
	Timber 

Harvest

tons/year
	Total

tons/year

	Still Creek
	29.37
	15.08
	328.33
	693.77
	8.00
	0
	1,303.10

	Henry/Zigzag
	20.24
	7.24
	160.01
	121.69
	5.16
	15.12
	301.98

	Devil/Lady
	4.19
	2.15
	25.15
	0
	0.21
	0
	25.36

	Camp Creek
	20.77
	4.61
	285.87
	2,102.14
	8.53
	0
	2,396.54

	Little Zigzag/

Zigzag
	5.44
	5.70
	331.76
	406.40
	13.31
	0
	751.47

	Total
	80.01
	34.78
	1,348.90
	3,324.00
	35.21
	15.12
	4,778.45


Source:  Forest Service, 1995c

Table 43.  Cumulative Sediment Deposition at Key Reaches

	Key Depositional Reach
	Acres
	Estimated Sediment

Deposition (tons/year)

	Still Creek Key Site Riparian
	3,968
	950.37

	Still Creek at confluence with Zigzag River
	10,714
	352.73

	Camp Creek below Laurel Hill
	3,782
	531.48

	Zigzag River at confluence with Sandy River
	19,536
	2,943.87


Source:  Forest Service, 1995c

Water Quality

There does not appear to be much water quality data available for the watershed, and no monitoring is currently being done.  The US Environmental Protection Agency’s STORET database contains some data from 1974-1979; however, the Forest Service (1995c) believes some readings were erroneous.  The Forest Service sampled water quality in Camp Creek, Still Creek, and the Zig Zag River in September 1995.  Their conclusions concerning water quality in the watershed are shown below (Forest Service, 1995c).

· The Zig Zag River has moderate problems with turbidity and sediment associated with glacial runoff and unstable channels.  

· Camp Creek and Still Creek have moderate problems with turbidity and sediment associated with highway sanding and road surface erosion.

· With some exceptions, fecal coliform levels in the Government Camp sewage treatment plant’s outfall meet water quality standards.  However, there have been some short-duration, high concentrations of bacteria discharged into Camp Creek.  

· The salting of the Palmer snowfield is having an effect on water quality in Still Creek.  

Fish and Fish Habitat

The Zig Zag River and its tributaries provide important and productive spawning and rearing habitat for native salmon and steelhead in the watershed.  The Zig Zag River also serves as an important conduit for anadromous fish to reach tributary habitats.  Still and Camp Creeks are recognized for providing high quality spawning and rearing habitat for salmon and steelhead and are important natural production areas (ODFW, 1997).  Smaller tributaries in the watershed also make a significant contribution to overall natural fish production (ODFW, 1997).  

Other fish species in the watershed include cutthroat trout (migratory and resident), rainbow trout, brook trout (stocked in watershed lakes), Pacific lamprey, mountain whitefish, longnose dace, torrent and shortnose sculpin.  

There are historic reports of bull trout in the watershed, but their presence has not been confirmed.  Suitable habitat exists on the Zig Zag and Little Zig Zag Rivers (Forest Service, 1995c).  Also, suitable habitat is present for redband trout, which is proposed for listing under the Endangered Species Act.  

Fish habitat has been degraded in some areas.  Channel work in the Zig Zag River and its tributaries following the 1964 flood (table 7) affected the amount and quality of aquatic habitat in these areas.  River mile 2.2 to 7.3 on the Zig Zag River is a stream reach with high potential for disturbance, sediment supply, and/or bank erosion potential and is located immediately upstream of an area of high quality habitat for anadromous fish (Forest Service, 1995c).  Timber harvest, fire, recreation, and sediment from roads and highway sanding have all affected aquatic habitat in the watershed.  

The Forest Service (1995c) reports that at least 3.5 miles of fish habitat in the watershed is partially to fully blocked by migration barriers.  Culvert barriers exist on the Little Zigzag (one mile), Still Creek tributaries (one mile) and Henry Creek (about 0.5 mile).  Lady Creek is partially blocked by old dams and fill material at its mouth (one mile), although fish passage has been improved in the area by adding step pools.  The ODOT has also identified road culverts that need repair.  

Conclusions

General

· A comprehensive watershed assessment has been prepared for the watershed, although there were few other existing documents available providing information.  

· Most of the watershed is managed by the federal government.  

Channel Habitat Types

· Specific stream and habitat type information exists for the Zig Zag River and larger tributary streams in the watershed.  No specific riparian information was available.  

Hydrology and Water Use

· USGS stream gages in the watershed are no longer active.  

· Large floods tend to occur as a result of rain-on-snow events.

· Groundwater may be available if wells are several hundred feet deep.  

· Water use is primarily for domestic water supply.  

Channel Modifications

· Channel modification activities in the watershed have been extensive and include channelization and in-stream clearing after the flood of 1964. 

· Plans have been developed to improve Highway 26 from Rhododendron to the Oregon 35 junction.  

Riparian/Wetland Conditions

· There is very little available information on riparian areas in the watershed.  

· About 7,082 acres of riparian habitat is in federal ownership and designated under the Northwest Forest Plan as riparian reserves.  

· The watershed contains about 324 acres of wetlands of various types.  

· Multorpor Fen is the largest wetland and is owned by the Nature Conservancy.  

· National Wetland Inventory maps are available for the watershed.  

Sediment Sources

· Road sediment and highway sanding are the largest contributors of sediment in the watershed.  

· Many unstable reaches in lower Camp Creek and lower Zig Zag River are high risk areas for bank erosion and channel migration.  

· Specific information on erosion processes and their rates of erosion have been estimated for the watershed.  

Water Quality

· There does not appear to be much water quality data available for the watershed, and no monitoring is currently being done.  

· The Zig Zag River, Camp Creek, and Still Creek have problems with turbidity and sediment.  

· There have been some short-duration, high concentrations of bacteria discharged into Camp Creek from the Government Camp sewage plant.  

· The salting of the Palmer snowfield is affecting Still Creek.  

Fish and Fish Habitat

· The Zig Zag River and its tributaries provide important and productive spawning and rearing habitat for native salmon and steelhead in the watershed.  

· The Zig Zag River serves as an important conduit for fish to reach tributary habitats.  

· Suitable habitat exists for bull trout and redband trout, but their presence is unknown.  

· At least 3.5 miles of fish habitat in the watershed is partially to fully blocked by migration barriers.  

· Aquatic habitat has been degraded by channel work after the 1964 flood, timber harvest, fire, recreation, and sediment from roads and highway sanding.  
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