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ONHP Oregon Natural Heritage Program

OWEB Oregon Watershed Enhancement Board 

OWQI Oregon Water Quality Index 

OWRD Oregon Water Resources Department 

POD Point of diversion 



North Santiam River Watershed Assessment
June, 2002 Page xiii

PRISM Parameter-elevation Regressions on Independent Slopes Model

PLS Public land surveys

RM River mile

SGO Sensitive Groundwater Overlay

SSCGIS State Service Center for GIS

TMDL Total maximum daily load 

USACE U.S. Army Corps of Engineers

U.S. EPA U.S. Environmental Protection Agency

USDA U.S. Department of Agriculture

USFWS U.S. Fish and Wildlife Service 

USGS U.S. Geological Survey

WPCF Water Pollution Control Facility 

WAB Water Availability Basin 

WAR Water Available for Runoff

WPN Watershed Professionals Network
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EXECUTIVE SUMMARY

Introduction

This report presents the results of an assessment conducted of the Lower and Middle

Reaches of the North Santiam River watershed, from the vicinity of Big Cliff Dam to the

confluence with the South Santiam River.  The purpose is to inventory and characterize

watershed conditions and to provide information that can be used to develop and prioritize

actions to protect, enhance, and restore watershed function and health.  Following is a summary

of key findings identified for the primary components of this watershed assessment.  

Fisheries

This assessment focuses significant attention on watershed processes that affect salmonids

and their associated habitats.  Salmonids are often used as indicator species under the assumption

that they are among the most sensitive species in a stream network (WPN 1999, Bottom et al.

1998, Tuchmann et al. 1996).  Habitat conditions that are good for salmonids generally reflect

good habitat conditions for other species of aquatic biota. 

Anadromous salmonid species known to occur in the Lower and Middle Reaches of the

North Santiam River include chinook salmon (Oncorhynchus tshawytscha), coho salmon (O.

kisutch), and steelhead trout (O. mykiss).  Resident cutthroat trout (O.  clarkii) and rainbow trout

(O.  mykiss) are also present throughout the study area.  The Upper Willamette River

Evolutionarily Significant Unit (ESU) includes spring chinook and winter steelhead as

threatened.  The Santiam River, in the lower portion of the study area, and also the lower

segment of the North Santiam River, are home to small populations of Oregon Chub

(Oregonichthys crameri), an endangered species that is endemic to the Willamette Valley.  

There are data available on the status of fisheries in the North Santiam River system,

although data specific to the Middle or Lower Reach are more limited.  Anadromous salmonid

distribution is now confined to the area downstream of the Big Cliff Dam, which is at the upper

extent of the Middle Reach subwatershed. 

Spring chinook are found throughout the Middle and Lower Reaches below Big Cliff Dam. 

Spring chinook historically spawned in the tributaries that drained the Cascades and probably

reared in the lower tributaries and mainstem riparian areas and marshes.  The riparian forests and

most of the marshlands have been removed.  The mainstem rivers have been extensively
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channelized, eliminating most secondary channels.  Substantial spring chinook rearing areas

have been lost.  

Since 1996, spring chinook counts at the Bennett Dams on the North Santiam River have

increased, perhaps in response to more favorable ocean conditions.  The Oregon Department of

Fish and Wildlife (ODFW; 1995) concluded, however, that wild spring chinook populations in

the Willamette Basin on the whole have declined as compared with historic levels, in large part

because dams blocked access to and/or inundated spawning areas, adult holding pools in

tributaries and juvenile rearing capacity have decreased, and also because of mixed-stock

fisheries.  Factors thought to be especially important in the North Santiam watershed include the

elimination of many of the natural spawning beds due to the construction of Detroit and Big

Cliff Dams, water flow and temperature conditions below the dams, and degradation of

spawning and rearing habitat.  

The Lower and Middle Reaches of the North Santiam River contain both winter-run and

summer-run steelhead, including a native late-run winter steelhead population.  Although the

Santiam River watershed has produced about 60 percent of the wild steelhead in the Willamette

Basin above Willamette Falls, steelhead production has decreased compared to historical levels.

Steelhead production in the Lower and Middle Reaches of the North Santiam River is less than

pre-dam levels, but continues to be an important component of the steelhead production for the

Willamette Basin. 

The abundance of steelhead spawners in the North Santiam River remained relatively stable

in the 1970s and 1980s, but declined in the 1990s.  North Santiam River winter steelhead

spawning counts for the period 1980 through 1997 showed a generally declining trend.  Since

1991, the total estimate has generally been below 2,000 fish.  However, 2001 was a particularly

strong year for winter steelhead, and as of June, 2001 the runs for steelhead were well over 4,000

fish, according to ODFW fish biologists.

Steelhead populations have been affected by freshwater habitat degradation due mainly to

human activities, particularly by reducing stream complexity and removing habitat components

that are essential to steelhead production. Activities in the North Santiam River watershed that

contribute to habitat loss include logging and road construction, dam construction, small

irrigation dams, and unscreened diversion ditches.  



North Santiam River Watershed Assessment Executive Summary
June, 2002 Page xvii

Aquatic and Riparian Habitats

Habitat survey data collected by ODFW provide the best available source of information for

assessing the present status of the freshwater habitat within the study area, but data are only

available for a relatively small percentage of the overall stream resource.  Since 1996, three

creeks have been surveyed in the Middle Reach, but none have been surveyed in the Lower

Reach.  Overall, the majority of the tributary stream reaches surveyed throughout the Middle

Reach had moderate stream habitat conditions and there were no stream reaches that were

consistently rated as desirable, suggesting a need for improvement. 

The nature of riparian vegetation is very different in the Lower Reach than in the Middle

Reach. The Middle Reach is comprised largely of forested Cascadian foothills, whereas the

Lower Reach is a broad, lowland valley.  Large conifers may have historically been much more

abundant in the riparian zone of the forested landscape as compared with lowland areas, and

were undoubtedly very significant in the Middle Reach.  The natural vegetation of the riparian

zone in the Lower Reach was more characteristic of the Willamette Valley.  

Recruitment potential of large woody debris (LWD) from the riparian zone was identified

based on the size and species of trees in the riparian zone and their distance from the

streambank, according to the Oregon Watershed Enhancement Board (OWEB) methodology. 

This analysis provides a coarse-screening of the overall condition of LWD recruitment potential

throughout the watershed.  The potential for LWD recruitment was very low in all

subwatersheds.  LWD recruitment potential was marginally higher in the Middle Reach than in

the Lower Reach. 

Shade conditions were rather evenly distributed among the low, moderate, and high

categories.  Riparian conifer conditions were low in most reaches, suggesting that much of the

shading is provided by hardwood species such as alder and maple. These relatively short-lived

hardwoods do not contribute high quality LWD to the stream system.  Shade conditions along

the mainstem river were only desirable in a few short segments of the upper part of the Middle

Reach.

The Middle Reach has an average stream crossing density of 3.6 stream crossings per

square mile, and the Lower Reach has an average stream crossing density of 1.9 stream crossings

per square mile.  Only about 10 percent of the culverts in the study area (55 culverts of 542
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road/stream crossings) have been surveyed for potential fish passage barriers and 53 percent of

those surveyed were judged by ODFW to be impassable.  

The present condition of freshwater habitat in the Lower and Middle Reaches of the North

Santiam River watershed has been heavily  influenced by human activities and natural

phenomena that have occurred over an extended period of time. Several events and practices

have severely disturbed the watershed, the most significant of which have included dam

construction, channelization, diking, bank stabilization, flood plain development, logging, and

gravel removal.  

In-channel structures and activities associated with streambank stabilization and flood

control have adversely affected aquatic organisms and their associated habitats by changing the

physical character of the stream channel. However, limited data exist regarding the specific

locations of channel modifications and historical channel disturbances.  It is known that large

segments of the banks of the mainstem North Santiam River were diked and stabilized. This has

been most prevalent throughout the Lower Reach. Bank stabilization through the creation of

revetments has helped to reduce property damage during high flow periods and has protected

agricultural land and developed areas from flood damage.  However, river bank armoring has

also greatly diminished the amount and quality of off-channel and backwater habitat that is very

important to many species of aquatic biota, including juvenile salmonid fish and the endangered

Oregon chub.  

Hydrology

Human activities in the watershed have altered the natural hydrologic cycle, causing

changes in water quality and the condition of aquatic habitats.  Some examples of human

activities that affect watershed hydrology are dam construction and operation, diking, bank

stabilization, timber harvesting, conversion of forested land to agriculture and agricultural land

to urban, and construction of road networks.  The focus of the hydrologic analysis component of

this assessment is to evaluate the potential impacts from land and water use on the hydrology of

the watershed (WPN 1999).  It is important to note, however, that this assessment only provides

a screening for potential hydrologic impacts based on current land use activities in the

watershed. 
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Construction and operation of Detroit and Big Cliff Dams have had significant impacts on

the hydrology of the mainstem river.  In particular, both peak flow and low flow conditions have

been moderated.  Peak flows now tend to be lower and low flows higher than pre-dam

conditions.  In addition to modification of downstream flows, effects of the dams on fisheries

include temperature changes in the reservoirs and downstream, blockage of fish passage, and

loss of spawning and rearing habitat (USACE 1980).  Modification of flow conditions has also

had negative impacts on hydrogeomorphic function, recruitment of LWD, and sediment

transport, especially in the lower reaches and the floodplain.  

The hydrology of the study area is mainly dominated by medium-to-low-gradient reaches,

including the mainstem of the North Santiam River.  Peak flows are, and have always been,

controlled by rain events and snowmelt.  Most of the discharge in the lower reach of the river

originates in the upper watershed (above the study area).  The hydrology is often quite flashy;

discharge can increase from baseflow to over 10,000 cfs in less than 24 hours.  Present-day

hydrology is strongly influenced by the dams.  The effects on hydrology of other land use

activities within the watershed are small in comparison with the effects of the dams.  

Only 0.5 percent of the Middle Reach North Santiam River watershed is in agricultural land

use.  There is, therefore, little potential for agriculture to impact hydrology to any significant

extent.  In contrast, 40 percent of the Lower Reach is in agricultural land use, and agricultural

land use can have a substantial impact on runoff.  Factors associated with agricultural land use

that may have impacted the hydrology of the North Santiam River watershed include draining

and ditching of wetlands and disconnection of the floodplain.  Agricultural and urban land uses

are concentrated in the lower elevations of the watershed, generally in the floodplains of the

North Santiam and Santiam Rivers.  Historically, these floodplains contained extensive wetland

areas that trapped sediments and accumulated plant material, resulting in rich fertile soils. 

Disconnecting part of the floodplain from the rivers has likely resulted in the loss of flood

attenuation capacity, increased peak flows, down-cutting of channels,  and increased flow

velocities.  However, the potential for peak flow enhancement for agricultural and range lands in

the Lower and Middle Reaches was classified in the low and moderate ranges only.  

According to GIS calculations for the Oregon Department of Forestry (ODF) fire roads

coverage, all of the subwatersheds in the Lower and Middle Reaches of the North Santiam River

watershed were considered to have a low potential impact on hydrology from the density of
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forest roads.  Other hydrologic impacts may have occurred in response to forest fires.  Urban and

residential development results in soil compaction and reduced opportunity for precipitation to

infiltrate into soils.  Because only 4.6 percent of the study area is in urban land use, the overall

impact of such factors is expected to be small.  However, the impact of urban land use is likely

to increase in the future.  

Water Use

Water that is withdrawn from the stream has the potential to affect in-stream habitats by

reducing flow or dewatering that stream.  In-stream habitats can be altered as a result of this

removal.  Possible effects of streamwater withdrawal include increased water temperatures and

the creation of fish passage barriers.  

In-stream water rights were established by the Oregon Water Resources Department

(OWRD) for the protection of fisheries, aquatic life, and pollution abatement.  However, they

remain junior to most other water rights in the watershed.  Total water rights on the North

Santiam system include allocations for nonconsumptive hydroelectric power generation and fish

and wildlife.  Industrial, agricultural, municipal, and miscellaneous water users also hold

consumptive rights to use substantial amounts of water from the system.  

The largest amounts of water appropriated in the North Santiam River watershed are for

irrigation and municipal use.  Most of this water is appropriated in the lower elevations of the

watershed (in the subwatershed defined as the North Santiam River at its mouth) and is used for

a variety of agricultural purposes and to provide water to Salem and to the small communities

along the lower North Santiam River.  

The Lower and Middle Reaches of the North Santiam watershed contain a total of 1,196

points of diversion (PODs), 997 in the Lower Reach and 199 in the Middle Reach.  Associated

with these PODs are at least 1,063 separate water rights.  The majority of PODs (76 percent) are

associated with irrigation water rights.  About 35 percent of the consumptive water use

(excluding power rights) is associated with municipal water rights and 44 percent is associated

with irrigation water rights. 

Based on current water availability model outputs, there is moderate concern for dewatering

in the North Santiam River watershed at the mouth, with water loss ranging between 24 percent

and 35 percent of the predicted in-stream flows for the months of July through October.  The
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overall dewatering potential was high (65 percent and 55 percent in August and September,

respectively) in Stout Creek.  It is likely that water withdrawals from the North Santiam River

and its tributaries are having some impact on current in-stream flows, but the impacts are

generally moderate and are primarily in Stout Creek and the lower reaches of the river.  

However, any time water is appropriated for out-of-stream use, there is a potential for some

effects on the in-stream habitats to occur during periods of very low flow. 

Sediment Sources

Sediment is a normal and critical component of stream habitat for fish and other aquatic

organisms. The more that sediment levels deviate (either up or down) from the natural pattern in

a watershed, the more likely it is that aquatic habitat conditions will be significantly altered. 

Most experts agree that land use practices have increased the rate of erosion in many watersheds

(WPN 1999, Naiman and Bilby 1998). Excessive sediment levels frequently have a  negative

impact on aquatic organisms, including salmonid species.  

Prior to construction of the dams, some sediment originating at the higher elevations was

deposited in the Lower and Middle Reaches.  Construction of the dams blocked transport of

sediment from almost 60 percent of the North Santiam watershed.  It is likely that the blocked

area previously contributed an even larger percentage of the total sediment load because of

steeper slopes, higher sediment transport rates, and higher precipitation (USACE 2000). 

Consequently, there is less sediment in the stream system below Big Cliff Dam today than there

was prior to human settlement, and most of the sediment today originates from within the Lower

and Middle Reaches and from the Little North Santiam River.  

Upland processes that deliver sediment to the stream system include landslides and surface

erosion. In lowland streams and rivers, erosion occurs principally as streambank erosion, which

often causes significant losses of riparian agricultural land.  In this watershed, slope instability,

road instability, streambank erosion, and rural road runoff are probably the most significant

sediment sources.  In addition, wildfires can alter soil conditions, setting the stage for increased

rates of erosion.  

Sediment movement is generally episodic, with most erosion and downstream soil

movement occurring during large storm events. Super-saturated weak soils on steep slopes lose

cohesion, and cause landslides and debris flows. Extremely high flows are usually associated
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with rain-on-snow events, which occur when snowpack is melted by warm rain, rapidly releasing

a large volume of water.  However, the Detroit and Big Cliff Dams attenuate the effects of high

flows from upstream of the study area and trap sediment and woody debris, so the effects of

large storm events on the mainstem of the North Santiam River in the study area have been

reduced since pre-dam times.

In the Middle Reach, slope instability, road instability, and rural road runoff are likely the

most significant sediment sources today. In the Lower Reach, most erosion is likely to originate

from earthflows, streambank erosion and surface erosion from crop lands.  Agricultural areas

predominate in the Lower Reach, suggesting that bank erosion might be a significant sediment

source in that area.  

Water Quality

The North Santiam River Watershed Council collected temperature data at 30-minute

intervals during the summer of 2000. They found that 14 of the 15 continuous monitoring sites

with valid data exceeded the 17.8o C temperature criterion based on the 7-day statistic (the 7-day

moving average of the daily maximum temperature; Sandberg 2001). These data suggest that

both the North Santiam River and the Santiam River are impaired with respect to temperature,

corroborating their inclusion on the 303(d) list of water quality impaired water bodies.  

The operation of Detroit and Big Cliff Dams influences the temperature of river water, with

different effects depending on the time of year.  The average water temperature below the dams

is 3° to 5° C colder than inflowing water between mid-June and the end of August.  However,

during the period September through November, water below the reservoirs is generally 3° to 6°

C warmer than above the reservoirs.  This increase in temperature in the fall is believed to

negatively affect the survival of juvenile chinook salmon hatched from eggs deposited below the

dams (NMFS 2000b, USACE 1988).  

Water quality in the North Santiam River is occasionally impacted by moderately high

levels of fecal coliform bacteria and biochemical oxygen demand.  These high concentrations

occur primarily in the wet fall, winter, and spring seasons, suggesting runoff from fields, ditches,

and storm drains carrying organic material to streams and rivers in the subbasin. Due to the low

frequency and low severity of these impacts, water quality in the North Santiam River is

generally considered excellent.  However, monitoring results suggest that there is a progressive
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deterioration in water quality through the length of the river. While changes in some constituents

are to be expected, the nature of the changes in nutrients, bacteria, and organic contaminants

suggest that there are sources of these constituents in the watershed that may be adversely

affecting water quality. 

Recommendations

A list of recommendations is provided in order to highlight the most important types of

actions needed within the watershed, and the general types of locations where the identified

actions should be carried out.  The recommended actions include the following:

• Identify and survey areas currently used by salmonids and identify focal, adjunct, and
nodal habitat areas.  

• Field verify the channel habitat type and riparian GIS data layers.  

• Analyze the watershed upstream from identified good habitat areas to locate potential
problems that could result in future degradation to high-quality habitat.

• Improve habitat through the creation of off-channel winter refugia and introduction of
LWD.  

• Conduct long-term monitoring to evaluate changes in water quality, habitat quality, and
system productivity for juvenile salmonids.  

• Prioritize stream reaches for fencing and restoration of wetlands and riparian vegetation,
and plant riparian conifers and native species in areas lacking LWD recruitment
potential. 

• Complete a culvert survey of all culverts that have not been evaluated for size or fish
passage, and replace priority culverts.  

• Install fish passages at known fish passage barriers that are caused by human influences.  

• Identify and protect high-quality floodplain vegetative communities, and restore
floodplain vegetation in priority lowland restoration areas.  

• Identify locations of channel modifications, dikes, and disturbances, especially along the
mainstem river.  

• Evaluate the risks and benefits of removing existing riprap along the river bank to
increase floodplain infiltration and improve wetland habitat connectedness.  

• Update and refine the roads layer. 
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• Develop an outreach program to encourage water conservation. 

• Identify water rights that are not currently in use and that may be available for in-stream
water rights through leasing or conversion.  

• Identify roads that have not been surveyed for current conditions and fill these data gaps,
including mapping road failures.  

• Map debris flows and landslides. 

• Where possible, conduct road restoration activities such as road reconstruction,
decommissioning, and obliteration.  

• Develop a systematic water quality monitoring program for areas with high priority for
restoration activity and develop the capacity within the watershed council to conduct
high quality, long-term water quality monitoring to document the success of restoration
activities.

• Locate and map potential sources of nitrogen, phosphorus, and bacteria in the watershed. 

• Educate the public about the historic function of the river and its floodplains.




