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PREFACE

This report is offered as a starting point for comprehensive, collaborative and informed
choices about future uses of Snohomish River Basin water resources. As a public resource,
water has many masters with different interests, purposes, legal rights and constituencies.
There is considerable information about this basin, but nothing links it into a composite picture.
Nor is there any forum to consider and resolve conflicting or competing interests.
The Snohomish River Basin Work Group formed in 1994 and included state, local and tribal
governments with interests in water supply, water quality, fisheries habitat restoration and
fisheries enhancement. It originally focused on preparing elected officials and citizens for
comprehensive, collaborative watershed planning. It selected Pentec Environmental, Inc. to
start developing a picture based on all known and available studies, data and information as of
August, 1996. Although the Work Group provided direction and guidance to Pentec regarding
the report’s scope of work, the conclusions presented here are solely those of Pentec.
The 1998 state legislature finally authorized watershed planning, but a proposed listing of
Puget Sound Chinook for protection under the Endangered Species Act during the session
added a new factor to the water supply, water quality, fisheries equation. This report, however,
is no less relevant to anyone interested in the goal of integrated water resource management.
The Work Group will continue to support elected and tribal officials toward this goal, and
expresses its appreciation for Pentec’s patience through several reviews. For this we give
special thanks to Roy Metzgar who managed this project, to Rhett Jackson who was the
principal author, and to Jon Houghton, Jeff Fisher, and Mike McDowell of Pentec, who also
contributed to the report.

Tom Dickson, Chair
Snohomish River Basin Work Group
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EXECUTIVE SUMMARY

BASIN OVERVIEW
2

The Snohomish River Basin, encompassing 1,780 mi , is the second largest river basin
draining to Puget Sound. The basin, depicted in Figure 1, includes three major rivers, the
Skykomish, the Snoqualmie, and the Snohomish. These rivers and their tributaries support a
large salmonid fishery including coho, chinook, chum, and pink salmon, and steelhead trout.
The Snohomish River Basin is a major source of municipal water supply for Everett, Southwest
Snohomish County, Seattle, Bellevue, other cities, and areas in King County.
Conditions of the streams and rivers of the Snohomish River Basin range from pristine to
moderately impacted to heavily impacted, reflecting the variety of land uses, including timber
production; urban, industrial, and rural residential; and agriculture. Primary impacts have
been caused by diking, channelization of flood-plain tributaries, riparian forest removal, woody
debris removal, construction of fish passage barriers, industrial discharges, log rafting, and
nonpoint source pollution.

With regard to some human activities, the basin is currently

recovering from historical impacts.

Rapid urbanization is the most detrimental change

occurring in the watershed now.

PURPOSE OF THIS REPORT
The Snohomish River Basin Conditions and Issues Report has been prepared to provide
basic information for understanding the Snohomish River Basin and its water and resource
issues. The report collates and presents mostly existing and some new information on water
quality, river conditions, fish habitat, land use, water demand, water availability, and flow
conditions in the Snohomish River Basin.

It also presents ideas for improving habitat

conditions and recommendations for gathering additional data. This report will serve as a
reference for addressing water and land management issues.
A central issue in the Snohomish River Basin is the potential conflict between increased
human water demand and the desire to maintain and enhance fish productivity. Reductions in
summer low flows detrimentally affect the production of certain salmonid species, specifically
coho, steelhead, and summer chinook; therefore, increased water withdrawals can reduce fish
productivity if they reduce summer low flows. This conflict is summarized well in a report
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published by the University of Washington on the effects of instream flow requirements on the
reliability of the Tolt River water supply system:
The process of establishing tradeoffs between the needs of water suppliers and the needs of
the biological population of a river or stream has been gaining attention in recent years as
the demands for potable water have steadily increased. The growth in out-of-stream uses of
water such as municipal water supply, water for energy, and water for agriculture, has led
to the need to develop measures to effect a compromise between these needs and the needs
of instream aquatic populations (Snyder et al. 1983).

FINDINGS
Fish Production and Habitat Conditions
The Snohomish River Basin supports large populations of anadromous (ocean-going)
salmonid species, including chinook, coho, pink, and chum salmon, and steelhead trout, Dolly
Varden, and sea-run cutthroat trout. On May 24, 1999, the National Marine Fisheries Service
(NMFS) formalized the listing of Puget Sound chinook salmon as threatened under the
Endangered Species Act (ESA). NMFS has designated the coho salmon as a candidate for
listing.

The US Fish and Wildlife Service (USFWS) listed bull trout in Puget Sound as

threatened, effective December 1, 1999.
Fish habitat, riparian, and flood-plain conditions on the Snoqualmie and Snohomish rivers
have been drastically altered from natural conditions by a century of agriculture and
transportation activities, including activities such as logging, farming, and diking.
In summary, the major human-caused conditions limiting freshwater production and
survival of salmonids are as follows:
1. Reduction of rearing and high-flow refuge habitat (relative to natural conditions) in side
channels, sloughs, abandoned oxbows connected to the main channels, and flood-plain
tributaries have resulted from channel alteration, diking, and construction of fish
passage barriers.
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2. A shortage of woody debris, shade, and cover in flood-plain tributaries and rivers has
resulted from loss of riparian forest. Woody debris creates pools, traps gravel, and
forms cover, all of which are beneficial to fish.
3. Fresh- and saltwater marsh habitat in the estuary have been reduced (70 percent of
historical saltmarsh area has been eliminated). Marshes and their distributary channels
provide food and rearing habitat for salmonid fry and smolts.
4. Cumulative effects of urbanization—including channel scouring by high flows,
reduction of low flows, riparian disturbance, and water quality contamination—have
greatly reduced fish populations in some small streams.

Water Use
The Snohomish River Basin has two large municipal water supply systems, more than 15
local water suppliers, and an uncounted number of domestic wells serving fewer than
8 residences each.
According to the Puget Sound Regional Council (1992), population within the Snohomish
River Basin is predicted to increase by approximately 53 percent, from 206,000 to 315,000, by
2020, and the total population for King, Pierce, and Snohomish counties is expected to increase
43 percent from 2.6 to 3.7 million. This population growth will increase water demand from
28.6 to 33.1 MGD for within-basin users. For regional water supplies provided by Seattle and
Everett the total projected demand is 20.8 MDG. The total projected increase in water demand
for 2020 is 51.6 MGD for basin-dependent suppliers.

Everett, Seattle, and some smaller,

independent water suppliers have developed and begun to implement conservation strategies
to reduce water use. Additionally, new water sources are being investigated, and in some
cases, water supply development plans are underway.
Because all of the water exported from the basin comes from the Sultan and Tolt river
reservoir systems, which are operated to release water in the summer and fulfill instream flow
requirements, the current reduction in summer flows in the larger rivers is either imperceptible
or enhanced by releases from the reservoirs. Within-basin consumptive use in the summer
accounts for about 12 percent of summer flow in the Snoqualmie River, 7 percent in the
Skykomish River, and 7 percent in the Snohomish River. The water budget analysis in this
report does not apply to small streams, however, and the combined effects of residential
December 17, 1999
00293\001\final\exsumm.doc

page iv

Executive Summary

3HQWHF

development and associated well withdrawals may have significant impacts on low flows in
small streams.

River and Stream Flows
Some fish populations of the Snohomish River Basin may be limited by natural low-flow
conditions in the summer. Fisheries research has shown that productivity of coho salmon tends
to be higher in years with relatively high summer flows and lower in years with relatively low
summer flows in smaller tributaries to the mainstem rivers (Smoker 1953, Neave 1948 and
1949). The young fry of this species must spend one or two summers living in freshwater
streams and rivers before moving out to sea. Their summer survival depends on flow adequate
to provide cool water and sufficient habitat area, and on other factors, such as cover and shade.
Flow-limiting conditions occur frequently in this basin because during the dry months of
August and September, groundwater flow often cannot provide enough water to fill the wide
channels created by large winter flows.
Current instream flow requirements for August and September exceed the 7-day low flow
in more than half the years with recorded flows. In other words, the natural flow regime often
does not provide sufficient flow in August and September to meet instream flow requirements
and to prevent some fry mortality. Water supply projects that reduce summer low flows will
have trouble meeting instream flow requirements unless storage is utilized. In this basin,
groundwater aquifers have some short- or long-term connectivity with surface waters, and
groundwater withdrawals will cause some reduction in summer flows.

Conjunctive use

systems may alleviate flow reductions from groundwater withdrawals.
In addition to water withdrawals, land development and logging can also affect low flows.
Land development reduces summer flows permanently by reducing recharge to groundwater
and increases stormwater runoff, which makes flood flows larger and more frequent. In rural
areas, residential development is supported by local well withdrawals, which can have
significant impacts on flows in small streams. Low flows in Quilceda and Allen creeks have
diminished due to past development, and small streams such as Dubuque, Star, Patterson,
Tuck, and Cherry creeks and the Raging River are at risk for summer low-flow reduction due to
future development. By reducing evapotranspiration, clearcutting usually increases summer
flows for a period of several years. Analysis of the Raging River gauge data indicates that
clearcut logging in the 1980s in this basin may have temporarily increased summer flows.
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Water Quality

Water quality in the Snohomish River Basin has been affected by unfiltered agricultural
runoff, stormwater runoff, riparian degradation, industrial discharge in the estuary, septic tank
effluent, and sewage treatment plant discharges.

The principal water quality problems

affecting fish are reduced dissolved oxygen and elevated summer temperatures. Generally,
water quality conditions in the basin are good except in specific locations like Marshlands,
French, Quilceda, Allen, and lower Patterson creeks.

OPPORTUNITIES FOR IMPROVEMENT OF FISH HABITAT CONDITIONS
Restoration Projects
There are many opportunities to improve fish productivity in the Snohomish River Basin
through restoration projects, aimed primarily at flood-plain habitat and secondarily at estuarine
habitat.
•

Establish forested riparian corridors and, where necessary, naturalize ditched channel
sections on the flood-plain sections of streams such as Cherry, Harris, and Patterson
creeks, and Haskel and Ebey sloughs. Forested riparian corridors would provide shade
and woody debris and filter agricultural runoff. In some cases, they would also shade
out pasture grasses that are clogging the channels.

In association with this effort,

livestock access to streams and rivers should be reduced.
•

Replace culverts and tide gates that block fish access to usable habitat.

•

Reconnect oxbow lakes with the main channel flow in the Snoqualmie Valley.

•

Breach dikes and re-create marsh habitat in the estuary. Several such projects have
already been conducted by Snohomish County, Port of Everett, Washington State
Department of Fish and Wildlife, and local diking districts.

•

Plant and maintain a forested buffer along the Snoqualmie and Snohomish rivers.
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Changes to Regulations

This report on basin conditions would not be complete without discussing known
inadequacies of current regulations for protecting existing fish habitat.

From a fish

productivity viewpoint, protection of existing habitat is as important as, if not more important
than, restoring badly degraded habitat. For example, stormwater regulations in Snohomish
County are insufficient to protect small streams with significant residential development, such
as Dubuque and Star creeks, from hydrologic impacts of new development. Snohomish County
should adopt a stormwater ordinance equivalent to the Department of Ecology’s Stormwater
Management Manual for the Puget Sound Basin. The City of Everett has recently done this.
The Skykomish Valley is the scene of serious land-use problems as new housing
developments are constructed within the channel migration zone of the river. Homeowners
must fight the river to maintain their property, and many homeowners have lost that fight. To
reduce further instances of these conflicts, Snohomish County should adopt the Skykomish
River Flood Hazard Reduction Plan.
The Washington Department of Natural Resources (DNR) should review the success of
riparian zones left by recent timber harvest activities on the south side of the Skykomish River.
Within the channel migration zone, the Skykomish River can easily erode 100 ft of bank in a
single flood episode, removing all of a riparian buffer. Based on a review, DNR may consider
requiring wider selective-cut buffers to ensure that riparian trees are maintained even when the
channel moves.

DATA GAPS
There are a number of areas where additional information would be helpful in evaluating
resource management issues in the basin, but only a few highlights will be mentioned here. To
help prioritize restoration efforts, a quantitative limiting factors analysis should be conducted
on a species-by-species basis, starting with chinook salmon. In addition, scientific surveys
should be conducted to assess juvenile salmon usage of mainstem habitat. Mainstem channels
should be surveyed to identify opportunities for off-channel habitat restoration. Water budget
and flow assessments should be conducted on several representative small stream systems to
estimate the magnitude of human-caused summer flow reductions in such streams.
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CONCLUSION

This assessment concludes that current water withdrawals have not had a perceptible or
significant effect on summer low flows in the larger rivers of the Snohomish River Basin, and
that current use of the basin’s water resources is quite low. With appropriate mitigation and
conjunctive use strategies, additional water supply systems can be developed without
significantly reducing fish productivity. If rural water distribution systems accompany new,
larger-scale water supply projects so that dispersed groundwater withdrawals can be reduced,
these new projects may benefit overall fish productivity by improving flow conditions in small
streams. Relative to water withdrawals, the more direct impacts of past, present, and future
land development and agriculture are of greater significance for fish in this basin. Many
opportunities exist to improve habitat and increase fish productivity by restoring some of the
habitat features destroyed by past activities.
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1.0 INTRODUCTION

This Snohomish River Basin Conditions and Issues Report collates and presents existing
information on water quality, river channel conditions, fish habitat, land use, water demand,
flow conditions, and water availability in the basin, and also presents strategies for fish habitat
improvement and future data gathering. This report will serve as a reference for addressing
water and land management issues in the basin.

1.1

THE SNOHOMISH WORK GROUP
Local, tribal, government, and state agencies have initiated a cooperative effort seeking

solutions to the difficult water issues facing the Snohomish River Basin and the metropolitan
Puget Sound area. By interlocal agreement, these governments and agencies have formed the
Snohomish River Basin Work Group. The Work Group is a planning and analysis committee
whose signatory members currently include the (See Appendix A for credits for this report to
1

Work Group members) Department of Ecology (Ecology ), King and Snohomish counties, The
Tulalip Tribes, the City of Everett, the City of Bellevue (on its own behalf and representing the
Suburban Cities Association), the City of Seattle, Snohomish County Public Utility District
(PUD) No. 1, the East King County Regional Water Association (EKCRWA), the Northshore
Utility District, and the Cross-Valley Water District. The Puget Sound Action Team was an
active participant also.

Other participants or observers include the King and Snohomish

County Conservation Districts, the US Forest Service (USFS), the US Environmental Protection
Agency (EPA), the National Marine Fisheries Service (NMFS), the Washington State
Department of Natural Resources (DNR), the Washington State Department of Health (DOH),
the Washington State Department of Fish and Wildlife (WDFW), and others.
The Snohomish Work Group’s mission statement defines its preliminary objectives as
follows:
•

Identify projected instream and out-of-stream water needs and how to meet them.

•

Identify water quality conditions and strategies needed for surface-water and
groundwater requirements, and for fish and wildlife habitat protection and restoration.
Recommendations for actions.

1

See Appendix B for list of all acronyms defined in this document.
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Identify strategies to protect, restore, and enhance the basin’s fish and wildlife habitat.
Recommendations for actions.

These objectives have been used to focus this report. The Snohomish Work Group chose to
follow the regional planning guidelines defined in the Chelan Agreement for watershed
planning:
•

Protect existing water rights recognized under state or federal law or Indian treaty.
•

Protect, restore, and enhance to the full productive capacity fish and wildlife
habitats, including instream, riparian, and wetland ecosystems.

•

Accommodate future instream and out-of-stream needs.

•

Encourage resolution of future conflicts without litigation.

•

Conserve and efficiently use water.

•

Strive to provide certainty and predictability of water use and needs, especially in
overallocated areas.

•
•

1.2

Provide water for human domestic, municipal, and industrial/commercial needs.

Strive to balance human and other resource needs.

SCOPE OF ANALYSIS
Watershed assessments and planning can take many forms, especially in an 1800-mi² basin

with many land uses and interests, such as the Snohomish River Basin. This section provides a
brief description of what information was reviewed and what assessments were conducted to
develop this report. Some rationale for the scope of analysis is also provided.
Many studies of the Snohomish River Basin have previously been conducted.

This

Snohomish River Basin Conditions and Issues Report is intended partly to collate and
synthesize information and data from them. The following studies served as the fundamental
building blocks for this report:
•

Initial watershed assessment, Water Resources Inventory Area 7, Snohomish River
Watershed. Prepared by Pacific Groundwater Group for Ecology. Open-File Technical
Report 95-06. March 17, 1995.
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Needs assessment for the Island/Snohomish Watershed. Fricke, L. 1995. Department
of Ecology. Report 95-63. June 1995.

•

Fish mapping workshop. Snohomish Work Group. Pentec. 1996.

•

East King County ground water management plan. DNR. 1996.

•

Draft geohydrology memorandum, Snohomish County groundwater management plan.
Golder and Associates. 1996.

These studies constitute only a small portion of the pertinent literature available regarding
the Snohomish River Basin. The bibliography for this report provides a comprehensive listing
of more than 300 studies related to this basin. More may exist. Also, since this report was
prepared more studies and reports have been completed on Snohomish River Basin resources.
The data, information, and analysis in more recent work may mean that some statements and
findings in this report now are outdated.
One of the reasons this report was developed was because these previous reports did not
provide sufficient current information to adequately characterize issues in the watershed.
Therefore, some additional data collection, analysis, and mapping were conducted.
Geographically, the new assessments were focused on the lower portions of the watershed and
did not include most of the forest production lands and federal lands. The area of focus is
outlined in Map 1. The additional assessments focused on the lower watershed area because it
is the most affected by human activities, and because water resource issues associated with
logging in this basin either have been or will be addressed by the state and/or federal
Watershed Analysis programs.
The new data collection and assessment efforts conducted for this report include the
following:
Riparian Mapping.

Using 1993 1:12,000 aerial photographs, riparian conditions were

mapped along perennial channels within the flood plains of the Snohomish, Snoqualmie, and
Skykomish rivers and along the lower Pilchuck River. Such analysis has not been conducted
before. Riparian mapping was not conducted in the forest production areas because state and
federal Watershed Analysis programs either already have or are expected to address such
analysis and develop prescriptions for riparian protection. Riparian mapping of suburban
streams would be useful, but was beyond the scope of this analysis.
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Assessment of Channel Conditions. Using King and Snohomish County Geographic
Information Systems (GIS) databases, dikes and revetments along the main channels were
mapped. Because it was considered likely that these databases were incomplete, canoe surveys
were conducted on a portion of the Snoqualmie and the Skykomish rivers to provide some
statistical estimation of the amount and types of channel modifications observed in the field. In
addition, channelization or devegetation of flood-plain tributaries was estimated from the
aerial photographs.
Estimation of Estuarine Slough Loss.

Modern and historic topographic maps were

reviewed to determine the maximum extent of estuarine sloughs. Where a dike has been
constructed across a slough, the length of slough above the dike was assumed to have been lost.
Estimation of Historical Extent of Estuarine and Flood-Plain Wetlands. Historical maps
were reviewed to determine the likely extent of estuarine and flood-plain wetlands prior to
draining and diking these wetlands.
Low-Flow Assessment. Flow records for rivers and streams in the basin were evaluated to
determine which records were of sufficient length and quality to analyze long-term trends.
Low-flow statistics were examined to identify past management effects on low flows and to
develop guidance for estimating low-flows in ungauged streams.
Existing and Future Population and Water Demand Estimates.

Regional population

estimates and water supply plans were evaluated to develop estimates of current and future
within-basin population, and to estimate current and future water demand both within and
outside of the basin.
Annual Water Budget. Using existing information on precipitation, evaporation, mean
annual flows, and water withdrawals, an annual water budget was developed for the basin.
Review of Groundwater Conditions. Recent studies by Snohomish County, King County,
the USGS, and private consultants on groundwater conditions in the watershed were reviewed
and summarized. New groundwater information was being collected during the analysis and
continues to be collected, however, so the groundwater information in this report may require
revision as new information becomes available.
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Review of Juvenile Salmonid Use of Estuary and Lower Mainstreams. Existing literature
on juvenile salmonid use of the estuary and lower mainstreams was reviewed because little is
known about this subject and about how management of mainstream channels affects fish
habitat. No field data were collected.
Qualitative Limiting Factors Assessment for Anadromous Salmonids. Information on
water quality, channel conditions, and fish distributions was evaluated with respect to
salmonid life history needs to develop a qualitative limiting factors assessment for fish stocks in
the basin. A quantitative assessment would require additional field data collection and a large
modeling effort.
From these new assessments and from information obtained from previous reports, new
maps were developed for the following subjects:
Map 1.

riparian conditions in the lower watershed

Map 2.

channel modifications in the Snohomish, Snoqualmie and Skykomish rivers

Map 3.

approximate basin land use

Map 4.

exceedances of water quality standards (for major rivers only)

Map 5.

water quality concern areas (for major rivers only)

Map 6.

high-priority fish habitat restoration areas.

Many watershed issues were either not addressed, or addressed only cursorily, in this
analysis. These issues include flooding, sediment transport, urbanization, land-use regulation
and zoning, log-rafting, and others. With limited time and money available to analyze the
watershed, the Work Group focused on the issues that are most relevant to water supply, water
quality, and fish habitat.
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2.0 BASIN DESCRIPTION

2.1

PHYSIOGRAPHY
The Snohomish River drains a 1,780-mi² area (Pacific Groundwater Group [PGG] 1995) that

consists of three distinct physiographic regions: the Skykomish River Basin, the Snoqualmie
River Basin, and the Snohomish River Valley.
The Skykomish River drains the northern 835 mi² of the Snohomish River Basin. Some
Skykomish tributaries begin high in the Cascade Mountains, such as glacially fed streams
draining Mount Hinman and Mount Daniel (Figure 2-1).

The upper Skykomish River is

confined by bedrock. The gradient of the mainstem Skykomish River is considerably greater
than that of either the mainstem Snohomish River or the mainstem Snoqualmie River
(Figure 2-2). The Skykomish River transports an annual bed load and suspended sediment load
of 21,000 cy/year (Collins and Dunne 1990).

However, the Skykomish River is

sediment-limited between Index and Startup, and thus it erodes terraces along the river.
Between Startup and Sultan the channel gradient decreases; as a result, sediment deposits in the
river and the channel is braided and very wide. From Sultan to Monroe, there is no net erosion
or deposition in the Skykomish River, indicating a sediment transport reach (i.e., sediment
supply and transport are in balance). There are many dikes in this section of river that may
artificially alter the sediment transport regime. Between Monroe and the confluence with the
Snoqualmie River, the Skykomish River deposits much of its sediment load. This stretch of the
Skykomish River is unstable and is marked by frequent channel changes (Collins and Dunne
1990).
Because of its relatively steep gradient and high sediment load, the Skykomish River
features large amounts of excellent spawning habitat for chinook and steelhead. In addition,
rearing and refuge habitat is formed by the river’s many side channels and alcoves. Because
the river is very powerful, woody debris effectively creates habitat only by forming debris jams.
Because of its wide active channel and high sediment load, habitat conditions are strongly
influenced by summer flows; significantly more habitat is available in side channels and
backwaters during higher summer flows.
The Snoqualmie River drains the southern 703 mi² of the Snohomish River Basin. The major
tributaries and branches of the Snoqualmie River also begin high in the Cascade Mountains, but
none of these streams is fed by glaciers.
December 17, 1999
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Snoqualmie River gradient profile from Skykomish River confluence to east of Snoqualmie
Falls (gradient of and below Snoqualmie Falls not shown).

December 17, 1999
00293\001\final\chap2.doc

page 2-3

3HQWHF

Chapter 2. Basin Description

relatively unconfined, alluvial flood plain that is divided into two segments by a major bedrock
protrusion at Snoqualmie Falls.

The Snoqualmie River below the falls is a low-gradient,

partially confined, meandering river. Above the falls, the Snoqualmie River is also partially
confined, but the stream gradient is much greater (Figure 2-3).
The Snoqualmie River transports very little gravel (Collins and Dunne 1990, Booth et al.
1991). Most of the Snoqualmie River’s bed load is trapped above Snoqualmie Falls (Booth et al.
1991). Sediment deposition is concentrated in the South Fork Snoqualmie River and in the
mainstem Snoqualmie River below the North and Middle Fork confluence. Below Snoqualmie
Falls, sediment deposition in the Snoqualmie River is concentrated above tributaries such as the
Raging and Tolt rivers (Booth et al. 1991).

The effect of the tributary channels on the

Snoqualmie River is most evident at Carnation, because the river’s gradient increases
significantly just downstream of the Tolt River confluence due to the large amount of sediment
delivered by the Tolt River that has built up the flood plain in this area (Figure 2-3).
Because of its low gradient and limited areas of gravel, the lower Snoqualmie River (below
the falls) is naturally limited in terms of salmon spawning habitat. Mainstem spawning occurs
in only a few locations: the gravel riffles below the Tolt River, a section of channel near Fall
City, and a section of channel below Snoqualmie Falls. Chinook spawning is concentrated in
these areas and in the lower Raging and Tolt rivers, but during low-flow years these tributaries
are utilized little. Most coho and steelhead spawning occurs in the tributary rivers and streams.
Many abandoned oxbows of the Snoqualmie River indicate that the river migrated across its
flood plain. Analysis of historical aerial photographs, however, has shown that the Snoqualmie
has been very stable for the last 50 years (Booth et al. 1991). This stability may result in part
from bank-hardening efforts designed to protect agricultural land from bank erosion, but more
likely it is from the historical removal of logjams and the lack of large woody debris
recruitment. Accumulations of woody debris may have been the principal agent for initiating
channel changes, prior to human intervention.
The Snohomish River, draining 342 mi², flows through the lower 21 miles of the basin and
can be divided into delta and flood-plain reaches. The Snohomish River delta, located between
Ebey Slough and Possession Sound, is tidally influenced.

The flood-plain reach of the

Snohomish River is located between the confluence of the Skykomish and Snoqualmie rivers
and Ebey Slough. Hydraulics in this reach are tidally influenced upriver to the confluence with
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Pilchuck River at Snohomish. Both the delta and flood-plain reaches of the Snohomish River
have low and relatively consistent gradients; however, the river gradient increases near the
confluence of the Skykomish and Snoqualmie rivers (Figure 2-3) where sediment from the
Skykomish River is deposited. In general, the Snohomish River is an unconfined river with
tortuous meanders on the flood plain.
The upper Snohomish River, below the confluence of the Skykomish and Snoqualmie
rivers, features gravel bars, gravel riffles, deep pools, side channels, and backwater eddies, and
it provides excellent fish habitat. When the gradient decreases just upstream of Snohomish, the
river becomes much quieter and develops a channel bottom composed of sands and silts. This
section of the channel has been highly impacted by diking and farming, and it currently serves
mainly as a transport corridor between the estuary and the rivers above.

2.2

CLIMATE
The Snohomish River Basin has a temperate marine climate with cool, wet winters and

warm, dry summers.

The Snohomish River Basin receives between 35 and 180 inches of

precipitation per year, and average annual precipitation is estimated to be 87 inches per year.
Precipitation is strongly influenced by the Cascade Mountain front and therefore is not evenly
distributed (Figure 2-4). The lowest annual precipitation occurs near Possession Sound and is
dominated by rain. The greatest annual precipitation falls as snow near Mount Hinman and
Mount Daniel (Figure 2-5; Nelson 1971).

2.3

SEASONAL FLOW REGIME
Because a large portion of the Snohomish River Basin drains high-elevation areas of the

Cascade Mountains, spring and early summer snowmelt strongly influence streamflow
patterns in the basin. As shown in Figures 2-6a through 2-6c, all of the major rivers draining
high-elevation lands, including the mainstem Skykomish, Snoqualmie, and Snohomish rivers,
feature two distinct periods of high monthly flows: The months of November, December, and
January feature very high streamflows due to winter rainfall; the months of May and June
feature high monthly flows due to snowmelt at high elevations. The mountain snowpack plays
a strong role in controlling summer flow conditions. The low-flow month at almost all gauges
in the basin is August because most of the snow has melted and, usually, very little rain falls in
July and August.
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Figure 2-4 Snohomish River Basin, showing mean annual precipitation during the period 1930 to 1957.
After Nelson 1971; adapted from Phillips 1966.
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Figure 2-5 Environments of winter precipitation. After Nelson 1971.
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Figure 2-6a

Mean monthly stream discharge, lower Snohomish River Basin.
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Figure 2-6b

Mean monthly stream discharge, upper Snohomish River Basin.
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Figure 2-6c

December 17, 1999
00293\001\final\chap2.doc

Mean monthly stream discharge, major Snoqualmie River tributaries.

page 2-8

Chapter 2. Basin Description

3HQWHF

Low-elevation basins, such as that of the Raging River and the small lowland streams, do
not benefit from a winter snowpack, and their flows feature no springtime increase. Monthly
flows in low-elevation basins increase from September through January and then decrease to
the low point in August.

2.4

GEOLOGY
The geologic history of the Snohomish River Basin is complex but can be simplified by

dividing the basin into bedrock and glacial units. These broad geologic divisions can be seen in
the generalized soils map compiled by Nelson (1971) (Figure 2-7).

2.4.1 Bedrock Geology
In general, the Cascade Mountains in the Snohomish River Basin are underlain by granite,
granodiorite, tonalite, intrusive igneous rocks 5 to 40 million years old, and small amounts of
andesite and basalt volcanic rocks 5 to 30 million years old. The igneous rocks intrude, and the
volcanic rocks cover older (greater than 40-million-year-old) sedimentary and metamorphic
rocks.
In the Snohomish River Basin the bedrock units are covered by thin soils (Nelson 1971,
Goldin 1973, Debose and Klungland 1983, Goldin 1992) and do not contain significant fracture
systems (Turney et al. 1995). Thin soil over bedrock means that rain and snowmelt are not
retained in the mountains but are transmitted to the stream system rapidly. Rain and snowmelt
also do not infiltrate deeply because the bedrock lacks extensive fracture networks. Therefore,
bedrock is not an important source of runoff control and groundwater storage (Turney et al.
1995).

2.4.2 Glacial Geology
Continental and alpine glaciation during the past 2 million years sculpted much of the
topography in the Snohomish River Basin. Alpine glaciers carved the deep U-shaped valleys of
the Skykomish, Tolt, and Upper Snoqualmie rivers. Continental glaciation blanketed the Puget
Lowland in a thick sequence of glacial deposits and carved a deep, fjord-like trough below the
mainstem Snoqualmie River (Turney et al. 1995). This trough is thought to be more than
1,000 ft deep (Newcomb 1952) and is filled with both glacial and interglacial sediments. Only

December 17, 1999
00293\001\final\chap2.doc

page 2-9

plate11.FH5

Figure 2-7 Generalized soil types in the Snohomish River Basin. After Nelson 1971.
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the bedrock outcrop at Snoqualmie Falls interrupts this continuous sediment-filled trough.
The Puget Lobe of the Cordilleran Ice Sheet advanced and retreated several times across the
Snohomish River Basin between 1.6 million years ago and 13.5 thousand years ago (Mackin
1941, Armstrong et al. 1965, Clague et al. 1980, Blunt et al. 1987, Booth 1987). This pattern of
glacial advance and retreat is well-recorded in the sediments filling the Snoqualmie River
Valley; however, only deposits from the last interglacial period and the last advance of the
Puget Lobe of the Cordilleran Ice Sheet are well-documented. The interglacial deposits are
referred to as the Olympia gravels. The last glacial advance of the Fraser glaciation, known as
the Vashon Stade, deposited the Vashon advance outwash, the Vashon till, and the Vashon
recessional outwash. The Olympia gravels and the Vashon advance outwash are frequently
separated by the fine-grained sediment laid down in a large proglacial lake that formed ahead
of the advancing Puget Lobe of the Cordilleran Ice Sheet.
The Olympia gravels and the Vashon advance- and recessional-outwash deposits are the
most productive aquifers in the Snohomish River Basin. The fine-grained lacustrine sediments
and glacial tills that separate these aquifer units are relatively impermeable and act as
aquitards. More detailed discussion of groundwater and geologic relationships are presented
in Chapter 5, Groundwater.

2.5

CURRENT AND HISTORIC LAND AND WATER USE
Land uses in the Snohomish River Basin are strongly associated with physical geographic

features.

Private and federal forest lands and Federal Wilderness Areas in the Cascade

Mountains and foothills constitute 74 percent of the basin area. Agricultural lands dominate
the flat flood plains of the Snoqualmie and Snohomish rivers and account for about 5 percent of
the basin area. Rural residential development is scattered throughout the flood plains and
surrounding plateaus. Urban lands are concentrated in Everett and Marysville at the mouth of
the basin, and in small cities located along the rivers up to the Cascade Mountains. Land uses
are summarized in Figure 2-8 and Table 2-1; approximate land-use distribution is portrayed on
Map 1, Base Map and General Land Use.
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Rural Residential
17%

Cities/Urban
Residential Agriculture
4%
5%

Commercial and
Industrial
1%

Forest
73%

Figure 2-8

Snohomish River Basin approximate land use.

Each land use has water quality impacts (see Chapter 4, Water Quality). Several sewage
treatment plants are located in the basin that discharge treated municipal wastewater into the
river system. Industrial discharges occur in the Everett area but are rare above the lower
Snohomish River. Other water quality and channel-condition modifications associated with
human land uses are discussed in Chapter 7, Fish Habitat Conditions.
The land-use coverage has been approximated from two sources of data that are not entirely
compatible: current land-use data for King County based on interpretation of recent satellite
images and future land-use data for Snohomish County based on the County’s Growth
Management Plan (due to lack of current land-use statistics). These two different data sets are
sufficient for broad categorization of land usage.
Table 2-1

Snohomish River Basin approximate land-use distribution.

Land use
Agriculture
Forest
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Square miles

4.51%

79.65

74.12%
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Table 2-1

(continued).

Land use

Percentage of basin

Commercial and industrial

Square miles

0.64%

11.23

Rural residential

17.11%

301.81

Urban residential

1.80%

31.82

Cities and towns

1.57%

27.61

Unknown

0.25%

4.43

100.00%

1,764.24

Sum

Another human activity associated with the Snohomish River system is hydropower
generation. The Federal Energy Regulatory Commission (FERC) has granted 13 hydropower
licenses (Table 2-2) within the basin, but not all are operational. Three of these projects are
large: Snoqualmie Falls, South Fork Tolt, and Henry M. Jackson on the Sultan River.
Table 2-2

Hydropower licenses in the Snohomish River Basin.
License
exp. date

Project name

FERC no.

County Stream

Operator

Snoqualmie Falls No 1

02493A06

King

Snoqualmie R

Puget Sound Power &
Light Co.

12/31/2093

Snoqualmie Falls No 2

02493B06

King

Snoqualmie R

Puget Sound Power &
Light Co.

12/31/2093

Black Creek

06221-35

King

Black Cr

Black Creek Hydro, Inc.

6/30/2038

Weeks Falls

07563-13

King

Snoqualmie, S Fk

South Fork II Associates

3/31/2035

Tolt River – South Fork 02959-62

King

Tolt R, S Fk

City of Seattle

2/29/2024

Martin Creek

10942-01

King

Martin Cr

Skykomish River Hydro
Inc.

Woods Creek

03602-02

Snoh

Woods Cr, E Fk

Woods Creek Inc.

Henry M. Jackson
(Sultan River)

02157-18

Snoh

Sultan R

Snohomish County PUD
No 1

5/31/2011

Youngs Creek

10359-18

Snoh

Youngs Cr

Snoqualmie River Hydro

4/30/2042
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Human use of the Snohomish River Basin is not new and many of the habitat impacts in the
basin are not recent. The flood plains and rivers of the Snohomish River Basin have been
occupied and utilized by non-native Americans for over 100 years. Records from the late 1800s
show that woody debris was removed from the river to improve navigation and significant
quantities of salmon were harvested from the river. The mainstem rivers were used for moving
logs and crops to Port Gardner starting about 1890. Maps of the western portion of the basin
(from 1921) show the cities of the Snoqualmie and Snohomish valleys and agricultural
development on the flood plains. Aerial photographs of the estuary in the 1950s reveal far
more widespread log rafting and processing than occurs today, and show more river-adjacent
industries in operation.

With regard to some (but not all) human activities, the basin is

currently recovering from past impacts.

2.6

TERRESTRIAL ECOLOGY AND WILDLIFE
The Snohomish River Basin provides a variety of water-related habitats. For instance, the

Snohomish River estuary is a complex of at least six major habitat types, including eelgrass
beds, mudflats, salt and brackish wetlands, freshwater marshes, riverine wetlands, and
agricultural and undeveloped lands adjacent to the river and wetland complexes. The broad
flood plains of the lower Snoqualmie, Snohomish, and lower Skykomish rivers include riverine
wetlands and isolated oxbow lakes and wetlands. Prior to development, most of the flood
plains supported riparian forests and thickets as well as sedge and grass meadows and
occasional prairies. The river valleys extend deep into the Cascade Mountains, providing
low-elevation, big-game winter habitat in close proximity to mountain summer habitat.
Wetland and riparian systems occur throughout the lowland and mountain regions.
Eelgrass beds in the lower estuary are important foraging habitat for brandt and other
herbivorous waterfowl. In addition, the eelgrass and rocks and pilings in the subtidal and
intertidal regions support mollusks and crustaceans that, in turn, support scoters, scaup, and
harlequin ducks. Salmon and other fish that rear in the eelgrass are important forage for
mergansers, terns, great blue herons, eagles, osprey, river otters, harbor seals, sea lions, and
orcas. Eelgrass beds are most heavily used by waterfowl and eagles in the winter, but are also
important during spring and fall migration.

Migratory osprey and resident eagles take

advantage of available prey during the spring and summer nesting and rearing seasons.
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Mudflats support rich assemblages of worms, crustaceans, and mollusks that are important
forage for migrating shorebirds and summering great blue herons and gray whales. Mudflats
support significant winter shorebird populations, but they are most important as resting and
feeding stopovers for thousands of migrating shorebirds. Peregrine falcons and merlins exploit
the abundance of wintering and migrating birds.
Saltmarshes and brackish wetlands fringe the river channels within the range of tidal
influence.

Saltmarshes contribute significantly to the productivity of eelgrass beds and

mudflats by exporting sediments and organic nutrients. Brackish and freshwater wetlands are
important nesting habitat for waterfowl. However, the Snohomish estuary has become much
less important as a waterfowl breeding area since many of the freshwater and brackish
wetlands have been diked and drained for agriculture. It has been estimated that breeding
productivity declined by a factor of 10 in the marshland region alone. The Snohomish estuary
has therefore become more important for waterfowl as wintering habitat than as breeding
habitat.
The low elevation, gentle topography, proximity to water, and abundant forage furnished
by river valleys and riparian forests makes them important winter range for black-tailed deer
and elk. Native elk are nonexistent in the Snohomish River Basin, although a herd in the
Middle Fork of the Snoqualmie River developed naturally following dispersal from the
introduced Rocky Mountain elk population in the Cedar River Basin. It is likely that native
Roosevelt elk occupied the Puget Trough and the western slopes of the Cascades at least
through the middle of the 19th century. These elk, like the Middle Fork elk today, were
probably concentrated in the riparian zones of the larger rivers, at least in winter. In addition
to providing favorable topography, the constant shifting of the rivers’ meanders ensures
continual development of the early successional sedge meadows and brushy margins that are
preferred foraging habitats for elk and deer, respectively. In addition, river courses are often
used as movement corridors by large mammals, including deer, elk, coyote, bear, and cougar.
The existing and proposed reservoirs and surface-water diversions can have several major
impacts on wildlife and fish habitat. Reservoirs inundate the river course upstream of the dam
and permanently remove riparian habitat, including permanent small game and upland bird
habitat, and critical big game winter habitat. If manipulated with regular seeding of drawdown
areas, however, substantial amounts of forage can be produced for large game. Dams also
regulate flow, which can alter the development of riparian habitats both downstream and

December 17, 1999
00293\001\final\chap2.doc

page 2-15

Chapter 2. Basin Description

3HQWHF

upstream of the dam. In particular, changes in the disturbance regime are likely to inhibit the
development of early successional forb and shrub communities adjacent to the river channel.
Diversion projects lower water tables and reduce flow in river and stream channels. This can
decrease the amount of summer stream habitat and can also reduce the water available in
wetlands. Altered hydraulic regimes can change the composition of riparian and wetland
vegetation. In general, the loss of riparian and wetland vegetation reduces the overall diversity
of wildlife habitat, and this, in turn, will be reflected in the reduced species diversity of animal
populations using these zones.
Reservoirs can also increase available habitat for certain species.

Reservoirs that are

well-stocked with native or introduced fish can support breeding osprey and bald eagles if nest
structures are available. Osprey in particular can be successfully induced to nest if artificial
platforms are provided. Breeding waterfowl have been shown to benefit from reservoirs where
water levels are seasonally flooded during the spring and summer. The elevated water depths
during these instances have been shown to improve habitat quality by increasing forage
availability of high-protein insect foods during critical periods of oogenesis (Swanson 1981).
Common loons can also take advantage of reservoirs. Loons are quite rare in Washington, yet
they have consistently nested successfully on Chester Morse reservoir in the Cedar River
watershed and on the Diablo Reservoir in the Skagit Basin. They have successfully nested at
least once on the Tolt Reservoir and may also nest on the Spada Lake reservoir. Because loons
nest at the water line, however, they are extremely susceptible to the water-level changes that
are characteristic of reservoirs. Artificial floating nest platforms are critical to the success of the
Chester Morse loons, and careful water-level controls are necessary to allow the Tolt loons to
fledge chicks.
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3.0 URBANIZATION

3.1

INTRODUCTION
This chapter provides an overview of the observed effects of urbanization on Puget Sound

lowland streams in order to illuminate current and potential problems facing urbanizing
subbasins in the Snohomish River Basin (estimates of population growth are summarized in
Chapter 8). Because the surficial glacial geology, topography, and climate are fairly uniform in
the Puget Sound region, it is appropriate to extrapolate the results of urbanization studies from
elsewhere in King and Snohomish counties to subbasins within the Snohomish Basin. There is
a large body of local and national literature on the subject of urbanization impacts on aquatic
systems, and the results of these many studies are surprisingly consistent.

The only

subbasin-specific studies of urbanization within the Snohomish River Basin are basin plans
developed by Snohomish County for Quilceda, Allen, and French creeks.
Urbanization affects streams and aquatic systems in the following ways: by increasing peak
flow rates and durations, by introducing pollutants into surface waters, by eliminating forested
riparian vegetation, by directly disturbing channel structure, by reducing groundwater
recharge, and sometimes by reducing low flows in streams. These effects are all inter-related in
complex ways. Higher flows increase channel and bank erosion while riparian forest removal
reduces the resistance of banks to erosion and reduces natural filtration of pollutants from
adjoining land uses. Together these impacts reduce the quality and quantity of aquatic habitat
and impair water quality for all beneficial uses. This section will discuss each of these issues
briefly, although only in a cursory fashion.
The information in this chapter borrows liberally from the following two recent papers on
the subject:
•

Booth, D.B. and C.R. Jackson. 1997. Urbanization of aquatic systems - degradation
thresholds, stormwater detention and the limits of mitigation. Journal of the American
Water Resources Association 33(5): 1077-1090.

•

Cooper, C. et al. 1997. Assessment of cumulative effects of urbanization on small
streams in the Puget Sound Lowland Ecoregion: a summary report of the stream quality
indices project.

Washington Water Resource, a publication of the University of

Washington Center for Urban Water Resources Management. 8:1.
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Booth and Jackson (1997) conclude the following: “Urbanization of a watershed degrades
both the form and the function of the downstream aquatic system, causing changes that can
occur rapidly and are very difficult to avoid or correct. A variety of physical data from lowland
streams in western Washington show a remarkably clear and consistent threshold of
demonstrable and readily observable aquatic-system degradation, occurring at approximately
ten percent effective impervious area in a watershed.” These observations of urbanization’s
effects, however, are from basins where most of the development occurred prior to critical or
sensitive area requirements, modern (post-1990) detention requirements, and basin planning.
With appropriate mitigations and zoning, aquatic systems could be kept healthy at a higher
level of development, although the current information base does not allow a precise prediction
of the acceptable amount of development.

3.2

EFFECTS OF URBANIZATION

3.2.1 Hydrologic Change
Urban development imposes a variety of watershed changes that profoundly affect runoff
processes and the downstream surface-water aquatic system. Attention is generally given to
the channel changes: The stream channel itself is the object of interest and also, typically, the
focus of any subsequent restoration or rehabilitation efforts. Yet the stream channel, commonly
draining up to many square kilometers, is largely a product of its upland watershed. The net
effect of upland changes, occurring across the land surface of the contributing headwater
catchments, is at least as important in determining overall stream function, degradation, and
rehabilitation potential (see also National Research Council 1992). To understand the effects of
development, both areas, upland and riparian, must be considered in turn.
Modifications of the land surface during urbanization produce changes in both the type and
magnitude of runoff processes. These changes result from vegetation clearing, soil compaction,
ditching and draining, and, finally, covering the land with impervious roofs and roads. The
infiltration capacity of these covered areas is lowered to zero, and much of the remaining
soil-covered area is trampled to a near-impervious state. Compacted, stripped, or paved-over
soil has lower storage volumes, and so even if precipitation can infiltrate, the soil reaches
surface saturation more rapidly and more frequently.
1

1

Thus, Horton overland flow or

Horton overland flow is surface runoff that occurs when rainfall intensities exceed the infiltration rate
of the soil or ground surface. Paved surfaces always produce Horton overland flow.
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saturation overland flow is introduced into areas that formerly may have generated runoff only
by subsurface flow processes, particularly in humid areas of generally low-intensity rainfall
such as the Pacific Northwest.
Besides changing the hydrologic flow regime, urbanization affects other elements of the
drainage system. Gutters, drains, and storm sewers are laid in urbanized areas to convey
runoff rapidly to stream channels. Natural channels are often cleaned of woody debris, and
straightened or deepened to make them hydraulically smoother.

Each of these changes

increases the efficiency of the channel, transmitting the flood wave downstream and with less
retardation by the channel. In total, direct measurements and hydrologic simulation models
demonstrate several related consequences: For any given intensity and duration of rainfall, the
peak discharge is greater (by factors of 2 to 5; Hollis 1975), the duration of any given flow
magnitude is longer (by factors of 5 to 10; Barker et al., 1991), and the frequency with which
sediment-transporting and habitat-disturbing flows move down the channel is increased
dramatically (Figure 3-1; from Booth and Jackson 1997) (by factors of 10 or more; Booth 1991,
Booth and Fuerstenberg 1994).
Changes in upland runoff processes, particularly from a predominantly subsurface flow
regime to a predominantly surface flow regime, also alter the delivery of sediment to the stream
network. With overland flow, fine sediment is moved into channels throughout the year, and
the predominant grain-size distribution in channels can shift to much finer fractions (e.g.,
Wolman and Schick 1967, Carling 1984, Jobson and Carey 1989) with attendant changes in
stream ecology (recognized as early as Ellis 1936; also Hawkins et al. 1982, Culp et al. 1986,
Chapman 1988, Naiman et al. 1992, Weaver and Garman 1994).
Covering of the land surface with impervious surfaces and lawns reduces recharge to
groundwater, which reduces summer low flows. This effect can be exacerbated by elimination
of natural storage features such as wetlands. Urbanization, therefore, can worsen the summer
low-flow situation. This is not always the case, however. On a subbasin scale, low-flow effects
of urbanization can be complicated by importation of water for irrigation from out-of-basin or
by infiltration losses from water supply and wastewater pipes. Irrigation water imported into a
subbasin may offset recharge losses from impervious surfaces. Assessment of low-flow effects
requires analysis of basin-specific data. Although no vigorous field studies of low-flow effects
of urbanization in the Puget Sound area exist, Swamp Creek provides a graphic example of a
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Figure 3-1

14.2-km2

One year of simulated streamflow from a
watershed under
identical rainfall but differing land uses. Parameters characterize the
1985 land cover (6 percent effective impervious area [EIA], the
impervious surfaces with direct hydraulic connection to the stream
system) and projected future land cover (29 percent EIA).
(From Booth and Jackson 1997.)
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stream in which much of the channel has changed from perennially flowing to ephemeral as a
result of basin urbanization

3.2.2 Water Quality Effects
Residential and commercial development involves clearing and grading of land; replacing
forest land with paved driving surfaces, rooftops, lawns, or landscaped areas; constructing of
wastewater conveyance or treatment systems; and increasing the hydraulic efficiency of the
conveyance system. Each of these activities or resulting surfaces has significant water quality
impacts. The net water quality result of residential and commercial development is to increase
the loading of nutrients, fine sediments, oils and greases, metals, bacteria, and some toxic
organics (including pesticides and herbicides) to surface waters.
A major immediate water quality impact of urbanization is the release of fine sediments and
nutrients during land clearing and grading. Both Snohomish and King counties have grading
ordinances that require temporary erosion and sediment control during construction, but these
measures require constant monitoring and maintenance to be effective, and it is common for
sediment-laden runoff to enter the natural drainage system from construction projects.
Road and parking-lot runoff commonly contains fine sediments, oils, greases and fuels from
vehicles, metals, and sometimes solvents and organics (from improper disposal into the storm
drain system). Runoff from landscaped areas commonly contains nutrients from excessive
fertilization, and from pesticides and herbicides. Pets and livestock on noncommercial farms
also contribute to bacterial loads in streams as do leaking septic tanks or sewers. Normal,
everyday residential activities like painting houses, washing cars, flea-dipping pets, and
changing the oil in one’s car all have potentially serious water quality effects, especially when
considered cumulatively.

3.2.3 Structural Effects
Forested riparian areas provide important functions for fish-bearing streams, including (1)
stabilizing streambanks, (2) filtering pollutants from adjacent lands, (3) maintaining a cool
microclimate that reduces water temperatures, and (4) providing woody debris that improves
habitat (Johnson and Ryba 1992). Before development of critical or sensitive areas ordinances
in King and Snohomish counties, riparian forests were usually eliminated in residential areas,
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and landscaping was extended to the stream edge. In addition, residents often pulled woody
debris from streams to improve hydraulic conveyance. Dumping of trash or yard waste in
streams was not uncommon. As a result, stream habitat conditions are degraded in many areas
of residential development. Where riparian buffers have been required and installed in new
developments, riparian impacts are far less severe.

However, subsequent monitoring,

protective activities, and enforcement are essential for buffer effectiveness. Maintaining upland
and riparian cover increases the biological integrity of urbanizing streams, as shown in
Figure 3-2 (Steedman 1988).
As a result of hydrologic and riparian changes, channel widths and depths increase
throughout urban areas (Hammer 1972, Leopold 1973) and heterogeneous channel morphology
becomes more simplified and uniform.

Most commonly, channels expand gradually in

response to progressive increases in the flow regime (Figure 3-3; from Booth and Jackson 1997).
However, they can also experience rapid and uncontrolled incision of the stream bed, usually
in response to an increase in the flow rate combined with specific combinations of gradient,
substrate, and reduced in-channel vegetation (Heede 1985; Booth 1990).

Anadromous

salmonids depend on a particular range of flows of water, sediment, and wood, and
urbanization alters those flows in directions that do not favor salmonids (Booth and
Fuerstenberg 1994; Luchetti and Fuerstenberg 1993).

3.3

AQUATIC SYSTEM IMPACTS
Correlations between development and aquatic system conditions have been investigated

for nearly two decades with consistent results. Klein (1979) published the first such study, in
which he reported a rapid decline in biotic diversity where watershed imperviousness
exceeded 10 percent. All of the changes described in the previous sections are detrimental to
anadromous fish survival.

As channel substrates become finer and more mobile, benthic

invertebrate production drops, meaning there is less food for fish. As the frequency of bed
disturbance increases, redd survival for anadromous fish is reduced.

For example, the

hydrologic, structural, and water quality changes described above increase, conditions become
less suitable for coho, and cutthroat become relatively more competitive.

Luchetti and

Fuerstenberg (1993) showed that the ratio of cutthroat trout juveniles to coho juveniles
increased with increasing basin development. Cooper et al. (1997) used the Benthic Index of
Biotic Integrity (B-IBI) of Kleindl (1995) and Karr (1991) to show that the biological integrity of
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Figure 3-2

Data illustrating how maintaining upland and riparian cover increases
the biological integrity of urbanized streams. IBI = index of biotic
integrity; plot numbers correspond to different watersheds.
(From Steedman 1988.)
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Figure 3-3

Observed stable (“O”) and unstable (“X”) channels, plotted by percent EIA
in the upstream watershed (horizontal scale) and ratio of modeled 10-year
forested and 2-year current (i.e., urbanized) discharges (vertical scale).
Apparent thresholds relating channel stability with either 10 percent EIA
or Q2-cur = Q10-for are consistently met except for the few catchments
containing large lakes. (From Booth and Jackson 1997.)
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Figure 3-4 B-IBI and the coho cutthroat ratio to basin urbanization. (From Cooper et al. 1997.)
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streams is diminished with increasing urbanization. Figure 3-4, from Cooper et al. (1997),
shows the relationship of B-IBI and the coho/cutthroat ratio to basin urbanization.
Swamp Creek and North Creek, both in the adjacent Lake Washington Basin, are examples
of streams that once featured very good coho habitat and high coho productivity, and now
produce very few anadromous fish due to habitat destruction by urbanization.

3.4

MITIGATIONS
Research has shown that the cumulative impacts of urbanization to aquatic ecosystems can

be devastating, but appropriate mitigation can increase the resilience of aquatic systems to
basin urbanization (Booth and Jackson 1997). The effects of urbanization are reduced when
effective construction sediment controls, stormwater detention, and water quality treatment are
applied to new developments; natural storage features such as wetlands and flood plains are
maintained; adequate riparian buffers are left on streams and wetlands; impervious surfaces
are limited in extent; and citizens are educated about water quality protection through such
programs as storm-drain stenciling.

3.5

STREAMS OF CONCERN
Every fish-bearing stream in the Snohomish River Basin with a zoning potential for more

than 10 percent effective impervious surface is at risk for urbanization effects. These include
many streams with high coho productivity.

The primary difference between streams of

concern is in the amount of impact already experienced. Table 3-1 lists the streams impacted by
urbanization effects; these streams are grouped in the table by current level of impact. This
information is based only on field reconnaissance and on the water quality data presented in
the following chapter.
Table 3-1

Snohomish River Basin streams threatened by urbanization.

Current level of impact

River basin streams

Eliminated

Blackman’s Lake outlet stream (known as
Ferguson, Blacklands, or Swifty Creek)

Heavily impacted

Quilceda Creek
Allen Creek
French Creek
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Table 3-1

(continued).

Current level of impact

River basin streams

Impacted moderately (but still maintaining decent
habitat)

Dubuque Creek
Star Creek
Pilchuck River
Woods Creek
Ames Creek
Cherry Creek*
Patterson Creek
Raging River

Threatened

Wallace River
Harris Creek

*

Mostly impacted by riparian destruction during past agricultural activities.
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4.0 WATER QUALITY

4.1

INTRODUCTION

Previous studies of water quality in the Snohomish River Basin have been reviewed to
identify water quality problems and the sources of water quality contamination. Water quality
in the Snohomish Basin is generally good, although there are areas of concern usually related to
nonpoint runoff from urban areas, residential areas, and commercial and noncommercial farms.
Point discharges currently are not a major problem, although sediments in the estuary
contaminated by past industrial discharges pose a continuing water quality problem. Summer
water temperatures are a concern for fish health in some areas, and temperature problems may
be worsened by lack of riparian forests.
No new water quality information was collected for this report. Data from the reports listed
below are the basis of this chapter. In addition, the basin plans for Quilceda and Allen creeks
have been reviewed but not listed separately because their water quality data are included in
the Snohomish County summary report. No other urban or suburban basin plans have been
completed in the Snohomish River Basin, although Snohomish County is preparing a basin
plan for the French Creek Basin.
•

Ecology; Butkus, S., author. 1997. Impaired and threatened surface waters requiring
additional pollution controls, proposed 1998 Section 303(d) list. Ecology Publication
97-14, Olympia.

•

Thornburgh, K. et al. 1991. Snohomish system water quality study, 1987-90. Tulalip
Fisheries Department Progress Report 91-2, The Tulalip Tribes, Marysville, Washington.

•

Thornburgh, K. 1996a. Snohomish County ambient water quality monitoring,
summary report for 1992-1995. Snohomish County Surface Water Management. April
1996.

•

Fricke, L. Needs assessment for the Island/Snohomish Watershed. Ecology Publication
95-63, Olympia. June 1995.

•

Cusimano, R. Snohomish River estuary dry season TMDL Study - Phase II, water
quality model confirmation and pollutant loading capacity recommendations. Ecology
Publication 97-325, Olympia. June 1997.
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•

Ehinger, W. Summary of ambient monitoring data collected from the Snohomish River
Basin. Department of Ecology Environmental Investigations and Laboratory Services
Program. October 1993.

•

Thornburgh, K. 1996b. The state of the waters, water quality in Snohomish County’s
rivers, streams, and lakes. Snohomish County Surface Water Management, Everett,
Washington.

•

Ecology; Butkus, S., author. 1997. 1997 Washington State Water Quality Assessment,
Section 305(b) Report. Department of Ecology Water Quality Program. Ecology
Publication 97-13, Olympia.

The criteria for water quality are based on the river classification developed by the State of
Washington. According to the state, there are three classes of rivers, Class AA, Class A, and
Class B. The Snohomish, Snoqualmie, and Skykomish and the majority of their tributaries are
Class A rivers. Table 4-1 lists the criteria for certain water quality characteristics for each of the
three classes of rivers.

4.2

SUMMARY OF RECENT WATER QUALITY MONITORING RESULTS
IN THE SNOHOMISH BASIN

It is difficult to summarize simply the water quality data for the basin. The amount of data
is very large; the temporal and spatial resolution of the data varies from study to study; and the
screens used to evaluate data and the interpretations of equivalent data vary from study to
study. The reports listed in Section 4.1 were reviewed to determine what state standards are
not being met and generally where these violations are occurring. Table 4-2 identifies which
water quality characteristics have exceeded written standards, where these violations have
occurred, what activity or land use is identified as the likely problem source, and the source of
the information.
The state standards for temperature provide an example of the difficulty of interpreting
water quality data. If several temperature measurements exceed the standards of 16 or 18
degrees Celsius (for Class AA and Class A streams, respectively), then a stream may be listed
on the 303(d) list for temperature problems. Brief excursions above these temperatures,
however, do not endanger salmonid species, and such excursions are common in natural
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Table 4-1

River classification of certain freshwater quality standards for Class AA
(extraordinary), Class A (excellent), and Class B (good) rivers (WAC 173-201)
(Thornburgh et al. 1991).
River classification

Condition

Class AA

Class A

Class B

Pilchuck R. (RM 26.8 to
headwaters)

Snohomish River

None

Snoqualmie R. (Mid. and N. Forks,
S. Fork from Twin Falls St. Park to
headwaters)

Snoqualmie R. (mouth to w.
boundary of Twin Falls St. Park)

Skykomish R. (May Cr. to
headwaters)

Skykomish R. (mouth to May Cr.)
All other tributaries

Sultan R. (all tribs. and from
Chaplin Cr. to headwaters)

Sultan R. (mouth to Chaplin Cr.)

Tolt R. and tribs.
Fecal coliform
Shall not exceed a
geometric mean value of:

50 colonies/100 ml

100 colonies/100 ml

200 colonies/
100 ml

With not more than 10%
of samples exceeding:

100 colonies/100 ml

200 colonies/100 ml

400 colonies/
100 ml

9.5 ml/l

8.0 mg/l

6.5 mg/l

16 °C

18 °C

21 °C

When background
turbidity is 50 NTU or less,
shall not exceed
background turbidity by:

5 NTU²

5 NTU

10 NTU

When background
turbidity is more than 50
NTU, shall not have more
than an increase of:

10%

10%

20%

Dissolved oxygen:
Shall exceed:
Temperature¹
Shall not exceed:
Turbidity

pH

All classes shall be within the range of 6.5-8.5

1

Lethal and temperature optima vary by species, life stage, and degree of acclimation (EPA 1999).

2

Nephelometric turbidity units.
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Table 4-2

Summary of measured exceedances of water quality standards or exceedances of “levels of concern.”

Water Body

Butkus 1997
Proposed 1998 Section
303(d) List¹

Thornburgh,
1991²

Fricke 1995
needs
assessment³

Cusimano
4
1997

Ehinger
5
1993

Thornburgh
6
1996b

Problem sources identified in reports

Port Gardner

organics, pesticides

---

DO, PCBs,
pH, Hg,
Metals,
Organics

DO*

---

---

sediment contamination, combined
sewer and stormwater osutfalls, urban
runoff, naturally low DO

Steamboat
Slough

---

---

---

DO*, chlphl
A, nutrients

---

---

sediment contamination

Lower
Snohomish

organics, pesticides,
PCBs, Hg, As, Cu, DO,
fecal col.

---

organics,
PCBs,
phenols

DO*,
nutrients

---

bacteria, T

sediment contamination, urban runoff,
industrial and commercial runoff,
manure, fertilizers

Ebey Slough

DO, fecal col., pH

---

DO

DO, chlphl
A, nutrients

---

bacteria, T

seawater, decaying organic matter

Allen Creek

DO, Cu, fecal col., Pb

fecal col.,
nutrients

fecal col.

DO, fecal
col.

---

bacteria, DO,
nutrients,
metals

animal access, failing septic systems,
urban runoff, dairy farming, fertilizer

Quilceda
Creek

DO, Cu, fecal col., Pb, Zn

fecal col.,
nutrients

DO, fecal col.

DO, fecal
col.

---

bacteria, DO,
nutrients,
metals

animal access, failing septic systems,
urban runoff, dairy farming, fertilizer

Marshlands
Creek

DO

fecal col., DO,
nutrients,
turbidity

---

DO,
turbidity,
nutrients,
fecal col.,
chlphl A

---

turbidity,
bacteria,
nutrients

failing septic systems, manure, urban
runoff, erosion, fertilizer

Snohomish
River

fecal col., T, DO

nutrients

T, fecal col.,
DO

OK

T, fecal col.

bacteria, T

agriculture

Pilchuck
River

fecal col., Tb

OK

fecal col., T

nutrients

T, nitrate

T

residential runoff
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(continued).

Water Body

Butkus 1997
Proposed 1998 Section
303(d) List¹

Thornburgh,
1991²

Fricke 1995
needs
assessment³

Cusimano
4
1997

Ehinger
5
1993

Thornburgh
6
1996b

Problem sources identified in reports

French Creek

DO, fecal col., Pb, Zn

fecal col., DO,
nutrients,
turbidity

DO, fecal col.

DO,
turbidity,
nutrients

---

turbidity,
bacteria, DO,
nutrients, T

manure, failing septic systems,
fertilizers

Snoqualmie
River

T

nutrients

T, fecal col.

---

T, pH, fecal
col.

T, bacteria,
nutrients

animal access, manure

Cherry Creek

TMDL

fecal col.,
nutrients

fecal col.

---

---

---

dairy farms

Ames Creek

---

---

fecal col.

---

---

---

dairy farms

Griffin Creek

TMDL

---

---

---

---

---

forestry

Patterson
Creek

TMDL

fecal col.,
nutrients

fecal col., DO

---

---

---

dairy farms

Raging River

TMDL

---

fecal col.

---

---

---

failing septic systems

Tokul Creek

T

---

T

---

---

---

forestry

South Fk.
Snoqualmie
River

pH, T

---

---

---

---

---

Mid Fk.
Snoqualmie
River

T

---

---

---

---

---

Skykomish
River

Cu, fecal col., Pb, Au, T

OK

fecal col., T

fecal col.

T, nitrate

bacteria

urban runoff, manure

Woods
Creek

fecal col., Pb, Zn

fecal col.,
nutrients

fecal col.

nutrients,
chlphl A

---

bacteria

dairy farms, agricultural runoff, urban
runoff
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(continued).
Ehinger
5
1993

Thornburgh
6
1996b

---

---

---

---

---

---

Water Body

Butkus 1997
Proposed 1998 Section
303(d) List¹

Thornburgh,
1991²

Fricke 1995
needs
assessment³

Wallace
River

T

---

May Creek

T

---

Cusimano
4
1997

Problem sources identified in reports

KEY:
Cu

Copper

Au

Silver

DO

Dissolved oxygen

Zn

Zinc

fecal col.

Fecal coliforms

As

Arsenic

Hg

Mercury

chlphl A

chlorophyll A

T

Temperature

Pb

Lead

*
1
2
3
4
5
6

TMDL

Total Maximum Daily Load requirement imposed

organics

potentially toxic organic chemicals

DO problems predicted with model but not measured.
Butkus, S. 1997. Impaired and threatened surface waters requiring additional pollution controls, proposed 1998 Section 303(d)
Ecology Publication 97-14.
Thornburgh, K. 1996a. Snohomish system water quality study, 1987-90. Tulalip Fisheries Department Progress Report 91-2.
Fricke, L. Needs assessment for the Island/Snohomish watershed. Ecology Publication 95-63.
Cusimano, R. Snohomish River estuary dry season TMDL study – Phase II, water quality model confirmation and pollutant loading capacity
recommendations. Ecology Publication 97-235.
Ehinger, W. 1993. Summary of ambient monitoring data collected from the Snohomish River Basin. Washington State Department of Ecology,
Environmental Investigations and Laboratory Services Program..
Thornburgh, K. 1996b. The state of the waters, water quality in Snohomish County’s rivers, streams, and lakes. Snohomish County Surface Water
Management.
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streams with little groundwater influence. A different analyst may want to examine how long
and by how much water temperatures exceed the standards before deciding that a stream has
temperature problems.
Although there is variability in past interpretations of water quality data, consistent
pictures of the water quality situation emerge from the data. Problems with fecal coliforms,
nutrients, dissolved oxygen (DO), and temperature are commonly associated both with streams
draining heavily residential basins and with streams draining commercial and noncommercial
farming areas.
Low-gradient streams draining residential or agricultural lands and lacking a forested
riparian buffer feature have the worst water quality. These include Quilceda, Allen,
Marshlands, French, lower Woods, and lower Patterson creeks. While animal access and
agriculture are associated with high fecal coliform measurements, streams draining residential
areas often feature similar fecal coliform problems (Thornburgh 1996b) because of pet waste,
failing septic systems, and leaking sewers. Nutrient and bacteria problems also affect the
mainstem Snoqualmie and Snohomish rivers. Nitrate is found to be above water quality
standards in extensive areas of each river. High levels of nitrate and associated nutrients can
lead to eutrophication in low-flow streams and ponds that are essential juvenile salmonid
habitat. Eutrophic conditions are exacerbated during warmer summer months due to minimal
flow and increased temperature, precisely the same time juvenile salmon rely on this habitat.
Levels of nutrients, DO, and temperature are all related to one another. Nutrients increase
both photosynthesis and respiration in natural waters but lead to a net increase in oxygen
demand, reducing the oxygen available for fish. As the temperature of water increases, the
amount of DO it can hold is diminished. Riparian forests can mitigate all of these problems by
filtering runoff from adjacent land uses, reducing water temperatures, and decreasing solar
radiation on channels.
Lethal temperatures are generally expressed as either the incipient lethal temperature (ILT)
or the critical thermal maximum (CTM). To establish an ILT, fish are acclimated to one
temperature and abruptly transferred to a higher temperature that yields 50% mortality in 1,000
minutes or 7 days. To establish the CTM fish are subjected to uniform rates of temperature
change until a loss of equilibrium is observed. Generally, ILT for all freshwater life stages of
salmonids ranges from 23 to 27°C, whereas the CTM temperatures range from approximately
20 to 30°C (EPA 1999). For both indices, the lethal indices measured are directly related to the
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temperature of acclimation preceding testing (EPA 1999). Optimum growth generally occurs
between 14 to 18°C for all salmonids.
The data also show problems with contaminated sediments in the lower Snohomish River
and Port Gardner Bay. These sediments contain levels of concern with many organic
compounds such as phenols, PCBs, and dioxin. Metals are found in the Snohomish and
Skykomish rivers, and the deposition of metals can have a cumulative and toxic effect upon fish
and smaller organisms. Measurements of metals above levels of concern are associated with
wastewater treatment plant outfalls, road runoff, and past industrial discharges. Metals also
accumulate in the Snohomish River estuary and Port Gardner Bay.
Chronically high turbidity is found in Marshlands and French Creek, and it has the
potential to affect gill function in fish and eventually deprive them of oxygen. High turbidity is
usually associated with high fine sediment loads; these sediments can reduce the production of
benthic invertebrates, a primary food source for juvenile salmonids, and can increase the
mortality of salmon eggs by reducing the flow of oxygenated water through channel sediments.
Visual reconnaissance indicates many of the streams and rivers exceed turbidity standards
during storm flows.
Most of the water quality studies either did not measure or did not find problems with
pesticide or herbicide levels, but a recent study (Bortleson and Davis 1997) has found high
levels of pesticides and herbicides in streams draining residential areas. Overuse and improper
use of pesticides, herbicides, and fertilizers by homeowners is a water quality concern
Sources of water quality problems in the lower basin include livestock access to streams,
urban runoff, commercial and industrial runoff, manure-tainted runoff from agricultural areas,
failing septic systems, wastewater treatment plant outfalls, sediments contaminated by past
industrial discharges, missing riparian forests, and combined sewer overflows. Table 4-3
shows what types of contaminants are associated with each land use or activity causing
problems.
Map 5 shows the locations where water quality contaminants exceed state standards
according to references. The GIS map was developed prior to obtaining many of the studies
discussed above, and it does not include all of the data reviewed here. The spatial pattern and
types of pollutants mapped are consistent with the new data, however.
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TRENDS IN WATER QUALITY

Ehinger (1993) assessed “changes over time in temperature, DO concentration, pH,
suspended solids, total phosphorus concentration, ammonia concentration, and fecal coliform”
at several monitoring stations in the Snohomish system to determine if significant linear
temporal trends existed in the raw data. “When significant trends were detected, the analysis
was repeated on flow adjusted data or on hour of collection data (DO).” Table 4-4 summarizes
the results of Ehinger's analysis. A consistent downward trend in nitrate was detected
throughout the watershed. Fecal coliforms also showed a downward trend in the Snohomish
River. These reductions could reflect improvements in manure management in agricultural
areas. The Snoqualmie River at the town of Snoqualmie showed a significant downward trend
in temperature, possibly due to reforestation of riparian areas. Decreasing trends in DO at
several stations are a cause for concern, although DO was still above state standards in the
Snoqualmie River stations. The Skykomish River at Gold Bar shows a positive trend in pH over
time. A reason for this trend was not readily apparent, but may be due to wood stove smoke.
Ehinger (1993) also evaluated differences in suspended solids and nitrate-N across stations.
His analysis showed that suspended solids in the Snohomish are higher than in any of its major
tributaries. It also showed that nitrate-N tended to be higher in the Snohomish than in its major
tributaries. The results also showed that nitrate-N was higher in the Pilchuck River than in
either the Skykomish at Monroe or the Snoqualmie at Snoqualmie. The findings lead to
concerns about nonpoint sources of nutrients in the Pilchuck Basin.
Thornburgh et al. (1991) attempted to do some trend analysis, but their data record was too
short to show significant trends and their sampling density was too low to relate water quality
changes to specific land uses. Thornburgh et al. (1991) provides useful information on wet vs.
dry season differences in water quality and on upstream-downstream comparisons for some
streams and rivers, but this information is too extensive to cover here and not particularly
informative for a basin-wide analysis.
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Table 4-3

Pollutants commonly associated with various activities and land uses.

Land use or
activity

Nutrients

Residential and
road runoff

√

√

√

√

Noncommercial
farms

√

√

√

√

Commercial farms

√

√

√

√

Wastewater
treatment plant
effluent

√

√

√

√

√

√

√

Industrial effluent

Turbidity

Pesticides,
herbicides

Bacteria

√

Forestry
Table 4-4

Metals

Organics

√

√

Results of seasonal Kendall Test for linear trends¹. Source: Ehinger 1993.

Snohomish

Pilchuck

Skykomish
@ Monroe

Skykomish
@ Gold Bar

Snoqualmie @
Carnation

Snoqualmie @
Snoqualmie

(years of data)

(29)

(17)

(18)

(26)

(18)

(27)

Parameter

-/ns

ns

ns

ns

ns

ns

Temperature

ns

-/ns

ns

ns

-/*

-/-

DO

ns

-/ns

ns

ns

-/*

-/-

pH

ns

ns

ns

+/+

ns

+/*

+/ns

ns

ns

ns

ns

+/ns

T. phosphorus-P

nv

nv

nv

nv

nv

nv

Nitrate-N

-/-

-/-

-/-

-/-

ns

ns**

Ammonia-N

nv

nv

nv

nv

nv

nv

Fecal coliform

-/-

-/*

ns

ns

ns

ns

Susp. solids

¹

2

r
**

When significant (P<0.05) trends in the raw data were detected, the test was repeated on
flow-adjusted data (raw data results/flow adjusted). (+) = increasing trend, (-) = decreasing trend, ns =
not significant, nv = analysis not valid due to changes in detection limits and a high proportion of "less
than” values (see text).
of flow parameter-flow relationship <0.1, therefore, flow adjusted values were not calculated.
Significant increasing trend in nitrate-N concentration and in the flow-adjusted concentrations were
detected during the low-flow months (July-October).
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A qualitative (and subjective) assessment of water quality trends can be developed from
reviewing WDF and WDFW reports over time. Table 4-5 shows recorded past and present
water quality concern areas in the Snohomish River Basin. According to a report written in
1970 (WDF 1970), poor water quality conditions were found in the lower Snohomish River
Valley. The primary issue of concern was high temperatures in summer low-flow months.
Areas of concern were the mainstem Snohomish River, the Pilchuck River, and French Creek.
Also, two tributaries of the Snoqualmie River, Cherry and Patterson creeks, and the Sultan
River, a tributary to the Skykomish River, experienced increased water temperatures. The
Sultan River was the only area in which lethal levels were reached.
General remarks were also made in this report (WDF 1970) regarding the increased
pollution in the lower river reaches caused by population and industry growth. The areas most
affected were the lower Snohomish River and the lower Pilchuck River because they received
various municipal, industrial, and agricultural wastes.
Impacts from logging activities were also mentioned as one of the possible causes of
landslides in the upper basins of the Tolt and Taylor rivers. These landslides were contributing
a high degree of siltation to these rivers.
Volume 1 of the 1975 Washington Streams catalog (WDF 1975) discusses water quality
issues in the Snohomish River Basin. Major issues at that time were summer low-flow areas
that could contribute to high stream temperatures, siltation caused by clearcut logging and road
construction, lack of riparian vegetation, and pollution from industrial effluents.
Low summer flows contributing to high temperatures were present in the Granite Falls area
of the Pilchuck River, the lower mainstem of the Snoqualmie River, the upper Tolt River,
Woods Creek, the Wallace and Sultan rivers, and the Skykomish River near Sultan.
Poor water quality (turbidity and siltation) areas, caused by clearcut logging and road
construction, were found in the headwaters of the Pilchuck River, some reaches of the upper
tributaries of the Snoqualmie River, the Tolt River, the headwaters of Griffin Creek, and the
South Fork Snoqualmie River. Also, logging activities and road construction affected stream
quality in the Skykomish River, from Startup to the confluence with the North and South forks,
in the Sultan River Basin, and in the Sunset Falls area of the South Fork Skykomish.
The water quality of the lower 6 mi of the mainstem Snohomish River plus the lower
2 to 3 mi of each major slough have been impacted in the past by industrial effluents and
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extensive log rafting. Water quality problems in the lower mainstem Snoqualmie are
compounded by slow-moving water and lack of stream cover causing increased temperatures.
Table 4-5 Snohomish River Basin stream water quality areas of concern for the late
1960s, 1975, and 1995.
Stream
Snohomish River

Late 1960s

1975

X

1995
X

Quilceda Creek

X

Allen Creek

X

Pilchuck River

X

French Creek

X

Snoqualmie River

X

X

X

X

X

Cherry Creek

X

Ames Creek

X

Tolt River

X

Griffin Creek

X

Patterson Creek

X

X

Raging River

X

Tokul Creek

X

South Fork Snoqualmie

X

X

Middle Fork Snoqualmie

X

North Fork Snoqualmie

X

Skykomish River

X

X

Woods Creek

X

East Fork

X

West Fork

X

Elwell Creek

X

Sultan River

X

X

South Fork Skykomish

X

North Fork Skykomish

X
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IMPORTANT WATER QUALITY CHARACTERISTICS IN
THE SNOHOMISH SYSTEM

4.4.1 Dissolved Oxygen
Fish and other aquatic animals depend on dissolved oxygen (the oxygen present in water)
to live. The amount of DO in streams is dependent on the water temperature, the quantity of
sediment in the stream, the amount of oxygen taken out of the system by respiring and
decaying plants, and the amount of oxygen put back into the system by photosynthesizing
plants, streamflow, and aeration. DO is measured in milligrams per liter (mg/l) or parts per
million (ppm). Water temperature influences the amount of DO present; less oxygen dissolves
in warm water than in cold water; thus, is a cause for concern for streams with warm water.
Organic waste from failing septic systems, agricultural and urban runoff, and discharges
into river systems by commercial activities can alter the water quality characteristics of the
receiving waters. Bacteria in the water decompose these effluents using DO, thus reducing the
DO present for fish and other aquatic organisms.
The minimum level for Class A waters, set by state standards for DO in fresh water is
8 mg/l, the level below which salmonids and estuarine species show an effect.
For Class A marine waters of the lower Snohomish River the standard is 6 mg/l.

4.4.2 Temperature
Metabolic rate and the reproductive activities of aquatic life are controlled by water
temperature. Metabolic activity increases with a rise in temperature, thus increasing a fish’s
demand for oxygen; however; an increase in stream temperature also causes a decrease in DO,
limiting the amount of oxygen available to these aquatic organisms. With a limited amount of
DO available, the fish and other aquatic organisms will become stressed and possibly die. A
rise in temperature can also provide conditions for the growth of disease-causing organisms.
Water temperature varies with season, elevation, geographic location, and climatic
conditions and is influenced by streamflow, streamside vegetation, groundwater inputs, and
effluent from industrial activities. Water temperatures rise when streamside vegetation is
removed. MacDonald et al. (1991) showed that temperatures in Pacific Northwest streams
increased up to 8°C above the previous highest temperature when entire forest canopies were
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removed. Water temperature also increases when warm water is discharged into streams from
industries.
The optimal temperature range for salmonids is approximately 12 to 14°C. The threshold
level above which the fish are negatively impacted is 18°C, the standard for Class A fresh
water, and 16°C in marine water. For Class AA waters the standards are 16°C (fresh water) and
13°C (marine water). Lethal temperature levels for adult salmonids are between 20 and 25°C
(MacDonald et al. 1991).

4.4.3 pH
pH is a measure of the amount of free hydrogen ions in water. pH is measured on a
logarithmic scale from 1 to 14: a measurement of 7 is neutral, a measurement below 7 is acidic,
and a measurement above 7 is alkaline or basic. Because pH is measured on a logarithmic
scale, an increase of one unit indicates an increase of 10 times the amount of free hydrogen ions.
The pH of water affects the solubility of many toxic and nutritive chemicals, thereby
affecting the availability of these substances to aquatic organisms. As acidity increases, most
metals become more water-soluble and more toxic. Toxicity of cyanides and sulfides also
increases with a decrease in pH (increase in acidity). Ammonia, however, becomes more toxic
with only a slight increase in pH.
Most streams draining coniferous woodlands tend to be slightly acidic (6.8 to 6.5). The
Class AA and Class A state water quality standards range for pH is from 6.5 to 8.5; reduction in
salmonid egg production is observed when pH declines from 6.5 to 5.0 (MacDonald et al. 1991).

4.4.4 Nutrients
Nutrients such as phosphorus and nitrogen are essential for the growth of algae and other
plants. Aquatic life is dependent upon these photosynthesizers, which usually occur in low
levels in surface water. Excessive concentrations of nutrients, however, can overstimulate
aquatic plant and algae growth. The vegetation can use up DO during decomposition,
depriving fish and invertebrates of available oxygen in the water.
When high levels of these nutrients are found in a stream, the cause may be associated with
fertilizer application and the breakdown of organic matter, including animal waste. In the
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Snohomish River Basin, failing septic systems, wastes from pets and farm animals, and
fertilizers are significant sources of nutrients, especially in small streams.
The sources of phosphorus (as phosphate) in natural waters are agricultural or residential
fertilizers, detergents and commercial cleaning solutions, sewage, and food wastes. In aquatic
ecosystems, because phosphorus is available in the lowest amount, it is usually the limiting
nutrient for plant growth. This means that excessive amounts of phosphorus in a system can
lead to an abundant supply of vegetation and cause low DO.
The forms of nitrogen found in surface water are nitrate, nitrite, and ammonia. Nitrate is a
stable form of nitrogen; ammonia is unstable. Ammonia is associated with municipal
wastewater treatment discharges. The stressing effects of ammonia on aquatic organisms
increase at low DO levels and at increased pH (Bell 1986). Nitrite is persistent in the
environment. Sources of nitrogen in streams are animal waste, sewage, wastewater treatment
plant effluent, and fertilizers. Increased nitrogen levels adversely affect cold-water fish more
than they do warm-water fish. EPA (1986) found that nitrogen concentrations of 0.5 mg/l were
toxic to rainbow trout. Nitrogen is also a concern in drinking water because an increased level
of nitrate has been linked with blue-baby syndrome in infants. In 1986, EPA established a
10 mg/l concentration of nitrate as a standard for drinking water.

4.4.5 Bacteria
Bacteria and viruses from human and animal wastes carried to streams can cause disease.
Fecal coliforms, found in the intestines of warm-blooded animals, are the indicator organisms
for which Washington’s surface-water standards are written. Fecal coliform can cause disease
but are more commonly used as an indicator of disease-causing pathogens in the aquatic
environment. The Washington Class AA, A, and B standards for fresh water are 50, 100, and
200 colonies per 100 ml of sample water, respectively. The Washington standard for Class A
marine waters is 14/100 ml, and these waters are approved for shellfish harvest; but the State of
California Water Pollution Control Board recommends concentrations of less than 5 colonies
per 100 ml of sample for shellfish culture.
The major bacteria sources in the Snohomish River system are sewage from septic system
failure, combined sewer overflows, poor pasture management and animal-keeping practices,
pet waste, and urban runoff. High bacteria levels can limit the uses of water for swimming or
contaminate drinking water in groundwater wells. Bacteria may not cause direct problems for
fish and aquatic invertebrates, but their presence may indicate other problems, such as low DO.
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4.4.6 Sediment
Sediment enters streams via soil erosion and landsliding. Sediment is a natural component
of streams, but excessive sediment can be carried into streams and rivers from erosion of
unstable streambanks, construction sites, agricultural activities, and urban runoff.
Sediment can be measured as total suspended solids, which is the dry weight after filtering
a water sample, expressed in mg/l. Turbidity, another indicator of the amount of aterial
suspended in water, is a measure of the amount of light that is scattered or absorbed.
Suspended silt and clay, organic matter, and plankton can contribute to turbidity. Photoelectric
turbidimeters measure turbidity in nephelometric turbidity units (NTUs).
Fine sediment deposited on the stream bed can fill gravel spaces, smothering salmonid eggs
and alevins. Turbidity can reduce light penetration, decreasing algal growth; low algal
productivity, in turn, can reduce the productivity of aquatic invertebrates, a food source of
many fish. High turbidity levels affect fish feeding and growth; the ability of salmonids to find
and capture food is impaired at turbidities from 25 to 70 NTU. Salmonid growth can be
reduced and gill tissue can be damaged after 5 to 10 days of exposure to a turbidity level of 25
NTU (MacDonald et al. 1991).

4.4.7 Metals and Other Contaminants
Metals, petroleum products, and organic contaminants, including solvents, electrical
insulators, lubricants, herbicides, fungicides, and pesticides, can accumulate in an aquatic
environment and cause toxic effects on aquatic life. Sources of these contaminants in the
Snohomish River Basin can include automobiles, autobody shops, metal fabrication, and other
commercial and light industrial activities. Surface runoff from urban areas can become
contaminated with these substances from roads and parking lots. These contaminants can then
be carried into a stream system, causing deleterious effects on the aquatic life.
Metals of concern are cadmium, copper, lead, mercury, silver, and zinc. Commercial and
industrial activities can be a source of metals such as cadmium. Cadmium is toxic to both
humans and fish and seems to be a cumulative toxicant. Small salmon fry have been killed
from concentrations of 0.03 mg/l (Bell 1986). Metal plating, electrical equipment, pesticides,
paint additives, and wood preservatives are sources of copper. Copper is also toxic to juvenile
fish. Lead sources are batteries, gasoline, paints, caulking, rubber, and plastics. Zinc is used in
galvanizing and plating. Other toxicants that are associated with industrial effluent are
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mercury and silver. When fish are exposed to either mercury or silver at certain concentrations,
gill tissues are damaged and death by asphyxiation can occur. Silver, at concentrations of 0.003
mg/l has been shown to be lethal to fish (Bell 1986). Humans are also sensitive to silver but at
higher concentrations. Levels of 0.05 mg/l cause permanent discoloration of skin and eyes.

4.5

PRIORITIZATION OF WATER QUALITY PROBLEMS FOR SALMONIDS,
ESTUARINE SPECIES, AND HUMANS

This review of water quality information and the mapped locations of water quality
standard exceedances (Map 5) provide a basic summary of water quality conditions in the
basin. This raw information does not necessarily assist in prioritizing water quality
remediation. Violations that are infrequent, of short duration, of very limited geographic
extent, or just barely beyond standards are obviously not as important as more severe or
extensive violations. To help prioritize remediation efforts, water quality standard exceedances
have been screened quantitatively and qualitatively to identify the more important problems.
Table 4-6 lists the water quality factors of concern and defines “thresholds of concern” at which
salmonids, estuarine dependent species, and humans are likely to be detrimentally affected. In
some cases the thresholds are the same as the state standards, but in other cases they may be
greater or smaller than the state standard. Exceedances above these thresholds have been
identified as higher priority problems. Also, the geographic extent of exceedances has been
qualitatively evaluated to identify higher priority concern areas.
Primary water quality characteristics affecting salmonids in the Snohomish River Basin are
low DO, high temperature, increased turbidity, and the presence of metals, PCBs, phenols, and
ammonia (Table 4-6). Nutrients indirectly affect salmonids by lowering DO. Because low
flows, which occur in the late summer and early fall, can exacerbate these water quality
characteristics, the life stages most affected are summer rearing for all salmonids and upstream
migration and spawning for chinook and chum salmon. The areas of water quality concern for
salmonids in the Snohomish River Basin are indicated on Map 6.
In addition to all of the water quality factors that affect salmonids, species associated with
estuaries are affected by increased fecal coliform bacteria (Table 4-6). Shellfish are especially
sensitive to bacteria, and the threshold of concern for fecal coliforms as they affect shellfish is
much lower than the state standard. The areas of water quality concern for estuarine species in
the Snohomish River Basin are indicated on Map 6.
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The main water quality factors that affect human recreational users, who include boaters
and swimmers, are fecal coliforms, metals, and phenols (Table 4-6). Other water quality factors
that do not pose a health risk to humans but that can be a nuisance or decrease aesthetic value
are excessive nutrients, which can lead to a buildup of algae and to an increase in turbidity.
The areas of water quality concern for human recreational users in the Snohomish River Basin
are indicated on Map 6.
The main areas of concern in the lower part of the basin are the lower mainstem Snohomish
River, Ebey Slough, Quilceda and Allen creeks, and the Pilchuck River. The primary water
quality factors of concern are DO, increased temperature, and increased fecal coliform bacteria
(Table 4-7). In the lower mainstem Snohomish, metals, PCBs, and phenols are also of concern.
Increased temperature and fecal coliform cause poor water quality conditions in the
Snoqualmie River Basin in the mainstem Snoqualmie, the Raging River, and in Cherry, Ames,
Patterson, and Tokul creeks. In the upper mainstem Snoqualmie, increased nutrients are an
additional problem, and in the Raging River, pH is a concern (Table 4-7).
Areas in the Skykomish River Basin that are of concern are the mainstem Skykomish from
the confluence to the Sultan River (river mile 34.4) and from May Creek to the confluence with
the North and South forks. Woods Creek and Elwell creeks also have water quality problems.
The main issues for the mainstem Skykomish are increased temperature and fecal coliform
bacteria. Increased fecal coliform, nutrients, and sedimentation are the main concerns in
Woods Creek, and Elwell Creek has increased temperatures (Table 4-7).
High levels of nutrients, fecal coliforms, low DO, and high summer water temperatures, as
well as various metals found in the Snohomish system, present challenges of mitigation to
ensure good water quality for river organisms and the growing human population. Excess
metals are already causing shellfish and bottom fish closures in Port Gardner, and with the
growing human population creating more impervious surfaces, more septic systems, and more
fertilized landscaping, the problems are likely to increase.
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Threshold values and exposure sites of certain water quality characteristics of concern in the Snohomish River Basin.

Water quality characteristics
of concern

Estuarine fish, shellfish, and marine birds
(>10ppt salinity)
Threshold
Exposure
(chronic)
6 mg/l
Tidal sloughs, areas w/low circulation

Threshold

Dissolved oxygen1

Salmonids
(Freshwater critera <10 ppt salinity)
Threshold
Exposure
(chronic)
8 mg/l
Tributaries, low-flow areas

—

—

Temperature1

18°C

16°C

Tidal sloughs, areas w/low circulation

—

—

pH1

6.5 - 8.5

7.0 - 8.5

Tidal sloughs, areas w/low circulation

6.5 - 8.5

Nutrients (nitrite-nitrate phosphorus
total organic carbon [TOC])
Fecal coliform1

none

Tributaries, main channel

None

Tidal sloughs, areas w/low circulation

None

—

—

14/ml

Tidal sloughs, areas w/low circulation

100/100 ml

Turbidity3

25 NTU

25 NTU

Tidal sloughs, areas w/low circulation

50 NTU

Tributaries, low-flow areas
Tributaries

Tributaries

Total toxic metals (ppm)

Recreation: Swimmers and boaters
Exposure

Main channel, tributaries
Nuisance, algae
Main channel, tributaries
Aesthetics

5ppm²
Main channel

Metals (50mg/l hardness)
Arsenic4
Cadmium4
Copper4
Lead4
Mercury4
Silver5
Zinc4

mg/l
.036
.009
.002
.008
0.000012
0.00036
0.058

Main channel
Main channel
Main channel
Main channel
Main channel
Main channel
Main channel

mg/l
.036
0.001
0.006
0.001
0.000012
0.00036
0.058

Tidal sloughs, areas w/low circulation
Tidal sloughs, areas w/low circulation
Tidal sloughs, areas w/low circulation
Tidal sloughs, areas w/low circulation
Tidal sloughs, areas w/low circulation
Tidal sloughs, areas w/low circulation
Tidal sloughs, areas w/low circulation

PCBs5

0.0002 mg/l

Main channel

0.0002 mg/l

Tidal sloughs, areas w/low circulation

—

Phenols5

0.117 mg/l

Main channel

0.117 mg/l

Tidal sloughs, areas w/low circulation

0.0052 mg/l

Ammonia2

0.5 mg/l

Main channel

0.5 mg/l

Tidal sloughs, areas w/low circulation

—

—
Main channel
—

1
2
3
4
5

WAC 173-201-045
van der Leeden et al. 1990
MacDonald et al. 1991
EPA Aquatic Life Standards 1995
Suter et al. 1994, secondary chronic value
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Water quality concerns of streams in the Snohomish River Basin.

Stream

Water quality factor of concern

Snohomish River

Fecal coliform, nutrients, metals, phenols, PCBs

Ebey Slough

Dissolved oxygen

Quilceda Creek

Temperature, fecal coliform, nitrate-nitrite

Allen Creek

Temperature, fecal coliform, nitrate-nitrite, sediments, metals

Pilchuck River

Dissolved oxygen, temperature, fecal coliform, metals

Snoqualmie River

Temperature, fecal coliform, nutrients, ammonia, metals

Cherry Creek

Fecal coliform

Ames Creek

Fecal coliform

Patterson Creek

Dissolved oxygen, fecal coliform

Raging River

Temperature, fecal coliform, pH

Tokul Creek

Temperature

Skykomish River

Temperature, fecal coliform

Woods Creek
East Fork

Fecal coliform, nutrients, sediments

West Fork

Fecal coliform, nutrients, total organic compounds, sediment

Elwell Creek
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5.0 GROUNDWATER

5.1

INTRODUCTION
Groundwater is important in the Snohomish River Basin as a source of streamflow during

the low-flow months of August and September, as a potential large-scale source of human
water supply, and as the source of water for rural homes unconnected to regional water supply
systems. The Snohomish River Basin contains at least two large aquifer systems potentially
capable of serving a portion of regional needs. Both of these aquifer systems are located in the
Snoqualmie Valley and occur above and below Snoqulamie Falls. As shown in the annual
water budget discussed in Chapter 8, groundwater leaving the basin and discharging directly
to Puget Sound (without first appearing as streamflow) is less than 4 percent of the mean
annual flow of the Snohomish River. Yet a single percent of the mean annual flow equates to 94
cubic feet per second (cfs) and is therefore a valuable water supply commodity.
Because of the natural seasonality of precipitation, snowfall, and snowmelt, streamflows in
the Snohomish River Basin are quite low in August and September (see Section 2.3), and thus a
period of high stress for fish and the aquatic ecosystem. During August and September,
streamflow is generated by melt of remnant snowfields and glaciers in the Cascades Range,
discharge from lakes and wetlands, slow drainage of hillslope soil moisture (interflow), and
groundwater discharge from surficial aquifers.

Surficial aquifers are unconfined aquifers

connected with surface waters and whose water tables are relatively near the ground surface.
The ecological concern regarding groundwater withdrawals is that such withdrawals will
reduce the discharge of groundwater to the stream system during this low-flow period. Even if
groundwater is withdrawn from confined aquifers not directly connected to surface waters,
these withdrawals could affect recharge from surficial aquifers and indirectly reduce
streamflows. The effects of groundwater withdrawal can be mitigated by managing the timing
of withdrawals and storing water for summer use, by artificial recharge during the wet season,
and by low-flow augmentation.
This discussion of groundwater in the Snohomish River Basin draws primarily from the
following four sources of information:
•

Turney, G.L., S.C. Kahle, and N.P. Dion. 1995. Geohydrology and ground-water quality of
East King County, Washington.

US Geological Survey Water-Resources Investigations

Report 94-4082.
December 17, 1999
00293\001\final\chap5.doc

3HQWHF
page 5-1

3HQWHF

Chapter 5. Groundwater
•

Golder Associates, Inc.

November 5, 1996.

Geohydrology memorandum, Snohomish

County Groundwater Management Plan. Prepared for Snohomish County Groundwater
Advisory Committee and Snohomish County Planning and Development Services.
•

Draft East King County ground water management plan. July 1996. Proposed by East King
County Ground Water Advisory Committee and developed with the assistance of King
County Department of Natural Resources and Seattle-King County Department of Public
Health.

•

Draft Initial Watershed Assessment Water Resources Inventory Area 7, Snohomish River
Watershed. March 17, 1995. Prepared by Pacific Groundwater Group for Washington State
Department of Ecology. Open-File Technical Report 95-06.
Groundwater investigations in the basin are ongoing, however, and new information is

being developed at this time. This discussion should be considered an overview of recent
groundwater information, but new information may refute or supersede information presented
here.

For example, the USGS has issued a report on groundwater in Snohomish County

(Thomas et al. 1997). Based upon that report and other information, a local committee with
consultant assistance prepared the Geohydrology Memorandum (Golder 1996) and Snohomish
County Groundwater Management Plan (Golder 1988).

5.2

DISTRIBUTION OF GROUNDWATER RESOURCES
In the Snohomish River Basin, groundwater basin boundaries correspond to the

surface-water basin boundaries to the east and north. Groundwater flow directions generally
follow surface-flow directions. The USGS study (Turney 1995) is equivocal, however, about the
western and southern boundaries of the groundwater basin. In some statements, the study
indicates that the Sammamish Plateau acts as a groundwater divide, just as it acts as a
surface-water divide, but in other statements the study suggests that some groundwater flow
may move west below Lake Sammamish toward Lake Washington and Puget Sound. To the
south, the upper Snoqualmie Valley aquifer may have connections to the aquifers and surface
waters of the Cedar River Basin.
As discussed in the geologic overview in Chapter 2, significant groundwater resources in
the basin are concentrated in the glacial deposits of the Snoqualmie Valley. The Cascade
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Mountains and foothills are not considered to contain significant groundwater resources
(Turney et al. 1995, Golder 1996). The thin soils over bedrock in the mountains do not retain
significant amounts of rain and snowmelt but transmit water rapidly to the stream system.
Rain and snowmelt also may not infiltrate deeply if the bedrock lacks extensive fracture
networks.

Therefore, bedrock may not be an important source of runoff control and

groundwater storage (Turney et al. 1995), depending on the amount of fracture storage and
fracture flow that is possible. At this time, groundwater resources in bedrock are not well
characterized, but bedrock could be a source of groundwater. It is the Olympia gravels and the
Vashon advance- and recessional-outwash deposits that are the most productive aquifers in the
Snohomish River Basin. The fine-grained lacustrine sediments and glacial tills that separate
these aquifer units are relatively impermeable and act as aquitards.
The thick glacial and interglacial deposits underlying the Snoqualmie River Valley form the
largest aquifer system in the Snohomish River Basin; therefore, the discussion of the subsurface
geology will focus on this valley. The Snoqualmie River aquifers are located beneath the
mainstem Snoqualmie River above and below Snoqualmie Falls and beneath the Tolt River
delta.

The bedrock outcrop at Snoqualmie Falls effectively divides the aquifers in the

Snoqualmie Valley into upper and lower systems. All of the aquifer systems beneath the
Snoqualmie Valley appear to pinch out to the east (Turney et al. 1995).
The shallow alluvial aquifer that underlies the Snoqualmie Valley is connected to the
surface and to the Snoqualmie River. The shallow aquifer is discharging into the Snoqualmie
River above Carnation, but downstream from Carnation the river is discharging water to the
shallow alluvial aquifer (Turney et al. 1995, PGG 1995). The groundwater discharged to the
shallow aquifer may be lost to the deeper Olympia gravels downstream from Carnation
because the fine-grained lacustrine deposits are absent below the lower Snoqualmie River
(Turney et al. 1995, Golder 1996). It is possible that the groundwater discharges into the
Olympia gravels and then flows to the west, below the Sammamish Plateau and out of the
Snohomish River Basin.
Regional groundwater flow within the deep Vashon advance outwash and Olympia gravel
aquifers is not well understood, but there is evidence of artesian pressure in these aquifers.
Turney et al. (1995) found at least 30 flowing wells located near the base of the Cascade
foothills, and Golder (1996) found artesian pressure in the test well drilled into the Olympia
gravels north of the Middle Fork Snoqualmie River. The artesian pressure in these wells
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indicates that the deeper aquifer is being recharged at an elevation higher than the confining
layer of the aquifer. Previously, there was no evidence of a hydraulic connection between the
deep aquifer and the ground surface (Frizzell et al. 1993, Tabor et al. 1993, Turney et al. 1995,
Golder 1995). Thus, groundwater withdrawal from deep aquifers in the basin may reduce
streamflows through reduction in base flow discharge.
Groundwater withdrawals are made from a variety of shallow and deep aquifers for
domestic, municipal, agricultural, and recreational use in the Snoqualmie Valley. Well depths
range from very shallow (only penetrating the recently deposited valley alluvium), to deep
(penetrating the Olympia gravels and bedrock at depths greater than 1,000 ft). Based on the
number of wells, the Vashon advance outwash is the most productive aquifer (Figure 5-1)
(Turney et al. 1995). The deeper aquifers associated with earlier retreats and advances of the
Puget Lobe of the Cordilleran Ice Sheet, especially the Olympia gravels, have not been
extensively tapped by water wells (Figure 5-1).
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Histogram showing the depth of water wells. (After Turney et al. 1995.)
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The groundwater resources of the Snohomish River Basin have been studied as a potential
source of domestic and regional water supplies (Newcomb 1952, Golder 1996, Liesch et al. 1963,
King County 1996, Turney et al. 1995). In fact, several proposals have been advanced to tap the
deeper aquifers near the confluence of the Middle Fork and South Fork of the Snoqualmie River
(King County 1996). All of these studies divide the groundwater resources into the following
major aquifer and aquitard units:
1. alluvium, aquifer
2. Vashon recessional outwash, aquifer
3. Vashon till, aquifer
4. Advance outwash, aquifer
5. Olympia gravels, aquifer
6. transitional beds, aquifer and aquitard
7. undifferentiated sediments, unknown
8. fractured bedrock, limited aquifer
While all the reports written on the subsurface geology of the Snoqualmie Valley agree on
this general outline, they subdivide differently these groundwater units. Different subdivisions
are based primarily on interpretations of local observations, so regional extrapolation is
speculative at best. The subdivisions are defined in terms of aquifer characteristics but not in
terms of geologic origin. Without a clear understanding of the geologic origin of the aquifer
and aquitard sediments, it is difficult to generalize subsurface structure. Figures 5-2, 5-3, and
5-4 present the subsurface geology as originally interpreted by Turney et al. (1995) and Golder
(1996), and show how the geologic origin of the aquifer and aquitard sediments determines
subsurface structure. The legend for the geologic units shown in these is shown in Table 5-1.
The Figure 5-4 cross section shows the deep aquifer in Olympia gravels sloping up under
the Sallal Drift Plain with a steep gradient of 110 ft/mi which is required to bring the up-valley
portion of this unit very near the surface. This important assumption would mean the aquifer
has a near direct contact with the surface and, therefore, a recharge zone. The geologic map,
however, does not indicate a surface outcropping of the deeper aquifer sediment near the Sallal
Drift Plain (Frizzell et al. 1993), nor has this unit been definitively found in the wells drilled on
the Sallal Drift Plain. Golder 1995 postulates that the Olympia gravel aquifer was laid down by
fluvial, rather than glacial, processes, which could explain the postulated gradient and
outcropping.
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Table 5-1

Landform descriptions of Snoqualmie River Valley subsurface units.

Geologic units general
classification

Geologic units
Turney et al. 1995

Geologic units
Golder 1996

Depositional
process

Landform

Alluvium

Qal

Alluvium

Qal

Alluvium

Qag

Fluvial

Terraced flood plain

Vashon recessional outwash

Qvr

Vashon recessional outwash

Qvr

Vashon recessional outwash

Qurg Fluvial

Terraced flood plain

Vashon till

Qvt

Vashon till

Qvt

Vashon till

Vashon advance outwash

Qva

Vashon advance outwash

Qva

Vashon advance outwash

Transitional beds

Qvb

Upper fine-grained unit

Q(A)f Vashon advance lacustrine

Pre-Fraser deposits

Qpf

Upper coarse-grained units

Q(A)c Olympia fluvial deposits

Q(c)

Fractured bedrock

Br

Qvt

Glacial ice contact Terrain mantle

Qvas Fluvial

Terraced flood plain

Qvaf Lacustrine

Thin valley wall,
potential thick
central valley

Qo

Fluvial

Terraced flood plain
1

Lower fine-grained unit

Q(B)f Not classified

Qpou Lacustrine

Lower coarse-grained unit

Q(B)c Not classified

Qpou Fluvial

Unconsolidated and
undifferentiated deposits

Qpou Pre-Olympia undifferentiated

Qpou Fluvial/glacial

Fractured bedrock

Br

Fractured bedrock

Thin valley wall,
potential thick
central valley

1

Terraced flood plain
1

Br

Unknown

Erosional
00293\001\final\tables\table5-1.doc

¹

Uncertain interpretation.
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Figure 5-2 Cross section of the lower Snoqualmie River Valley.
(After Turner et al. 1995.)
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5.3

TRENDS IN GROUNDWATER LEVELS
Current groundwater usage in the basin is estimated and summarized in Chapter 8. In

summary, dispersed groundwater withdrawals are the primary water supply sources for rural
residents and small cities of eastern King and Snohomish counties. Long-term water-table
monitoring could provide information on the effects of these past and current withdrawals on
aquifers. The USGS study (Turney et al. 1995), however, could find no long-term records, and
the short records they published do not show any clear trends. Similarly, Golder (1996) did not
find any “areas of widespread long-term water level decline” in the Snohomish County
Groundwater Management Area.

Residents of the Cherry Creek subbasin, however, are

experiencing problems with dry wells, and these problems are getting worse each year. Much
of the Cherry Creek subbasin is underlain by andesitic basalt, which is a poor provider of
groundwater.

5.4

GROUNDWATER QUALITY
“The chemical quality of groundwater in the study area was typical for western

Washington” (Turney et al. 1995) and generally good. Human-caused groundwater quality
problems were restricted to nitrate contamination of shallow (less than 100-ft-deep) wells, and
“septic tanks, pastures or lawn fertilizers were the probable cause” Turney et al (1995). Natural
dissolution of iron and manganese from the aquifer materials caused poor groundwater quality
conditions in some areas, and arsenic was present in most wells between Carnation and Duvall.
Golder (1996) concluded that “groundwater quality conditions were acceptable for most uses.”
The USGS sampled 297 wells and 13 springs and found similar conditions in Snohomish
County. High iron and magnesium concentrations were common, and arsenic was found in the
vicinity of Granite Falls.

“In some of the samples septage related compounds (nitrate,

ammonia, boron) were detected at levels that indicate contamination by septic systems.”

5.5

RELATIVE MAGNITUDE OF GROUNDWATER DISCHARGE TO STREAMS
The USGS conducted a seepage study in September 1991 to quantify how much

groundwater discharge the Snoqualmie River receives directly from the valley aquifers during
the dry season. The concept behind a seepage study is that the groundwater inflow to or
outflow from a river can be determined by measuring all the surface-water inputs and outputs
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to a channel segment. The difference between the surface outputs and the surface inputs is the
groundwater inflow to the segment.
The results of the study are summarized in Table 5-2. The data in the table is shown in its
original form and with new revisions reflecting unaccounted tributary discharge as discussed
below. The study showed that the South Fork Snoqualmie received about 25 to 31 cfs from
groundwater discharge, or about 25 to 31 percent of its flow, in the reach from Edgewick Road
to North Bend. The upper Snoqualmie River, from Three Forks to below Snoqualmie Falls,
gained 88 cfs, or about 20 percent of its flow, from groundwater. Much of this gain may have
occurred below the Falls, in an area of steep hydraulic gradients, but the resolution of the data
is not fine enough to make this distinction. From Fall City to Carnation, the river gains an
additional 81 to 93 cfs, or 11 to 13 percent of the flow, from groundwater seepage. In total, from
the top of the study area to Carnation, groundwater seepage delivered approximately 115 to
133 cfs, or 25 to 28 percent of the flow observed at Carnation. The study also shows that the
Tolt and Raging Rivers lose water (16 to 20 percent of their flow) to groundwater in their lower
reaches as they flow across their highly permeable delta deposits on the Snoqualmie flood
plain.
While the USGS study is useful, there are many problems interpreting the results of such
studies. For instance, the water lost by the Raging and Tolt rivers to their delta deposits is
probably part of the water gained by the Snoqualmie River from Fall City to Carnation. In this
case, the groundwater gain to the Snoqualmie River is probably overestimated and misleading.
Additionally, unless seepage studies collect data in the bedrock sections of the tributary
streams, these studies cannot estimate how much of the tributary water is from groundwater.
Furthermore, seepage studies of the mainstem rivers do not shed light on seepage in small
tributaries like Patterson Creek, in which almost all of the September flow (9.8 cfs during the
study) comes from groundwater seepage. Patterson Creek is not fed by any large lakes or
snowfields, but wetlands and small lakes do contribute some of the flow. The headwater
tributaries of small streams like Patterson Creek are often dry, or flowing only a trickle, at that
time.
The USGS seepage study was conducted with relatively few monitoring points, so it does
not account for the flow contributions of several significant streams, including Griffin, Harris,
and Cherry creeks. The modifications to Table 5-2 were made to reflect estimates of the
discharges from these neglected tributaries.
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Table 5-2

Summary of seepage run data collected in September 1991.

(Source:

Turney

et al. 1995.)

Discharge (cfs)*
Surface-water body

At site

Total upstream

Boxley Creek near mouth

34.3

--

--

South Fork Snoqualmie River at Edgewick Road

66.3

--

--

Small tributaries

(6)

--

--

South Fork Snoqualmie River at North Bend

132

101 (107)

31 (25)

Middle Fork Snoqualmie River near mouth

210

--

--

North Fork Snoqualmie River near mouth

104

--

--

Snoqualmie River below Snoqualmie Falls

534

446

88

Tokul Creek at mouth

27.6

--

--

Raging River (upstream)

14.9

--

--

Raging River at mouth

11.8

14.9

-3.1

Snoqualmie River at Fall City

581

573

8

Patterson Creek near mouth

9.8

--

--

Griffin Creek

(12)

--

--

Tolt River (upstream, below South Fork/North
Fork confluence)

136

--

--

Tolt River near mouth

114

136

-22

Snoqualmie River at Carnation

798

705 (717)

93 (81)

Cherry and Harris creeks

(20)

--

--

Snoqualmie River near Monroe

736

798 (818)

-62 (-82)

Total gain on the Snoqualmie River system from
North Bend to Monroe
*

Gain

133

Values shown in parentheses are revisions accounting for additional tributaries.
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The USGS study also shows that the Snoqualmie River generally loses water downstream of
Carnation, between Carnation and Monroe, but it is not clear whether the river consistently
loses water through this reach or whether there are several losing and gaining reaches. There
are over 13 mi of river between these monitoring stations, and additional monitoring points
between Carnation and Monroe are needed to more accurately characterize surface-water and
groundwater connections in this area. One potential problem with this study is that it is very
difficult to measure streamflows accurately within 5 percent. With flows of 700 to 800 cfs in the
Snoqualmie River, measurement errors could easily account for half or all of the loss measured
between Carnation and Monroe. The maps of groundwater flow and hydraulic gradients
developed for this study provide no explanation of how 60 to 80 cfs could be lost between
Carnation and Monroe, and longitudinal profiles of the river also cannot explain this loss. It is
also not known where this water goes—either west to the Puget Sound, back to the river below
Monroe, or continuing to parallel the flow of the river to Everett.
Golder (1996b) reviewed results of a USGS seepage study on the Middle Fork Snoqualmie
River and also analyzed flow data for the mainstem Snoqualmie above the Falls to estimate
seepage rates. The USGS measured flow on July 15, August 28, September 7, and September 26,
1995 at five different stations along the Middle Fork from the upstream bridge at Granite Creek
to the downstream bridge at Tanner. Values of total streamflow gain in this area were 21 cfs, - 3
cfs, 41 cfs, and 17 cfs, with an average gain of 19 cfs. Streamflow gains in the subreach adjacent
to the Middle Fork embankment were approximately 1 cfs, 8 cfs, 7 cfs, and 7 cfs, with an
average of about 6 cfs. Expressed as a percentage of the mean August flow and the median
7-day low flow for the Middle Fork, groundwater discharge accounts for 4.5 and 10 percent of
the flow, respectively. Golder also found that flow at Snoqualmie Falls was consistently 50 to
60 cfs greater than the sum of the flow from the three forks (South Fork, Middle Fork, and
North Fork). Groundwater addition in the reach from Three Rivers to Snoqualmie accounts for
about 5.7 to 6.9 percent of the mean August flow at Snoqualmie and about11.5 to 13.5 percent of
the median 7-day low flow. This estimate compares favorably with that reported by Turney et
al. (1995), although the lower reference points were at different locations.
Using the estimate of 25 to 31 cfs of groundwater discharge on the South Fork Snoqualmie
River from Turney et al. (1995), Golder's estimate of 19 cfs of groundwater discharge on the
Middle Fork Snoqualmie River, and assuming groundwater discharge to the North Fork
Snoqualmie River is 25 cfs, then groundwater could be contributing as much as 22 percent of
the mean August flow at Carnation or 40 percent of the median 7-day low flow at Carnation.
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5.6

IMPACT OF GROUNDWATER WITHDRAWAL ON STREAMFLOWS
The difficulty of predicting the effects of aquifer withdrawals on streamflows was aptly

described by Turney et al. (1995).
As pointed out by Bredehoft and others (1982), any additional withdrawals from the aquifer
superimposed on a previously stable system must be balanced by an increase in recharge or
a decrease in discharge, or result in the loss of storage within the aquifer (reflected by lower
water levels)… “Additional withdrawals, therefore, would result in a loss of storage (with
an attendant decline in water levels) or a decrease to springs, rivers, lakes, or a decrease in
groundwater flow out of the study area. Discharged water used either directly or indirectly
for streamflow maintenance, fish propagation, waste dilution, or supply would decrease
also.”
The Initial Watershed Assessment (IWA; PGG 1995) also provides a good qualitative
discussion of hydraulic continuity between aquifers and stream systems in the Snohomish
River Basin. The following is an excerpt:
Determining or predicting cause-and-effect stream/aquifer relations can be simple or
complex depending on hydrogeologic conditions. In the case of ground-water withdrawals,
potentially impacted surface-water bodies must first be identified.

Because shallow

aquifers are generally dominated by local ground-water flow systems, withdrawals from
shallow wells are more likely to influence local surface-water bodies. Most simplistically, a
shallow well in an alluvial aquifer will likely affect flow in the adjacent river or stream.
Deeper aquifers are more typically part of regional flow systems. The effects of pumping
from a deep confined aquifer could therefore be manifested on distant river reaches,
discharge rates to coastal saltwater bodies, or could be spread out diffusely over a large area
to affect numerous surface-water bodies. The timing and magnitude of stream/aquifer
interactions depends on many factors, including: the distance between the well and the
surface-water body, the geometry and hydraulic properties of aquifers and aquitards
between the well and the surface-water body, patterns of ground-water flow and recharge,
and the hydraulic properties of riverbeds and lakebeds.

Based on these factors,

ground-water withdrawals may affect surface-water bodies almost instantaneously or may
be delayed by months, years, or even decades. Similar delays can be expected in the effects
of reduced or discontinued pumping.
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Predicting the effects of pumping water from the Olympia gravels in the Snoqualmie Valley
aquifers would fall into the complex, not the simple, category as described in the IWA. Because
the Olympia gravel aquifers are at least partly confined, surface-water effects of pumping
would likely be delayed and/or would possibly occur on “distant river reaches.”
If, for argument’s sake, it is assumed that a regional groundwater supply of 35 to 70 cfs is
developed in the upper Snoqualmie Valley, that no groundwater mitigation is provided, and
that groundwater withdrawals are constant and create a corresponding decrease in
streamflows, then summer streamflows in the mainstem Snoqualmie could decrease by about 6
to 12 percent during the median 7-day low flow at Carnation (604 cfs). Understanding the
significance of such a drop is complicated by the fact that little information exists on juvenile
salmon use of the mainstem Snoqualmie River (Chapter 6) and the fact that no hydraulic
assessment of desirable flow levels has been conducted (Chapter 4).
The previous argument is simplistic, and the actual effects of groundwater withdrawals on
stream flows can only be predicted using multidimensional, time-dependent groundwater
models, and such studies are being conducted, although the results are not available to this
report. Because of time lags between groundwater and stream response and because of the
seasonality of water demand, actual summer flow reductions will be less than that predicted
above, even without mitigation.

The effects of groundwater withdrawal from the valley

aquifers can be further diminished through management systems such as those described in
Section 5.7.
Groundwater withdrawals in the small subbasins in the system could be much more
detrimental to summer flow conditions because these small tributaries are not fed by snowmelt
or large lakes.

The following subbasins are likely to be very sensitive to groundwater

withdrawals: Raging River, Patterson Creek, Harris Creek, Cherry Creek, Dubuque Creek, and
Star Creek. These subbasins feature relatively large areas in residential zoning and are thus
subject to withdrawals for residential water supply and reduced groundwater recharge due to
impervious surfaces in developed areas.

5.7

GROUNDWATER MANAGEMENT
The effects of groundwater withdrawals on summer low flows can be minimized through a

variety of management strategies. Because freshwater life-history stages of some salmonid
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stocks may be low-flow-limited in this basin, management and mitigation strategies should be
considered for new water supply systems consumptively using groundwater and protection of
aquifer recharge areas from impervious surface overlays.
Conjunctive use is the integration of surface-water and groundwater supply systems to
increase supply reliability or reduce environmental impacts. For example, instream flows can
be protected by pumping groundwater to surface storage reservoirs during less critical times of
the year so groundwater withdrawals can be reduced or eliminated at other times of the year.
During the time periods when groundwater withdrawals are reduced, consumers are supplied
with water from the surface reservoirs. Groundwater withdrawals are timed to minimize or
eliminate streamflow impacts during critical low-flow periods. Modeling of surface-water and
groundwater connections and of pumping strategies are necessary to design a conjunctive use
system.
Low-flow augmentation is a similar strategy for mitigating streamflow impacts of aquifer
withdrawals. In this case, groundwater pumped into surface reservoirs during part of the year
is used to augment streamflows during low-flow periods. Again, modeling is necessary to
determine the time of year in which additional groundwater pumping will not negatively
impact flow conditions.
Artificially increasing recharge is a method of improving streamflow conditions during
low-flow periods. One way to do this is to divert streamflows during high-flow periods and
infiltrate these waters over appropriate recharge areas (high-infiltration soils, large depth to
water table) to increase aquifer storage. Another way to do this is to collect stormwater from
developed areas and infiltrate it in appropriate recharge areas. (This strategy assumes runoff of
acceptable water quality to avoid aquifer contamination.)
The strategies described here can be used individually or in concert to mitigate streamflow
impacts of aquifer withdrawals. There is certainly excess water moving through this basin at
certain times of the year, a condition which is not benefiting humans or the aquatic ecosystem;
this water can be used to improve flow conditions during low-flow periods. Conceptually,
these mitigation strategies are simple, but determining their feasibility requires groundwater
modeling and economic analysis not conducted here.
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The decision about how much groundwater to withdraw from aquifers requires estimating
the effects of withdrawals on streamflows, balancing instream and out-of-stream water needs,
and considering the economics of alternative sources of water.

The levels of aquifer

withdrawals under consideration are small with respect to summer low flows in the mainstem
of the Snoqualmie River.

Groundwater management strategies coupled with habitat

mitigations on the flood plains and water quality improvements might mitigate productivity
effects of such withdrawals.
Groundwater withdrawals should be avoided, however, in places where they would affect
flows in small tributaries, as summer fish productivity in these tributaries has very little
capacity to absorb additional low-flow stress. None of the analyses reviewed here has focused
on groundwater connections to small streams, and these streams are far more sensitive to
groundwater withdrawals than is the mainstem Snoqualmie River. Protection of the aquatic
ecosystems in small streams depends on minimizing shallow groundwater withdrawals from
their subbasins.
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6.0 FISH RESOURCES

6.1

INTRODUCTION
Trends in fish populations can provide important insight into factors affecting basin health

and the relative sensitivity of fish populations to management influences. Four major sources
of information have been reviewed to gain information regarding the status of fish stocks in the
Snohomish River Basin: the 1992 Salmon and Steelhead Stock Inventory (SASSI) report
(Washington Department of Fisheries [WDF] et al. 1993), the 1992 SASSI Appendix One
(WDFW et al. 1994), the Washington Streams Catalog (WDF 1975), and the Fish Mapping
Workshop (Nelson 1995).

The following sources of information also were reviewed, but

provided little useful additional information:

watershed analyses from the Griffin-Tokul

creeks, and from the Tye River, South Fork Snoqualmie River, Beckler River, and Tolt River
basins; the Assessment of the Status of Five Stocks of Puget Sound Chinook and Coho report
(Puget Sound Salmon Stock Review Group 1992); the 1967 Annual Report from the Washington
State Department of Fisheries (WDF 1967); and the 1975 Fisheries Statistical Report (WDF 1976).
A major problem with assessing stock abundance is the relatively short record on data of
the number of fish that have survived all fisheries to reach their native spawning grounds.
Such “escapement” data extend back only to the early 1960s. It is therefore difficult to identify
either long-term trends in escapement, cycles in escapement levels, or system carrying capacity.
Determining premanagement levels of fish returns is made even more difficult by the many
habitat changes in this basin that have occurred for over 100 years.
Spawner data do exist from before the early 1960s for certain index stream channels; these
data cannot be used to extrapolate escapement, but they do provide additional qualitative
information regarding fish stocks. For instance, spawning-ground survey data indicate that the
Raging and the Tolt rivers once supported spawning populations of pink salmon. Pink salmon
are no longer observed in these rivers. Currently there is no explanation for this change.
This chapter first presents general information on salmonid life history and habitat. An
excellent and detailed review of much of this information can be found in Groot and Margolis
(1991). The discussion then turns to the major findings regarding stock status and escapement
trends as gleaned from the reports listed previously. No new information has been developed
for this report.

December 17, 1999
00293\001\final\chap6.doc

3HQWHF
page 6-1

Chapter 6. Fish Resources
6.2

3HQWHF

SALMONID LIFE HISTORY
The life cycle of salmonids is basically similar among all species, but there is large

interspecific variability in the timing and duration of freshwater life phases (Table 6-1). All
salmonids have six life stages: egg, larvae (alevin), fry, parr, subadult, and adult. Anadromous
salmonids have one additional stage: smolt. The egg and alevin stages occur within the gravel
stream bed. Eggs are laid in a shallow depression in the stream bed (redd) that is constructed
by the female. After fertilization, the female covers the eggs with gravel, and the eggs incubate
in the redd from 2 to 4 months depending on water temperature. After hatching, the alevins
remain in the interstices of the gravel for several months until the yolk sac is absorbed. At this
stage, the newly formed fry emerge from the gravel and seek out low-velocity habitat along the
edge of the stream and in pools. Pink and chum fry begin their downstream migration to the
estuary almost immediately after emergence; chinook fry spend from several months to a year
in fresh water before migrating seaward; and the other species rear for one or more years in
fresh water (Table 6-1). As the fry grow, they develop dark vertical bars on their sides called
parr marks. The parr marks remain until the smolt stage, when the fish undergo biochemical
and morphologic transformations necessary for life at sea. Smoltification timing and location of
smoltification varies by species but generally occurs in fresh water as fish migrate downstream
to estuary habitat. The duration of residency in the estuary varies by species (Table 6-1) and is
related to fish size.

Species that undergo smoltification as fry (i.e., pink, chum, and fall

chinook) may spend weeks or months feeding in the estuary or in nearshore marine waters.
Larger smolts (e.g., coho, steelhead, and spring or summer chinook) may move through the
estuary and out to sea in several days. Cutthroat and Dolly Varden/trout smolts, however, do
not follow the same pattern. These fish may rear in the estuary or in nearby marine waters for
several months during the spring and summer, then return to the river.
After maturing in Puget Sound or in the ocean for periods ranging from 1 to 5 or more
years, adult salmonids return to their natal streams to spawn. The time of return varies by
species (Table 6-1) and ranges from early spring to winter. Depending on the time of return,
adults may spend from several weeks to several months in fresh water before spawning.
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Table 6-1

Life cycle of anadromous and resident salmonids in fresh water (Palmisano et al. 1993,
Shepard 1981, DNR 1996, Wydoski and Whitney 1979).

Species (run)

Age (years)*

Time of return

Spawning
season

Time in fresh
water

Estuarine
residence time

Chinook salmon,
summer

2-5

June-July

Late Sept.-Nov.

90-180 days
up to 1 year

April-July

Chinook salmon,
fall

2-5

Aug.-Sept.

Fall

90-180 days
up to 1 year

April-July

Coho salmon

2-3

Aug.-Nov.

Oct.–Dec.

1 year

March-May

Chum salmon

3-5

Sept.-March

Sept.-March

0-30 days

April-June

Pink salmon

2

Aug.-Sept.

Sept.-Oct.

0-7 days

April-June

Steelhead trout,
winter

4-6

Nov.-April

Jan.-June

2-3 years

March-May

Steelhead trout,
summer

3-5

May-Oct.

Jan.-June

2 years

March-May

Cutthroat trout,
sea-run

2-6

Dec.-June

Dec.-June

1-4 years

Jan.-Oct

Cutthroat trout,
resident

5-7

NA

April-May

Entire life

NA

Dolly Varden

7-10

April-Aug.

Sept.-Oct.

2-3 years

March-May

*

A small percentage of coho, chinook, and steelhead (mostly males) may return after only 1 year at
sea as “jacks.”
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SALMONID HABITAT NEEDS
The freshwater habitat needs of salmonids vary by life stage and by species (Table 6-2).

During spawning migrations, adult salmonids need access to spawning sites and cover for
refuge. Adequate streamflow is critical for upstream passage, especially for chinook and pink
salmon, and for summer-run steelhead that migrate primarily during the summer and early fall
(i.e., low-flow period). Deep pools suitable for adult holding are critical for species that reside
in the river during the summer low-flow period (i.e., summer chinook, summer steelhead, and
pinks). Elevated water temperatures and reduced DO are also a major concern for adult
salmonids during this period. Species that migrate later in the fall (e.g., coho and winter-run
steelhead) in association with the seasonal increase in streamflows generally are not affected by
low flows, the absence of holding pools, or poor water quality. However, barriers caused by
roads and channel alterations may restrict fish passage into tributaries for all species. This
concern is particularly important to coho, steelhead, cutthroat, and Dolly Varden because these
species tend to reside in the smaller streams in a basin.
All salmonid species require clean gravel for spawning and incubation, and salmon also
tend to favor spawning in areas where groundwater is upwelling through the gravel. The
gravel size and location of spawning sites differ among species. Large-bodied salmonids (e.g.,
chinook) spawn in the mainstem rivers on riffles with large gravel and swift currents. Other
large-bodied salmonids (chum and steelhead) will also spawn in the mainstem rivers, but
usually at locations where gravel is smaller and water velocity is lower than that used by
chinook. Chum tend to spawn in the side channels and sloughs of low-gradient rivers, along
the margins of mainstems, and in moderate-sized tributaries. Pinks will spawn in similar
habitat and in the lower portions of small tributaries to a mainstem river, but the majority of
pinks spawn in main river channels.
The upstream migration of both chums and pinks is limited by their poor leaping ability.
Coho tend to spawn in moderate-sized and small tributaries where the channel gradient is less
than 3 to 4 percent. They have good leaping ability and may migrate far up small streams.
Steelhead spawn in moderate- to high-gradient sections of most streams. They have the best
leaping ability of all local salmonids and are known to pass barriers over 12 ft high. Cutthroat
spawn in the smallest tributaries in a basin and occur either upstream of all anadromous fish or
in association with coho. Because of their small body size, cutthroat spawn on the smallest size
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gravel of all salmonids. Dolly Varden spawn in habitat similar to that used by cutthroat, except
they prefer streams with colder water.
Table 6-2

Salmonid habitat needs by life-history stage and species.

Freshwater life history stage

Key habitat requirement

Affected species

Adult migration

Adequate flows (not too high or
too low)

Chinook, chum spawn in
summer/early fall

Adult holding

Deep pools, sufficient flow, low
water temperatures

All late summer/early fall spawners

Spawning and incubation

Clean gravel (low percentage of
fine sediment)

All anadromous fish

Incubation, alevin development

Clean gravel, sufficient flow to
provide oxygenated water to
egg pocket, absence of
scouring flows (this is a
probabilistic problem; fish can
only be protected from high
flows by maintaining high
spawner density). Urbanization
can increase frequency of
scouring flows

Chinook, chum, pink, coho, Dolly
Varden

Summer rearing

Adequate flow of shady pools
and quiet water, including
sloughs and ponds

Coho, steelhead, summer chinook

Winter rearing

Flows that are not too extreme,
quiet water (sloughs, sidechannels ponds, eddies, etc.)

Coho, steelhead, summer chinook

Smolts

Estuarine habitat for saltwater
acclimation, feeding

Chum, pinks, chinook, coho

Unobstructed migration routes

Coho, steelhead, sea-run cutthroat

Cool, oxygenated, and
unpolluted waters with low
turbidity

All anadromous fish

Juvenile development

All life phases
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The eggs and alevins of salmonids that spawn in the fall (i.e., chinook, chum, pink, coho,
and Dolly Varden) are highly vulnerable to peak flows and debris torrents that scour the stream
bed and destroy redds and/or smother embryos buried in gravel. This is a lesser problem for
steelhead and cutthroat because the incubation phase occurs during late winter and spring,
when the frequency and magnitude of storm events are reduced.
After fry emergence, the type of habitat utilized and the duration of residency in fresh
water is different for all species. Pink and chum salmon fry migrate to sea shortly after
emergence and only use the mainstem channels as a migration corridor and for a limited
amount of feeding. These species spend most of their juvenile rearing phase in the estuary and
nearshore marine waters. As indicated previously, fall chinook fry rear for several months to
1 year during the spring and early summer in the mainstem channels. The fry generally occur
in pools and glides where they feed as they migrate slowly downstream to the estuary. Deep
water, logjams, and boulders in the river provide cover for these fish. Juvenile chinook rear for
several weeks to 2 months in the estuary.

Juvenile coho rear for 1 year in small and

moderate-sized tributaries that have a large amount of pool habitat. They also use ponds, lakes,
and sloughs, especially during the winter. These fish prefer streams including the mainstem
channels during the summer, but seek refuge in standing waters or low-velocity habitat in the
winter. Woody debris jams and undercut banks are preferred cover habitat for juvenile coho.
Cutthroat, especially large adults, occur in the same habitat as do coho. Juvenile cutthroat also
reside in very small streams if pools are present, and sea-run cutthroat can be found throughout
the river system. Juvenile steelhead coexist with coho in moderate-sized tributaries, and their
distribution will extend upstream to steeper channels (e.g., 6-percent gradient) where coho do
not occur. They generally occur in faster water habitats with cobble and boulder substrate, but
also use pools with debris jams for cover. Steelhead use the interstices in cobble and boulder
substrate for refuge during the winter and will move long distances during fall to seek winter
habitat. Dolly Varden rear in a variety of habitats similar to those used by cutthroat trout,
except they are seldom found in streams warmer than 65°F. They have adfluvial, fluvial, and
resident behaviors in addition to the anadromous type. After rearing for 2 to 3 years in their
natal stream, they may migrate to the mainstem river, to a lake, or to the sea, where they
mature to adults.
All life phases of salmonids require adequate streamflows; cool, unpolluted water that is
well-oxygenated; and low levels of finer sediments. Adequate streamflows are critical during
the summer to maintain low water temperature and high DO levels. Minimum streamflows are
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also critical during the spawning and incubation phase because embryos can be harmed or
unable to move out of the redd if it is dewatered. Fine-sediment intrusion into spawning gravel
is a significant concern during the incubation phase because it reduces the circulation of water
and oxygen to eggs or embryos. Chronic suspended sediment levels that cause turbidity
during the spring, summer, and fall is a major concern because it limits primary production of
algae and inhibits feeding by fish.

Inputs of organic pollutants, especially in small to

moderate-sized streams, may reduce DO levels by increasing the biological oxygen demand.
This concern is greatest during the summer because the higher water temperature decreases the
solubility of oxygen and further reduces the amount of DO available to fish.

Other

contaminants may also be a concern in the tributaries and during the summer because dilution
may not be sufficient to prevent toxicity to fish.

6.4

SALMON AND STEELHEAD STOCKS IN THE SNOHOMISH RIVER BASIN
Five anadromous salmonid species reside in the Snohomish River Basin: chinook salmon,

coho salmon, pink salmon, chum salmon, and steelhead trout (WDF et al. 1993). Each of these
species is divided into stocks based on spawning distribution and timing, and on biological
characteristics. Anadromous cutthroat trout and Dolly Varden utilize the basin.
For each of the salmonid stocks in the Snohomish River Basin, the SASSI report (WDF et al.
1993) and the SASSI Appendix One (WDF et al. 1993) identify the origin and production type.
The origin categories are defined by the SASSI report (WDF et al. 1993) as follows:
Native—An indigenous stock of fish that has not been substantially impacted by
genetic interactions with non-native stocks, or by other factors, and is still present in
all or part of its original range. In limited cases, a native stock may also exist outside
of its original habitat (e.g., captive brood stock programs).
Non-native—A stock that has become established outside of its original range.
Mixed—A stock whose individuals originated from commingled native and
non-native parents, and/or by mating between native and non-native fish
(hybridization); or a previously native stock that has undergone substantial genetic
alteration.
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Unknown—A stock for which there is insufficient information to identify stock
origin with confidence.
The production type categories are defined by the SASSI report as follows:
Wild—A stock that is sustained by natural spawning and rearing in the natural
habitat, regardless of parentage (includes native).
Cultured—A stock that depends on spawning, incubation, hatching, or rearing in a
hatchery or other artificial production facility.
Composite—A stock sustained by both wild and artificial production.
The origin and production type for each salmonid stock in the Snohomish River Basin is
listed in Table 6-3 along with information on spawning times and spawning habitat locations.
The information in the SASSI report has been updated by a workshop on basin fisheries
conducted in 1995 by the Snohomish River Basin Work Group. The results were produced on
GIS maps for each salmon species and the steelhead trout with explanatory notes (Nelson, L.H.,
1995).
The SASSI report (WDF et al. 1993) also assigns to each salmonid stock in the Snohomish
River Basin a status based on escapement and/or run-size trends. Run size is defined as a
population size estimate for fish stocks for which data are believed to be complete enough to
represent the relative abundance of the stock. The status categories are defined by the SASSI
report as follows:
Healthy—A stock of fish experiencing production levels consistent with its available
habitat and within the natural variations in survival for stock.
Depressed—A stock of fish whose production is below expected levels based on
available habitat and natural variations in survival rates, but above the level where
permanent damage to the stock is likely.
Critical—A stock of fish experiencing production levels that are so low that
permanent damage to the stock is likely or has already occurred.
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Extinct—A stock of fish that is no longer present in its original range, or is a distinct
stock elsewhere. Individuals of the same species may be observed in very low
numbers, consistent with straying from other stocks.
Unknown—A stock of fish for which there is insufficient information to identify
stock status with confidence.
Status and escapement data for each salmonid stock in the Snohomish River Basin are
summarized in Table 6-4, and escapement trends are illustrated in Figures 6-1 through 6-21.
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Salmonid stocks in the Snohomish River Basin (WDFW and WWTIT 1994).

Species/stock

Origin

Production
type

Spawning times

Spawning habitat locations

Native

Wild

September

Snohomish River from Larimer Creek to
the Confluence with the Skykomish and
Snoqualmie Rivers.

Chinook salmon
Snohomish,
summer

Skykomish from the mouth to Austin
Creek
Wallace River,
summer/fall

Mixed

Composite

September and
October

Wallace River from mouth to Onley Creek

Snohomish,
fall

Native

Wild

Late September
through October

Pilchuck River from mouth to
Wilson Creek
Woods Creek
West and East Forks of Woods Creek –
Lower Reaches
Elwell Creek – Lower Reach
Sultan Creek from mouth to Habecker
Creek
Snoqualmie River from Harris Creek to
Snoqualmie Falls
Tolt River from mouth to confluence with
North and South Forks
North Fork Tolt River – Lower Reach
South Fork Tolt River from mouth to
Reservoir
Raging River – Lower

Bridal Veil
Creek, fall

Native

Wild

Late September
through October
(Hendrick¹)

North Fork Skykomish from mouth to
Lewis Creek
South Fork Skykomish
Tye River – Lower Reach
Foss River – Lower Reach
Miller River – Lower Reach
Beckler River
Bridal Veil Creek - Lower Reach
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(continued).

Species/stock

Origin

Production
type

Spawning times

Spawning habitat locations

Native

Wild

Mid-November to
mid-January
(Eltrich²)

Skykomish River from Woods Creek to
Proctor Creek

Chum salmon
Skykomish,
fall

Wood Creek – Lower Reach
Sultan River – Lower Reach
Skykomish River, in 1-mile reach below
Monroe, and a 0.5-mile reach between
Duffey and Proctor creeks, in braided side
channels between Sultan, and 1 mile past
Gold Bar
Tychman Slough
Wallace River from mouth to Onley Creek

Snoqualmie

Native

Wild

Mid-November to
mid-January

Snoqualmie River from Harris Creek to
Raging River
Tolt River – Lower Reach
Griffin Creek – Lower Reach
Snoqualmie River, in a side channel near
Fall City

Wallace, fall

Native
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(continued).

Species/stock

Origin

Production
type

Spawning times

Spawning habitat locations

Mixed

Wild

Late October
through January

Pilchuk River from Stable Creek to Miller
Creek

Coho salmon
Snohomish

Quilceda Creek
French Creek
W. Fk. Quilceda Creek, in upper 3.5
miles, and all flowing tributaries.
Mid. Fk. Quilceda Creek in upper 5 miles
and all flowing tributaries.
Allen Creek between river mile 1.5 and
5.0 and all flowing tributaries
Catherine Creek, 1.5-mile stretch through
Lake Stevens
Star Creek from mouth to river mile 3.0
Dubuque Creek from mouth to river mile
4.5
Panther Creek from mouth to headwaters
and in the lower tributaries.
Bunk Foss Creek from mouth to river mile
1.0
Worthy Creek, upper portions
Pilchuck Creek from Boulder Creek mouth
to Miller Creek mouth
All flowing tributaries to the Pilchuk Creek

Skykomish

Mixed

Composite

Late October
through January

Skykomish River from Woods Creek to
Confluence with North and South Forks
Woods Creek
Richardson Creek
Sultan River – Lower Reach
Wallace River – Lower Reach
North Fork Skykomish River
Riley Slough
Howard Creek in lower reaches
Cady Creek in lower reaches
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(continued).

Species/stock
South Fork
Skykomish

Origin

Production
type

Spawning times

Spawning habitat locations

Non-native

Wild

Late October
through January

South Fork Skykomish River
Beckler River (fish are transported above
Sunset Falls)
Rapid River – Lower Reach
Miller River – Lower Reach
Foss River – Lower Reach
Tye River – Lower Reach

Snoqualmie

Mixed

Wild

Late October
through January

Snoqualmie River from mouth to
Snoqualmie Falls
Cherry Creek
Tolt River
North and South Forks Tolt River – Lower
Reaches
Tokul Creek – Lower Reach
Raging River
Harris Creek
Stossel Creek – Lower Reach
Raging River
Stossel Creek Part of Tolt (LN)
Griffin Creek from mouth to headwaters
and in an unnamed tributary at river mile
5.0
Patterson Creek at river mile 6.5
Lake Creek (LN)
Canyon Creek in 1-mile reach
Tolt River, river mile 5.5 in lower reach of
the tributary located here
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(continued).

Species/stock

Origin

Production
type

Spawning times

Spawning habitat locations

Native

Wild

Mid-September
through October
(Hendrick)

Snohomish River from Pilchuk River to
confluence with Snoqualmie and
Skykomish Rivers

Pink salmon
Snohomish,
odd year

Snoqualmie River from mouth to
Snoqualmie Falls
Tolt River – Lower Reach
North and South Forks Skykomish River
Beckler River
Woods Creek – Lower Reach
Pilchuck River from river mile 1.5 to 3.5
Skykomish River from river mile 0.0 to 2.5
and from river mile 3.0 to 5.5
Sultan River from mouth to river mile 7.3
Wallace River from mouth to Gold Bar

Snohomish,
even year

Native

Wild

September to
mid-October

Snohomish River from Pilchuck River to
confluence with Snohomish and
Skykomish Rivers
Skykomish River from confluence to
Elwell Creek

Steelhead trout
Tolt summer

Unknown

Wild

February to April

Tolt River from mouth to reservoir
North Fork Tolt River – Lower Reach

North Fork
Skykomish,
summer

Native

Wild

February to April

No. Fork Skykomish from Bear Creek to
Quartz Creek

South Fork
Skykomish,
summer

Non-native

Wild

February to April

So. Fk. Skykomish from Barclay Creek to
Confluence with Tye and Foss Creeks
So. Fk. Skykomish River below Sunset
Falls
Beckler River
Tye River – Lower Reach
Foss River – Lower Reach
Miler River – Lower Reach
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(continued).

Species/stock

Origin

Production
type

Spawning times

Spawning habitat locations

Snohomish/
Skykomish,
winter

Native

Wild

Early march to
early to mid-June

Skykomish River
Woods Creek
No. Fk. Skykomish River
Snohomish River in the upper 4 miles
Pilchuck River from river mile 7.0 to 12.0
Skykomish River from the confluence to
Gold Bar
Wallace River from Sultan to Gold Bar
Sultan River from mouth to river mile 9
So. Fk. Skykomish (LN) River in a 1.5mile reach from Barclay Creek to Martin
Creek
Miller River, lower 2 miles
Beckler River from mouth to Rapid River
Foss River, lower 4 miles
Elwell Creek
Proctor Creek
Woods Creek
Lewis Creek (NF Skykomish)
Salmon Creek (NF Skykomish)
Carpenter Creek

Pilchuck,
winter

Native

Wild

Pilchuk River
Little Pilchuk River
Dubuque
Worthy

December 17, 1999
00293\001\final\chap6.doc

page 6-15

Table 6-3

(continued).

Species/stock

Origin

Production
type

Snoqualmie
winter

Native

Wild

Spawning times

Spawning habitat locations
Snoqualmie River from RM 5 to
Snoqualmie Falls
Cherry Creek – Lower Reach
Raging River
Tokul Creek – Lower Reach
Tolt River
No. and So, Fk. Tolt River
Snoqualmie River in 1.5-mile reach near
Carnation and in upper 5 miles below
Snoqualmie Falls
Tokul River, lower reaches – Canyon, Deep

1 Hendrick, D. WDFW. 1996 pers. comm.
2 Elrich, R. WDFW. 1996 pers. comm.
(LN) Personal Communication
Additional Source – Snohomish River Basin Work Group – Fish Mapping Project
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Table 6-4

Status and escapement data for salmon and steelhead stocks in the Snohomish
River Basin.¹

Escapement
Species/stock

Status

Goal

Years

Range

Average

5,250

1956 – 1995

1,380 - 18,120

7,165

Chinook salmon
All stocks in basin
Snohomish, summer

Depressed

1979 – 1992

361 - 2,258

988

Wallace River,
summer/fall

Healthy

1979 – 1991

200 - 2,850

1,000

Snohomish, fall

Depressed

1979 - 1991

908 - 2,635

1,700

Bridal Veil Creek, fall

Unknown

no data

no data

no data

1956 - 1995

3,990 - 100,035

20,889

Chum salmon
All stocks in basin

Even
28,000,
odd
10,300

Skykomish fall, and odd
year

Healthy

1969 - 1991

3,600 - 44,000

Skykomish fall, and even
year

Healthy

1968 - 1990

10,000 - 67,000

Snoqualmie

Unknown

no data

no data

Wallace, fall and odd
year

Healthy

1969 - 1991

290 - 7,000

Wallace, fall, and even
year

Healthy

1968 - 1990

670 - 16,000

1956 - 1995

11,300 - 157,000

57,341

no data

Coho salmon
All stocks in basin

70,000

Snohomish

Depressed

1983 - 1992

636 - 15,174

4,407

Skykomish

Healthy

1981 - 1992

833 - 19,439

9,177

South Fork Skykomish

Healthy

1967 - 1991

5,000 - 30,000

16,265

Snoqualmie

Healthy

1977 - 1992

10,183 - 56,920

28,817
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Table 6-4

(continued).

Escapement
Species/stock

Status

Goal

Years

Range

Average

Snohomish, odd year

Healthy

120,000

1959 - 1993

50,000 - 302,000

139,808

Snohomish, even year

Healthy

-----------

1980 - 1992

137 - 2,700

1,218

Pink salmon

Steelhead trout
Tolt, summer

Depressed

1990 - 1992

21 - 27

25

North Fork Skykomish,
summer

Unknown

no data

no data

no data

South Fork Skykomish,
summer

Healthy

no data

no data

no data

1981 - 1995

2,954 - 8,588

6,437

All wild winter stocks in
basin

¹

6,500

Snohomish/Skykomish,
winter

Healthy

1982 - 1992

1,297 - 4,760

3,200

Pilchuck, winter

Healthy

1981 - 1992

490 - 1,706

1,198

Snoqualmie, winter

Healthy

1982 - 1992

1,167 - 2,536

1,874

Sources: WDFW et al. 1994 (data prior to 1992); Eltrich, R., WDFW pers. comm 1996; and
Hendrick, D., WDFW, pers. comm. 1996.
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Figure 6-1

Combined escapement, average escapement, escapement goal, and natural
escapement potential data for chinook salmon stocks in the Snohomish River Basin.
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Figure 6-2

Escapement data for the Snohomish River summer chinook salmon stock in the
Snohomish River Basin.
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Figure 6-3

Escapement data for the Wallace River summer/fall chinook salmon stock in the
Snohomish River Basin.
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Figure 6-4

Escapement data for the Snohomish River fall chinook salmon stock in the
Snohomish River Basin.
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Figure 6-5

Combined escapement, average escapement, escapement goal, and natural
escapement potential data for chum salmon stocks in the Snohomish River Basin.
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Figure 6-6

Escapement and run-size data for the Skykomish River fall chum salmon stock in the
Snohomish River Basin.
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Figure 6-7

Escapement and run-size data for the Wallace River fall chum salmon stock in the
Skykomish River Basin.
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Figure 6-8

Combined escapement, average escapement, and escapement goal data for coho
salmon stocks in the Snohomish River Basin.
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Figure 6-9

Escapement data for the Snohomish River coho salmon stock in the Snohomish
River Basin.
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Figure 6-10

Escapement data for the Skykomish River coho salmon stock in the Snohomish
River Basin.
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Figure 6-11

Escapement data for the South Fork Skykomish River coho salmon stock in the
Snohomish River Basin.

December 17, 1999
00293\001\final\chap6.doc

page 6-24

60,000

Number of fish

50,000
40,000
Escapement
30,000
20,000
10,000

1991

1989

1987

1985

1983

1981

1979

1977

1975

1973

1971

1969

1967

0

Return year

Figure 6-12

Escapement data for the Snoqualmie River coho salmon stock in the Snohomish
River Basin.
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Figure 6-13

Escapement, run size, and escapement goal data for Snohomish River odd-year pink
salmon in the Snohomish River Basin.
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Figure 6-14

Escapement data for Snohomish River even-year pink salmon in the Snohomish River
Basin.
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Figure 6-15

Escapement and sport-harvest data for the Tolt River summer steelhead stock in the
Snohomish River Basin.
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Figure 6-16

Sport-harvest data for the North Fork Skykomish River summer steelhead stock in
the Snohomish River Basin.
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Figure 6-17

Run-size and sport harvest data for the South Fork Skykomish Summer Steelhead stock in the
Snohomish River Basin.
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Figure 6-18

Escapement, average escapement, escapement goal, run-size, and sport- and
Tribal-harvest data for wild winter steelhead stocks in the Snohomish River Basin.
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Figure 6-19

Escapement and sport-harvest data for the Snohomish/Skykomish rivers winter
steelhead stock in the Snohomish River Basin.
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Figure 6-20

Escapement and sport-harvest data for the Pilchuck River winter steelhead stock in the
Snohomish River Basin.
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Figure 6-21

Escapement and sport-harvest data for the Snoqualmie River winter steelhead stock in
the Snohomish River Basin.
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6.5

JUVENILE SALMONID USE OF THE MAINSTEM RIVERS IN THE
SNOHOMISH, SNOQUALMIE, AND SKYKOMISH BASINS
The mainstem Snohomish, Snoqualmie, and Skykomish rivers are used by several species of

juvenile salmonids as a thoroughfare for outmigration to estuarine environments. In addition,
mainstem habitats are used by some species for rearing and for refuge during summer low
flows. The time spent in mainstem habitat varies substantially among species, owing to
differences in their life-history strategies, as discussed previously. No quantitative studies of
juvenile salmonid use of mainstem habitats have been performed; however, unpublished
reports about the Snohomish River Basin have been compiled that reveal trends for some of the
species. A recent unpublished study documents upper and lower mainstem use by wild
juvenile salmonids in the Snohomish River Basin (Kirby 1995). Smolt trapping records and
other studies from the mainstem Skagit and Stillaguamish rivers also provide regionally
applicable data with which to qualify salmonid use of mainstem habitat in the Snohomish River
Basin (Dames & Moore 1975a, b; Nelson et al. 1997).

6.5.1 Chinook Salmon
It is generally accepted that juvenile chinook salmon spend a substantial portion of their
juvenile life history rearing in mainstem habitats of the Snohomish River Basin. However,
gross generalizations of mainstem use by this species are of limited use because the various
stocks that use the basin (i.e., hatchery, wild, and native) also have stock-specific strategies that
are not fully understood. Most chinook spawning occurs within mainstem habitats because the
optimal depths, substrata, and velocities for the species are found there. However, chinook
spawning also occurs in the larger tributaries of the Snohomish (e.g., Pilchuck River),
Snoqualmie (e.g., Tolt and Raging rivers), and Skykomish (e.g., Wallace, Beckler, Foss, and Tye
rivers), rivers especially during high-flow years.

As with all salmonids, the duration of

intragravel incubation is temperature dependent. In the Snohomish, emergence of chinook fry
from the gravel environment occurs in late winter or early spring, usually between February
and mid-March. At this time, chinook fry seek out low-velocity environments for rearing,
primarily along the margins of mainstem habitat associated with structures that provide refuge
from predation (e.g., rootwads, large boulders, side channels).
Much of the information available on juvenile chinook use of mainstem habitats specific to
the Snohomish River Basin is anecdotally based on findings from estuarine studies (Pentec

December 17, 1999
00293\001\final\chap6.doc

page 6-31

3HQWHF

Chapter 6. Fish Resources

1992, Northwest Enviro-metric Sciences 1987, Beauchamp 1986), and from personal
communications from area biologists. The unpublished Kirby (1995) study, however, provides
some insight. In that spring 1993 study, beach seining was performed in the Skykomish River
near Monroe, in the upper and lower Snohomish River, and in Ebey Slough.

Chinook

comprised 22.3 percent of the total catch and subyearlings dominated the chinook catch;
however, yearlings comprised a small, but substantial proportion (15.71 percent). Yearlings,
defined by length-frequency analysis only (i.e., greater than 100 mm), were much more
abundant during the April and May catches, and were not caught after May 26. In the earliest
of catches (April 8, 1993), yearlings comprised 45 percent of the total catch, but were completely
absent from catches from June 1 onward. Chinook were caught in generally greater numbers in
the lower Snohomish stations, and lower numbers in the upriver stations; however, not all
stations were sampled on each survey date, so direct comparisons of abundance are not
possible.
Catches from the Ebey Slough site surveyed by Kirby (1995) can be compared, at least
generally, with those documented by Pentec (1992) from the same area.

In both studies,

length-frequency histograms of chinook reflected catches made in Kirby’s upstream sites; wild
subyearlings dominated the catch and the remainder were yearlings. Pentec also observed a
similar temporal trend, in that larger wild yearlings were more abundant in the early catches.
The summer/fall Wallace River hatchery stock emigrates rapidly to estuarine environments
in the Snohomish River Basin; these smolts are captured in large quantities within 1 to 2 weeks
of their release from the hatchery (Pentec 1992). Usually, this release occurs in late June to
mid-July; thus, these hatchery fish were not sampled by Kirby during his sampling period
(April to mid-June). It should also be noted that the sampling gear used by Pentec and Kirby
biases the catch toward subyearlings because older, larger yearlings have greater escape
capacities for this method of collection, and yearlings are thought to reside more commonly
within deeper mainstem habitats where beach seining is less effective.
On the basis of the findings of Pentec (1992) and Kirby (1995), several generalizations can be
made with regard to juvenile chinook use of the Snohomish River Basin:
Wild chinook smolts emigrate from the Snohomish River Basin as subyearlings or yearlings.
Subyearlings reside in mainstem habitat for 1 to 6 months and are the most common emigrant.
Yearling residence time is usually on the order of 11 to 13 months; these fish may be the
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progeny of adults returning in the spring/summer.

Historically, 2-year-old smolts were

relatively common, but they are now extremely rare; their scarcity correlates highly with the
presumed loss of spring chinook escapement to the basin. Nonetheless, 2-year-old chinook are
thought to spend from 22 to 26 months in mainstem habitat prior to emigration. Skykomish
hatchery smolts from the WDFW facility on the Wallace River are thought to spend only a few
weeks in mainstem habitat, because hatchery emigrants have been recovered in estuary catches
within 7 days of their late June/early July release (Pentec 1992). Nearly immediate emigration
has also been observed with tagged hatchery releases from the Stillaguamish River, the closest
major basin to the north (Kirby 1995).
It is uncertain whether the wild subyearling smolts, defined by their resident strategy as
“ocean-type” emigrants (Carl and Healey 1984), are resultant from adults that return in the
summer, summer/fall, or fall (exclusively), or from a mixture of these stocks.

Yearling

“stream-type” outmigrants have been reported to originate from native stock returning in the
spring or summer (Taylor 1990).
The review of the available literature highlights several data gaps in our knowledge of
juvenile salmonid use of mainstem habitats within the Snohomish River Basin. Further genetic
identification of smolt origin would be helpful for defining the parental and stock origin of
outmigrant smolts. There is also a paucity of data on juvenile chinook use of mainstem habitats
in the upper Snoqualmie basin (below Snoqualmie falls) and in the South Fork Skykomish
basin (above Sunset Falls).

6.5.2 Coho Salmon
Coho salmon are thought to spend most of their juvenile life history rearing in low-gradient
tributaries, beaver ponds, and side channels of mainstem habitat (Bryant 1983, Chapman 1965).
Thus, use of mainstem habitat in the Snohomish River Basin for rearing has been considered
minor. However, snorkeling surveys conducted by WDFW personnel during August of 1981
identified coho presmolts rearing throughout the basin in mainstem habitats in the Skykomish,
Snoqualmie, and Snohomish rivers (Baransky, C., WDFW, pers. comm.). In that study, paired
surveyors snorkeled both banks simultaneously and documented coho presmolts in moderate
to high abundance. In the Snoqualmie River, coho abundance increased dramatically above
river mile 19, approximately 3 miles downstream from the town of Carnation. In nine reaches
above this area, an average total of 2,955 presmolts were observed over two survey dates; in the
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nine reaches surveyed below this area (down to the Snohomish confluence) only 303 presmolts
were counted.

Because visibility was reduced in the lowest reaches surveyed, a direct

comparison cannot be made; however, mainstem rearing habitat in the lower Snoqualmie has
been substantially degraded by diking and agricultural practices. Thus, these data likely reflect
the general coho abundance within this basin. In 15 reaches surveyed in the Skykomish River,
coho presmolt density was similar to that documented in the upper Snoqualmie, whereas the
density in the 10 reaches surveyed in the Snohomish River was more similar to counts recorded
from the lower Snoqualmie.

A mark-recapture estimate was performed in one of the

Skykomish index areas and confirmed the snorkeling counts.
Collectively, the WDFW data cannot be used to quantify juvenile coho use throughout the
Snohomish River Basin, or to determine whether coho rear in mainstem habitat year-round;
nonetheless, the data clearly demonstrate that mainstem habitat is used by coho during
summer low-flow periods. By-catch data from the previously described 1993 chinook study
(Kirby 1995) indicate that the mainstem habitat within the Snohomish River Basin is also used
by coho for rearing during the spring. In that study, juvenile coho accounted for 4.6 percent of
the total catch basin-wide. Nearly twice as many 1+-age coho as 0+-age coho were caught
(e.g., 88 vs. 47).

(Age 1+ refers to fish that have entered into their second year of life.)

Unfortunately, no data were provided to assess the distribution of coho throughout the basin.
Also, because the capture method was not designed to maximize coho capture, no abundance
estimates are possible from these data. Nonetheless, the capture of age 0+ coho indicates that at
least some rearing does occur in the mainstem during the spring; catches of 1+ coho are
relatively inconclusive, as these fish were likely outmigrating smolts.
Studies from the Skagit River basin revealed a similar pattern of mainstem rearing by
juvenile coho (Dames & Moore 1975a, b). In those studies, 0+ and 1+ coho juveniles were
captured by beach seine throughout the year, with the best catches (of both age classes)
occurring during August. In the fall samplings, only age 0 coho were caught, probably because
most coho yearling smolts had outmigrated, as documented in smolt studies of the
Stillaguamish basin (Nelson et al. 1997). In the early spring, Skagit catches were dominated by
1+ yearlings. When considered along with the results from WDFW snorkel surveys of the
Snoqualmie, the use of mainstem habitats by coho juveniles appears more routine rather than
unusual.

December 17, 1999
00293\001\final\chap6.doc

page 6-34

3HQWHF

Chapter 6. Fish Resources
6.5.3 Chum Salmon

Chum salmon are not thought to use mainstem habitats in the Snohomish River Basin for
rearing to a great extent. This species outmigrates within a few days to weeks of emergence,
acclimating in the lower, tidally influenced section of the basin. In beach-seining efforts in the
lower Snohomish River, chum accounted for 59.7 percent of the total salmonid catch, followed
by pink, coho, chinook, steelhead, and cutthroat (Pentec 1992). These data corroborate the
by-catch data from the 1993 chinook study (Kirby 1995); in that study, chum accounted for 40.9
percent of the total salmonid catch (excluding whitefish), second only to chinook.

6.5.4 Pink Salmon
Pink salmon use mainstem habitat for rearing to the least extent of all salmonids. Upon
emergence this species outmigrates, usually at night, entering the estuarine environment within
days of emergence, from the intragravel environment. As expected, no pink salmon were
caught as by-catch in the 1993 chinook study (Kirby 1995), but pinks were very common in the
lower Snohomish estuary catches during Pentec’s 1992 survey (22.6 percent of total salmonid
catch) and in all even-year beach-seining studies in Port Gardner (Beauchamp 1986, Dames &
Moore 1988, Pentec 1996). Because pink salmon spawn only in odd-numbered years, pink fry
are only present in even-numbered years.

6.5.5 Other Anadromous Salmonids
Mainstem habitat within the Snohomish River Basin is used for rearing by juvenile
steelhead, sea-run cutthroat, and Dolly Varden trout.

As revealed through age-frequency

analysis of presmolts and smolts captured in the mainstem Skagit River, steelhead trout reside
in fresh water through at least one winter prior to emigrating; more commonly, they will
overwinter for two or more years prior to smoltification and emigration (Dames & Moore 1975
a, b). Because juvenile steelhead have higher velocity thresholds and prefer riffle habitats,
mainstem areas are used heavily by this species for rearing. In the Tolt River, the largest
tributary to the Snoqualmie River below Snoqualmie Falls, August and September 1984 snorkel
2

surveys revealed a density of 4.74 steelhead parr/100 m ; farther downstream in the mainstem
2

Snoqualmie, the density observed was reduced to 1.04 parr/100 m . Because the mainstem
Snoqualmie below the Tolt confluence is a slow, meandering stream with a muddy bottom, the
higher density of parr found in the Tolt is understandable. For this reason, among others, one
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would also expect densities of steelhead using the mainstem Skykomish to be more similar to
that found in the Tolt rather than the mainstem Snoqualmie.
Mainstem habitat use by sea-run cutthroat is similar to that of steelhead; however, cutthroat
generally prefer lower velocities than steelhead, so they will commonly be found in tributaries,
side channels, accessible beaver ponds, and slower reaches of mainstem habitat. It is not
surprising, then, that substantial populations of sea-run cutthroat use the Snoqualmie basin
especially. For example, the catch of sea-run cutthroat from 1964 to 1978 averaged 2.33, 1.83,
and 2.25 fish/angler in Cherry, Griffin and Patterson creeks, respectively. In contrast, the
larger and higher-gradient tributaries of the Snoqualmie such as the Tolt and Raging rivers
(which support substantial steelhead populations) supported meager catches of 0.001 and 0.01
fish/angler over a slightly longer period.

Unfortunately, that dated report provides only

anecdotal speculation and summations about the sea-run status, and no population data. The
understanding of the current status of sea-run cutthroat in the Snohomish River Basin is no
better; however, the species’ habitat preferences have made it especially vulnerable to
urbanization, and populations may be at an all-time low.
The habits of Dolly Varden trout are the least understood of all salmonids using the
Snohomish River Basin. The species is believed to spawn in mainstem and major tributaries,
but whether the offspring rear in the mainstem is not known. A single juvenile (1+) Dolly
Varden was captured by Kirby (1995) in by-catch to the 1993 chinook study, but none was
captured by Pentec (1992) in extensive beach-seining efforts in the lower Snohomish River and
estuary; thus, some period of freshwater residence would appear likely for this species.

6.6

FISH USAGE OF THE SNOHOMISH ESTUARY

6.6.1 Aquatic Resources of the Snohomish Estuary
No comprehensive field investigations of the aquatic resources of the Snohomish estuary
have been conducted, but several studies of fish use in the estuary provide information to
describe its use by important species (e.g., Beauchamp 1986, Northwest Envirometric 1987,
Pentec 1992). These studies have confirmed that the estuary is used to varying degrees by
juveniles of all four species of Pacific salmon as well as juvenile anadromous steelhead and
cutthroat trout, Dolly Varden char, sculpins, starry flounder, peamouth chub, smelt, and
several other species. Stomach analyses indicate that juvenile salmon are feeding actively as
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they move through the estuary (Pentec 1991). The estuary is also known to support a large
variety of shorebirds, waterfowl, raptors, and passerine birds as well as both small and large
mammals such as deer, beaver, otter, fox, raccoon, and voles.

6.6.2 Juvenile Salmonid Use of the Estuary
Juvenile pink, chum, coho, and chinook salmon, as well as juvenile steelhead and cutthroat
trout and Dolly Varden char, migrate through the estuary during their spring and summer
outmigrations from the Snohomish River system. Use of the area is concentrated in April for
pink salmon, between mid-April and early June for chum salmon, and between May and late
June for chinook and coho salmon (Beauchamp 1986, Northwest Enviro-metric Sciences 1987,
Pentec 1992). Typical timing of movements of fish through the lower river and estuary can be
seen in the pattern of mean catch of the four species over the spring 1986 outmigration period
(Figure 6-22).
No data are available to provide a definitive estimate of the residence times of juvenile
salmon in the lower Snohomish River, but inferences can be made from available data and
literature reports from other estuaries.

6.6.2.1

Chinook Salmon

Chinook salmon smolts have been identified as highly dependent on estuarine rearing
because a high proportion of all life history types (i.e., summer, fall runs) feed and grow for a
significant time in estuaries (Healey 1982b). In 1986 beach-seine catches at the upper end of
Ebey Slough (Beauchamp 1986) and at two other stations in the middle estuary, chinook smolts
were abundant from the beginning of May to the end of June. Earlier outmigrants were
identified as yearlings (Figure 6-22) and represent the less numerous summer run; later
outmigrants were young-of-the-year and are presumed to be fall-run fish. In 1987, chinook
abundance during the outmigration was generally lower than in 1986; catch rate was low (<4
percent) from early April to the last week in May when catches increased sharply. Catch rate
remained high through June and dropped to very low levels in early July (Northwest Envirometric Sciences 1987).

December 17, 1999
00293\001\final\chap6.doc

page 6-37

100

90

Pink
Chum
Chinook

80

Mean catch per beach-seine haul (no.)

Coho
70

60

50

40

30

20

10

0
1

2

3
April

Figure 6-22

4

5

6

7

8
May

9

10

11

12
June

13

14

15

16

July

Mean weekly catch of four species of juvenile salmon from four stations between the upper end of Ebey Slough
and the mouth of Quilceda Creek. ( Source: Beauchamp 1986.)

July 15, 1998
293\001\final\figures\Fig6-22.xls

Pentec
page 6-38

3HQWHF

Chapter 6. Fish Resources

In the spring of 1992, Pentec (1992) showed that the chinook outmigration through the
estuary actually begins in late March, earlier than other studies have begun sampling. Catches
of chinook salmon in the estuary by Pentec (1992) were small, probably reflecting a relatively
limited number of outmigrants rather than a limited importance of the marshes in the lower
Snohomish River. Pentec also showed chinook smolt use of marshes and channels in the
estuary from early April through mid-May 1991, but in June most fish were found in the
channels rather than in the marshes.
Chinook smolts sampled in the lower estuary in spring and early summer 1991 (Pentec
1991) had been feeding on most of the same prey taxa as described in Section 6.6.2.3 for chum
salmon except that Corophium and cladocerans were more important. Also, chinook did not eat
harpacticoids, and at one station, stomach content was dominated by mysids, a larger
crustacean.

6.6.2.2

Coho Salmon

Coho smolts tend to move through the estuary later in the spring than do other salmon
smolts.

In 1987 catches, their numbers peaked in the Snohomish Estuary in mid-May

(Northwest Envirometric 1987).

Very few coho were caught in 1986 except in late April

(Beauchamp 1986). Coho smolts sampled in a marsh habitat on Ebey Island in April 1991 had
been feeding on springtails and dipterans (Pentec 1991). Coho in the lower Union Slough
channel in early summer 1991 had been feeding exclusively on cladocerans, while those in the
marshes had fed on a variety of insects, mites, and Corophium.
Two peaks were reported in the catches of juvenile coho salmon in the estuary by Pentec
(1992): mid- to late May and early July. Increased catches in mid- to late May resulted from
hatchery releases (4 to 6 weeks earlier) (Pentec 1992). There was no release of suitable-sized
fish preceding the early July peak in catches; the July peak might thus represent natural
production.

Typically, however, coho salmon smolts are considered one of the least

shoreline-associated of the juvenile Pacific salmon (Healey 1982b), so a rapid migration
from freshwater and estuarine systems is typically assumed. However, Pentec’s Ebey Marsh
sampling site provided habitat used by presmolt coho salmon over a 6-week period. It is
unlikely that sequential cohorts of coho salmon presmolts would have independently ended up
in this marsh, so it is likely that coho salmon presmolts resided there for up to 6 weeks. The
origin of these coho presmolts is not known but may have been hatchery releases in late
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January and March or natural production. This finding and recent data reported by Simenstad
et al. (1998) suggest a greater use of estuaries, including the Snohomish estuary, by coho than
has been reported elsewhere. The catch dropped to zero for May and most of June, rising again
to three fish per set in early July.

6.6.2.3

Chum Salmon

Chum salmon smolts are reported to spend from 1 to 4 weeks in residence in estuaries of
the Pacific Northwest, with smaller fish remaining for longer periods and larger fish moving
through more rapidly (e.g., Simenstad et al. 1982). Lack of a clear peak in catch rate of chum
salmon at the upper end of Ebey Slough in 1986 (Beauchamp 1986) made it difficult to assess
residency in that year. In general, catch per set was greater along the Port Gardner shorelines
than in the river. Generally, high catch rates in Port Gardner were seen through the first weeks
of May, but lesser numbers of chum were still being found in Port Gardner in early July when
the surveys ended. In 1991, chum catches in beach seines and fyke nets in the estuary were
fairly consistent from mid-April through the end of May but dropped off sharply by mid-June
(Pentec 1992). Of sites sampled by Pentec, relatively high numbers of chum smolts were found
inside the entrances to several marshes from Deadwater Slough near Route 2 to the railroad
crossing of lower Steamboat Slough.
Pentec (1992) estimated maximum freshwater residence (both in the river and in the
estuary) of chum salmon to be 12 to 52 days based on changes in the size of captured fish and
known growth rates for the species. The proportion of this freshwater residency spent in the
lower estuary study area cannot be estimated, but is assumed to be substantial based on
measured residency in other estuaries.

For example, residency of marked juvenile chum

salmon in the Fraser River estuary ranged up to 11 days (Levy and Northcote 1982), and
marked juvenile chum salmon residencies in the Nanaimo estuary ranged up to 3 weeks
(Healey 1979; 1982a, b).
Chum salmon taken in the Snohomish River estuary in spring and early summer of 1991
had been feeding on a variety of small crustaceans and insects (Pentec 1991). Harpacticoid
copepods were the most important prey in both the channels and marshes in April, but
dipteran insects were more important overall in early summer sampling.

Several insects

(mayflies, dipterans, and springtails) were also important in the marshes in both sampling
periods. Gammarid amphipods (Eogammarus, Corophium) and harpacticoids were also very
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important prey for chum salmon in the river channels in April; insects, cladocerans and
harpacticoids were important prey in the channels in early summer.

6.6.2.4

Pink Salmon

Pink salmon smolts move through the estuary in even years only, following odd-year
spawning by adults. At the head of the estuary, where Ebey Slough splits from the Snohomish
River, pink salmon catches in beach-seine surveys (Beauchamp 1986) showed a sharp peak in
mid- to late April 1986. The catches at this location dropped rapidly and reached zero by
mid-May. Catches at stations lower in the estuary peaked about a week later on average,
suggesting that a group of fish might spend at least several days in transit through the last
8 miles of the river before entering Port Gardner. In one sampling in late March 1992, Pentec
(1992) captured large numbers of pink smolts, suggesting that outmigrations were well
underway at the time of the initiation of the 1986 surveys.

6.6.2.5

Other Anadromous Salmonids

Limited numbers of steelhead and cutthroat trout smolts were also taken in estuary marshes
by Pentec (1992), primarily from mid-April through early July. Fewer fish of these species were
captured than of the three species of salmon described previously, but this may be in part due
to reduced vulnerability of the larger steelhead and cutthroat smolts to the sampling gear used.

6.6.2.6

Other Aquatic Species

Several other species of fish and shellfish use habitats in the Snohomish estuary for feeding
and reproduction.

In addition to the salmonids taken in the Port of Everett-sponsored

sampling in 1991, Pentec (1992) reported large numbers of starry flounder and peamouth chub
and lesser numbers of Pacific staghorn sculpin, threespine stickelback, shiner surf perch, and
surf smelt. Crab-trap, diver, and trawl surveys in the main river channel captured juvenile
Dungeness crab as far upriver as Langus Riverfront Park (Pentec 1996a). Soft-shelled clams
(Mya arenaria) have also been found in mud banks along the lower reaches of the main
distributary channels. Both crab and clam densities were low.
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6.7

RESIDENT SALMONIDS
Resident salmonids using the Snohomish River Basin include cutthroat trout, rainbow trout,

brook trout, and, historically, bull trout. The resident salmonid niche within the anadromous
zone is dominated by cutthroat trout. Above anadromous barriers, resident populations of all
species may be found (Beauchamp 1985, Dames & Moore 1986).

Proportional species

abundance depends on habitat preferences of the salmonids. For example, there was clear
resource partitioning between brook trout, rainbow trout, and cutthroat trout in distinct reaches
of Deep Creek, a tributary to the North Fork Snoqualmie River (Dames & Moore 1986). Brook
trout were found in high abundance (1,274 fish/mi ± 4,234) within the deep and slow
headwaters of Deep Creek; within this reach both cutthroat and rainbow were captured, but in
such low abundance that population estimates were not possible. In the lower reaches of Deep
Creek, the habitat shifted from the open canopy, low-gradient, and gravel-mud substrate found
where brook trout dominated, to a moderate-gradient, shallow, highly shaded stream with
cobble substrate where rainbow trout dominated (480 ± 472 rainbow trout/mile, vs. 299 ± 294
brook trout/mile).
The introduction of eastern brook trout above Snoqualmie Falls is thought partly
responsible for the displacement of bull trout. However, historical accounts are scanty for bull
trout in either the Snoqualmie, Skykomish, or Snohomish River Basins. Direct competition
between brook trout and cutthroat trout is also likely, and may be responsible for the
displacement of cutthroat from habitat otherwise suitable for the species (e.g., upper Deep
Creek).

6.8

OTHER RESIDENT FISH USAGE
Smallmouth bass, largemouth bass, bluegill, green sunfish, mountain whitefish, longnose

dace and the Olympic mud-minnow may also be found in mainstem habitats of the Snohomish
River Basin. Warm-water fish such as the bass and panfish are relatively more abundant in the
Snoqualmie Basin, as this river’s lower basin is contiguous with numerous oxbows and
backwater areas that provide good rearing potential and refuge for these species.
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7.0 FISH HABITAT CONDITIONS

This chapter assesses some of the factors, other than water quality, affecting fish habitat
conditions in the Snohomish River Basin.

Specifically, this chapter addresses low-flow

conditions, riparian conditions, and channel modifications (dikes, levees, and bank hardening).
In the areas outside of the timber production zone, these factors were considered to have the
most relevance to fish habitat conditions and to watershed management decisions. Most of the
analysis is focused on mainstem rivers (see the geographic scope of analysis section in the
Introduction chapter).

Little quantitative analysis is applied to small fish-bearing streams

(Type 3 under Washington DNR), and none was done on estuarine conditions.

7.1

LOW FLOWS
Water discharge rate and temperature play a large role in survival of coho during their

freshwater life-history phases, and temperature itself is partly dependent on flow (Groot and
Margolis 1991). Smoker (1953) and Neave (1948 and 1949) analyzed catch data for coho during
a period of consistent records and catch techniques and compared them to annual runoff
2 years prior to the catch, when the adults were juveniles in fresh water. Their results clearly
demonstrated that coho catches increased with increasing annual flow (2 years prior). A graph
of Smoker’s results is shown in Figure 7-1. These results demonstrate that coho productivity in
western Washington streams is partially limited by flow conditions.

(See Chapter 9 for

discussion of other factors limiting productivity.) The physical reasons for the relationship
between summer flow and productivity are that low summer flows reduce the amount of
rearing habitat, cause stranding in pools, increase vulnerability to predators, and reduce the
thermal resistance to daytime heating of the water column (Cederholm and Scarlett 1981).
The Initial Watershed Assessment (PGG 1995) included analysis of annual streamflow
trends in the Snohomish River Basin with respect to annual precipitation at Snoqualmie Falls.
The findings are summarized as follows:
Analysis of total annual streamflow at seven gauges within the WRIA showed declining
streamflow (normalized to precipitation) on the Snohomish, Snoqualmie, and Tolt Rivers.
Normalized streamflow trends could reflect changes due to land-use activities or water
withdrawals. The apparent streamflow declines are too large to be explained by allocated
withdrawals alone, and may be partly related to limitations inherent in the analysis. The
data show considerable scatter, and conclusions should be drawn with caution.
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Figure 7-1 Relationship of coho catch to mean annual flow 2 years before catch.
(From Smoker 1953.)
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While PGG was careful to point out the possible errors and inadequacies of its assessment,
its conclusion still raises potential concerns about flow conditions in the basin.
To further investigate low-flow conditions in the basin, we conducted several new
assessments. Basic statistics describing the frequency of low-flow events have been collected,
and low-flow trends have been compared between gauges that are and are not affected by
water withdrawals (Section 7.1.1 through 7.1.4). Trends in annual flows and low flows have
been analyzed for all the long-term flow records in the basin using the methods of Kresch
(1994) (Section 7.1.5).

A critique by University of Washington hydrology professor Steve

Burges of the low-flow analysis presented in the Initial Watershed Assessment is summarized
in Section 7.1.6. Finally, effects of land management on low flows are discussed in Section 7.1.7.
With these assessments, this chapter will attempt to shed more light on the following five
questions:
(1) What are the natural low-flow characteristics of rivers and streams in the basin?
(2) How were the state instream flow requirements established and what are their
implications?
(3) Can low-flow statistics of ungauged streams be reliably estimated?
(4) Are there trends in low flows, and if so, are these trends caused by human activities?
(5) What is the relevance of low flows to fish productivity?

As listed in the Initial Watershed Analysis (PGG 1995), the USGS has operated 65
streamflow gauges within the Snohomish River Basin. Many of the gauge records are too
limited to allow meaningful analysis and interpretation of their flow statistics. Our analysis has
focused on 14 gauges (Figure 7-2), summarized in Table 7-1, that have long enough records to
be informative. As is typical in hydrologic assessments, this analysis has been hampered by the
small number of long-term gauge records. A particular problem is the lack of a long-term
gauge records on the Pilchuck River, the only major tributary in the basin with substantial
low-flow reductions caused by current water withdrawals.
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Figure 7-2 Snohomish River Basin showing stream gauge locations.
Refer to Table 7-1 for stream gauge names.
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Table 7-1

Long-term gauge records of unmanaged streams in the Snohomish River Basin.

Gauge name

Gauge
number

Basin
area (mi²)

Period of record

Quilceda Creek near Marysville, WA

12157000

15

1947-1969

Snohomish River at Snohomish, WA

12155500

1,720

1941-1966

Snohomish River near Monroe, WA

12150800

1,537

1963-1994

Skykomish River at Monroe, WA

12141100

Skykomish River at Gold Bar, WA

12134500

535

1928-1994

South Fork Skykomish River near Index, WA

12133000

355

1896-1982

Snoqualmie River near Carnation, WA

12149000

603

1929-1993

North Fork Tolt River near Carnation, WA

12147500

39.9

1953-1994

Raging River near Fall City, WA

12145500

30.6

1949-1993

Snoqualmie River near Snoqualmie, WA

12144500

375

1941-1966

North Fork Snoqualmie River
near Snoqualmie Falls, WA

12142000

64

1930-1994

South Fork Snoqualmie River at North Bend, WA

12144000

81.7

1909-1994

Middle Fork Snoqualmie River near Tanner, WA

12141300

154

1960-1994

South Fork Snoqualmie River above Alice Creek near 12143400
Gracia, WA

41.6

1960-1994
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7.1.1 Low-Flow Characterization
PGG (1995) demonstrated that instream flow requirements are not met due to natural
climatic and hydrologic conditions for 70 to 121 days per year in the river segments of the
gauges analyzed.

The only gauged river segments that consistently met their low-flow

requirements were on the Sultan River. Operational procedures of the Henry M. Jackson
Hydroelectric Project for the Sultan River water supply system have actually improved summer
flow conditions and significantly decreased the number of days in which flow targets are not
met.
Figures 7-3 and 7-4 show histograms of August mean flows and annual 7-day low flows,
respectively, for 12 gauges (data were insufficient for the remaining two gauges [Snohomish
River at Snohomish and Skykomish River at Monroe]) in the Snohomish River Basin. Four of
these gauges, Snohomish near Monroe, South Fork Skykomish near Index, Snoqualmie near
Carnation, and Snoqualmie near Snoqualmie, have instream flow requirements. At all four the
August instream flow requirement exceeds both the average and the median 7-day low flow,
meaning that in more than 50 percent of all years the 7-day low flow is less than the instream
flow requirement for the dry season. Importantly, minimal water withdrawals are taken from
South Fork Skykomish and the mainstem Snoqualmie near Snoqualmie, upstream of their
gauges. Therefore, these low flows occur naturally.
The western Washington climate produces summer flows in rivers and streams that are too
low to provide optimal habitat conditions for fish. The monthly precipitation record at the
Snoqualmie Falls precipitation gauge (Figure 7-5) shows that most precipitation falls between
October and March, and that very little rainfall occurs in June, July, August, or September. The
Cascade Mountains and foothills cannot store much water, so the groundwater flow to
headwater streams is low in the summer. Low summer precipitation combined with low
groundwater flow to streams means there is typically very little water in the summer to fill the
wide channels created by high winter flows and the high sediment loads typical of rivers in this
system. Summer low flows are therefore a natural limiting factor for fish populations in many
rivers and streams of the Snohomish River Basin. This characterization does not apply to some
low-gradient streams such as much of the mainstem Snoqualmie and lower Patterson and
Woods creeks, which have relatively low width-to-depth ratios.
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Figure 7-3 Histograms of August mean flows at 12 gauges in the Snohomish River Basin.
The values have been normalized by dividing each value by the area above each stream gauge site.
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Figure 7-3 (continued)
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Figure 7-3 (continued)
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Figure 7-3 (continued).
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Average monthly precipitation at Snoqualmie Falls, Washington.
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7.1.2 Instream Flow Requirements

The State of Washington has set instream flow requirements (Washington Administrative
Code [WAC] 173-507) to prevent water withdrawals during periods when flows may not be
adequate to support fish, wildlife, water quality, navigation, aesthetics, or recreation. For each
river or stream, the requirements may vary seasonally or monthly. The methodology for
establishing the instream flow requirements explains why these flow requirements can and do
exceed the mean and median 7-day low flows as described in Section 7.1.1. The low-flow
requirements are set to a monthly flow duration percentage, typically in the range of 71 to 74
percent. So, for each month in question, the requirement is set at the flow that is exceeded 71 to
74 percent of the time under natural conditions during that month. Under natural conditions,
this flow will therefore not be met 26 to 29 percent of the time. The most stringent flow
duration requirements apply to the months of August and September, when the lowest flows
typically occur. To determine the duration percentage for each river, a multidisciplinary panel
was asked to rate the quality of each river or stream for six categories: wildlife, fish, aesthetics,
navigation, recreation, and water quality standards. Rivers with higher rankings received more
protection. The flow duration requirements for August and September could potentially range
from 95 percent for a river with the lowest possible quality ranking to 60 percent for a river
with the highest possible quality ranking occur (Ecology 1979a, b).
When flows drop below the instream flow requirement, WAC 173-507 states that water
diversions cease, in reverse order of water-right seniority, until flows again exceed the instream
flow requirement. Because August and September flows often drop below these requirements
under natural conditions, this regulation means that withdrawals in excess of instream flows
set by rule must halt temporarily in most years unless the diversion system can augment
streamflows in some way, such as releasing flows from a reservoir.
No habitat modeling was conducted to determine the instream flow requirements for the
rivers of the Snohomish River Basin. Only a subjective evaluation of relative fish habitat
quality was incorporated by index into the determination of the flow requirements. Therefore,
the WAC requirements may be in excess or may be below the productivity-limiting flow as
determined by hydraulic modeling of habitat.

As time or budget allows, it would be

worthwhile to conduct or apply such modeling to better define appropriate instream flow
requirements every 5 years. WAC 173-500-080 specifically allows for review of the instream
flow requirements.
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7.1.3 Estimation of Low-Flow Statistics for Ungauged Streams
Many of the stream and river segments in the basin are ungauged, so there is no flow
information with which to estimate low-flow statistics for these streams. We developed a
methodology for estimating low-flow statistics for ungauged streams based on easily
determined basin characteristics.

While previous research (Chang and Stenson 1990) has

indicated that low-flow prediction models perform poorly, this assessment found a strong
relationship between summer low flows and the mean annual flow volume determined by
multiplying basin area by the difference between annual average basin precipitation and the
regional estimate of evapotranspiration (23 inches per year). The median 7-day low flow, the
mean August flow, and the 90 percent exceedance flow for 15 stream and river gauges were
plotted against the estimated annual flow volume for these basins, as shown in Figure 7-6 (data
is presented in Table 7-2).

The data show a very strong linear relationship between the

low-flow statistics and the estimated annual flow volume. These data come from streams of
different sizes and characteristics, and the data relationships indicate merely that mean summer
low flows and mean annual flows closely correlate in this climate. Summer low flows appear
to be a constant fraction of mean annual flows. It appears that this relationship can be used to
estimate low-flow statistics for ungauged streams. Another method to estimate low flows at
ungauged streams is described in Section 7.1.5.
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Table 7-2

Low-flow data for various gauges in the Snohomish River Basin.

Gauge
number

Area
( mi²)

Mean
annual flow
(cfs)

August
(cfs)

September
(cfs)

Lowest
7-day
(cfs)

Median
7-day
(cfs)

Skykomish at Gold Bar

12134500

535

3,896

1,362

1,358

310

615

Wallace at Gold Bar

12135000

18.6

167

Middle Fork Snoqualmie 12141300

154

1,220

424

509

92

182

North Fork Snoqualmie

12142000

64

494

132

214

34

68

S.F. Snoqualmie
above Alice Creek

12143400

41.6

296

72

90

20

37

So. Fk. Snoqualmie at
Edgewick

12143600

65.9

472

105

110

42

Snoqualmie near
North Bend

12144000

81.7

540

170

172

66

101

Snoqualmie near
Snoqualmie

12144500

375

2,569

872

1147

274

443

Raging River

12145500

30.6

131

20

34

4.9

12

North Fork Tolt

12147500

39.9

353

114

161

34

60

Snoqualmie near
Carnation

12149000

603

3,703

1,098

1,394

359

604

Pilchuck River

12155300

127

364

90.5

106

47

So. Fk. Tolt above
reservoir

12147600
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7.1.4 Comparison of 7-day Low Flows between Gauges With and Without
Upstream Water Withdrawal
Several of the long-term stream gauges in the Snohomish River Basin are downstream of
drainage basins in which no water withdrawal or insignificant water withdrawal (water is
withdrawn for dispersed rural residential use and consumptive use amounts to less than
0.01 percent of streamflow) has occurred. Thus, these gauges can be used as baselines for
assessing flow trends in streams from which water is withdrawn. Assuming two different
streams experience similar climate influences and assuming that neither stream is subjected to
management influences that alter hydrology, then the differences between the streams or the
ratios of flow statistics at each stream should not change with time. Variability is expected
from year to year, but the time series of differences should not exhibit consistent upward or
downward trends. If the time series does show a trend, this indicates that human management
is influencing flows at one gauge or the other.
We performed an analysis to explore PGG’s (1995) conclusion that summer flows were
diminishing at certain gauges, and to ascertain whether management has influenced 7-day
low-flow trends. In this study, three gauges with upstream management influences (i.e., either
water withdrawals or substantial changes in land conditions) have been compared to six
gauges with no water withdrawals and little total change in land condition, as follows:
•

gauges with upstream withdrawals or significant changes in land cover: Snoqualmie
near Carnation, Raging River, and Snoqualmie near Snoqualmie.

•

control gauges with no upstream withdrawals: Skykomish near Gold Bar, South Fork
Skykomish near Index, South Fork Snoqualmie above Alice Creek, North Fork
Snoqualmie near Snoqualmie Falls, Middle Fork Snoqualmie near Tanner, and South
Fork Snoqualmie near North Bend

To determine if further statistical analysis would be needed, consistent trends were sought
from visual inspection of the graphs resulting from the comparisons.
The results of this study are shown in Figures 7-7a through 7-7c. The periods of common
record vary among the gauges, so the time axis differs among the graphs. This assessment was
hampered by data inadequacy.
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Snoqualmie or on the lower Skykomish against control gauge data would be helpful, but no
gauges exist on the lower portions of these rivers. Gauge data for the Snohomish at Monroe
has not been analyzed because there are no control gauges that are appropriate for comparison
with such a large river that drains wide valleys with significant groundwater connections. In
addition, timber harvest may affect low-flow conditions in the control gauges, as discussed
below for the Raging River. No historical timber harvest data is available to separate timber
harvest effects.
The Raging River consistently shows a period of increasing 7-day low flows relative to the
control gauges between about 1984 and 1988 (Figure 7-7a). Data prior to 1982 show no clear
trend, and the data from 1988 to 1992 indicate that 7-day low flows in the Raging River were
decreasing back to their pre-1983 levels. The increasing low-flow period from 1984 to 1988
corresponds with intensive clearcut logging (King County Surface Water Management 1990) of
the Raging River Basin. This clearcutting apparently increased summer low flows temporarily.
The effects of the logging are disappearing as trees regenerate. This result is consistent with the
literature review on clearcut logging’s effect on summer flows (Section 7.1.5).
The 7-day low flows at the Snoqualmie at Carnation gauge (Figure 7-7b) show no particular
trend relative to the control gauges. The comparison with the Skykomish at Gold Bar gauge
indicates that 7-day low flows in the Snoqualmie decreased from the mid-1930s to the
mid-1950s and increased in the late 1970s and 1980s. This observation does not fit well with the
other observations.

Of the analyzed gauges, the Snoqualmie at Carnation gauge has the

greatest amount of upstream withdrawal; the cities of North Bend, Snoqualmie, and Fall City
all extract well and spring water from the basin above this gauge.
When compared across all six control gauges, the results for the Snoqualmie near
Snoqualmie are not very clear. The Skykomish gauges and the North Fork Snoqualmie gauge
indicate that 7-day low flows in the Snoqualmie near Snoqualmie increased slightly from the
early 1960s to about 1980 and either leveled off or decreased from 1986 to 1992 (Figure 7-7c)
The South and Middle Fork Snoqualmie gauges do not corroborate these trends very well,
although five of the six control gauges indicate that the 1991 to 1993 7-day low flows at the
Snoqualmie near Snoqualmie gauge were extremely low.
The fact that no trend exists between a managed stream and a control stream does not mean
that water withdrawal or land use is not affecting the managed stream; it only means that the
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magnitude of management effects are not changing. For example, historic and current water
withdrawals may have diminished 7-day low flows at the Snoqualmie at Carnation gauge, but
the lack of a trend in these flows compared to a control gauge indicates that the magnitude of
the withdrawal has not changed over the period of record.

7.1.5 Low-Flow Estimation and Flow Trend Analysis Using the
Kresch (1994) Methodology
Kresch (1994) analyzed 55 streamflow and 38 precipitation stations in Washington to
identify temporal trends in annual flows and precipitation, to define geographic regions of flow
and climatic similarity, to develop an index of water availability, and to develop a method for
estimating low flows in ungauged streams.

Kresch defined three regions of streamflow

similarity: northwest Washington, northeast Washington, and southwest Washington. The
Snohomish River Basin is within the northwest Washington streamflow region, and all the flow
data analyzed here are consistent with Kresch’s findings for rivers in this area.
Regional regression equations have been developed by the USGS to estimate peak stream
discharge for ungauged streams (Cummans et al. 1975). The regional regression equations
estimate peak stream discharge using basin area, annual precipitation, and percentage of the
basin in forest cover as independent variables. A similar technique to estimate the magnitude
and duration of low streamflows using easily obtained independent variables has not existed.
The estimation of low flows is also complicated because past research has indicated no usable
relationship between basin area and the magnitude of a low-flow event (Chang and Stenson
1990).
Kresch (1994) developed a technique for estimating low streamflows at an ungauged site,
but this method does not yield a general equation using easily obtained independent variables.
The Kresch method uses the statistical analysis of mean daily streamflow statistics to yield an
equation that can be applied to a specific location. Furthermore, the stream gauge records used
for the Kresch method need to be of sufficient length to damp out short-duration climate
variations.
We applied Kresch’s methods to 11 gauges in the Snohomish River Basin (Table 7-1, except
Snohomish at Snohomish, Skykomish at Monroe, and South Fork Snoqualmie at North Bend).
The analysis identified periods of low and high annual streamflows that were consistent among
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gauges in the basin and consistent with flow patterns throughout northwest Washington (cf.
Kresch 1994). In addition, the methods were modified to inspect only August and September
flows. Again, the periods of low and high summer flows were consistent among gauges in the
basin. Statistics for estimating low flows for an ungauged location using Kresch’s methodology
were developed. A brief description of the Kresch (1994) technique follows.

7.1.5.1

Data Requirement

The Kresch (1994) low-flow analysis uses mean daily discharge values from several
locations to identify trends in flows and develop a regression equation to estimate low flows.
The discharge that is recorded needs to be complete, so all data gaps need to be filled; any
standard data extrapolation technique can be used. Linear regression between two gauges with
overlapping records and similar characteristics was used to fill data gaps for the Snohomish
River Basin analysis.

A minimum of 10 years of record overlap was used for each data

extrapolation.
The Kresch (1994) methodology relies on overlapping stream gauge records. The period of
overlap, termed the base period, needs to be long enough to approximate long-term average
conditions. The start date, end date, and duration of each base period is dependent on the start
date, end date, and duration of the gauges chosen for the analysis. The base period also can be
chosen to analyze specific climatic trends or specific land-use changes in the study basin.

7.1.5.2

Data Manipulation

Mean daily stream discharge data for 11 sites were obtained directly from the USGS Water
Resources Database. The portion of each record with data gaps less than 12 calendar months
were retained for analysis. The remaining data gaps were closed using the technique described
in the previous section.
The mean daily discharges were totaled for each month and divided by the number of days
in that month. This step was completed for the entire data set and for August and September.
The August and September data have been analyzed separately so that data trends during the
late summer months can be discerned.
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The monthly averages were then averaged for the entire record. The average from the
entire record was then subtracted from the monthly averages to yield the departure from the
monthly mean.
After the departure from the monthly mean discharges was calculated, the cumulative
departure from the mean was determined. These data are plotted in Figures 7-8a through 7-8l.
This is the first step in which the base period needs to be considered. The start date, end date,
and duration of the base period influence the magnitude of each data point and the shape of the
overall curve. Choice of the base period will not, however, affect the determination of upward
or downward trends in streamflows. Only the trend, not the absolute values, of the rescaled
cumulative departures is important for this analysis.

Because we are not developing a

regression equation for an ungauged site, we have determined the cumulative departure for the
entire record of each gauge used in this analysis.
The cumulative departure from the mean monthly discharge can be used to define
streamflow trends. A negative slope to the cumulative departure curve indicates years of
decreasing streamflow, and a positive slope indicates years of increasing streamflow. The
August and September plots in each figure illustrate flow conditions during the late summer, so
the years with the lowest streamflows are more easily defined.
The cumulative departure from the mean monthly discharge values are normalized, or
rescaled, by dividing each value by the standard deviation of the cumulative departure data
set. The normalization of the data removes variables such as basin area, local geology, and
precipitation from direct consideration. Plots of the rescaled cumulative departures from the
mean have the same form as the cumulative departure plots.

Therefore, the rescaled

cumulative departure curves can be interpreted in the same manner as the cumulative
departure curves.
Before developing low-flow regression equation, it is important to determine that the
gauges used for each analysis are responding to the same climatic trends. Kresch (1994) used
cluster analysis to group gauges in his study. We have not conducted a cluster analysis on the
Snohomish River Basin stream gauge records; however, the cluster analysis done by Kresch
(1994) places all of the Snohomish River Basin in the same cluster, and the current analysis
showed flow trends that mirrored those for rivers in the northwest Washington cluster defined
by Kresch. Thus, the gauges used in our analysis were influenced by the same climatic trends.
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Figure 7-8a Cumulative and rescaled cumulative departure from mean discharge—Quilceda Creek.
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Cumulative and rescaled cumulative departure from mean discharge—Snohomish River near Monroe, Washington.
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Cumulative and rescaled cumulative departure from mean discharge—Skykomish River near Gold Bar, Washington.
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Cumulative and rescaled cumulative departure from mean discharge—Skykomish River near Index, Washington.
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Figure 7-8e

Cumulative and rescaled cumulative departure from mean discharge—Snoqualmie River near Carnation, Washington.
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Cumulative and rescaled cumulative departure from mean discharge—North Fork Snoqualmie River near Snoqualmie Falls, Washington.
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Cumulative and rescaled cumulative departure from mean discharge—South Fork Snoqualmie River at North Bend, Washington.
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Cumulative and rescaled cumulative departure from mean discharge—Middle Fork Snoqualmie River near Tanner, Washington.
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Cumulative and rescaled cumulative departure from mean discharge—South Fork Snoqualmie River above Alice Creek near Garcia, Washington.
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Results of Flow-Trend Analysis Using Kresch Methodology

The results of the trend analysis are extremely consistent between gauges, and the August
and September flow trends are smoother and less variable than the annual flow trends. For the
August and September flows, the results show an extended period of above-normal flows from
the mid-1940s to about 1980. Since 1980, low flows have been consistently lower than the norm
for the record. These results are consistent for all gauges, both managed and unmanaged. The
annual flow results are more variable than the summer flow results, but they are still very
consistent among gauges. In general, the annual flow trends also show a relatively high-flow
period from the 1940s to the late 1970s, and lower flows from 1980 to the present.

7.1.6 Critique of Initial Watershed Assessment Low-Flow Findings
Dr. Steve Burges of the University of Washington analyzed for the City of Everett, the
low-flow analysis presented in the Initial Watershed Assessment (PGG 1995), and he concluded
that the interpretation of declining water availability in the basin was questionable. Burges
noted several problems with the previous analysis by PGG (1995). Firstly, relating runoff at
several gauges to precipitation at the Snoqualmie Falls gauge is inappropriate for two reasons:
the high geographic variability in precipitation in the basin, and the noise in the relationship
between precipitation and runoff caused by changes in groundwater and soil moisture storage
from year to year. (Although not pointed out by Burges, the current analysis has also shown
that summer flow in this basin is strongly influenced by snowmelt from the Cascade Range
snowpack, and the gauge at Snoqualmie Falls does not account for the importance of snow.)
Secondly, Burges stressed that the annual precipitation and runoff must be assessed on a
water-year basis (i.e., October 1 to September 30) and not on the calendar-year basis used in the
Initial Watershed Analysis. Thirdly, Burges pointed out annual flow trends in unmanaged
streams (as evidenced by the South Fork Skykomish at Index) feature poorly understood,
climatic-driven variability, and that short-term trends should not be extrapolated imprudently.

7.1.7 Effects of Land Management on Low Flows
7.1.7.1

Timber Management

Timber management affects the hydrological cycle by removing vegetation. Timber harvest
has been found to increase water yields by reducing evapotranspiration (Rothacher 1970, Harr
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et al. 1982); however, a large portion of a basin needs to be harvested before an effect is noted
(Rothacher 1970). Complete timber harvest of a basin is not required to alter the water yield;
conversion of a hardwood forest to a white pine forest over a 25-year period resulted in a
10-inch decrease in the total annual runoff.

This change is attributed to continued

evapotranspiration under the conifers during the winter months. The type of conifer and
meadow vegetation also influences water yield. Water yield is lower under a canopy of larch
or Douglas fir than under a canopy of fir, spruce, lodgepole pine, or ponderosa pine; mountain
meadows also yield less water.
Harr et al. (1982) determined that, in absolute terms, the largest increases in streamflows
occur during winter months and the largest proportional increases in streamflows occur during
the drier summer months (Harr et al. 1982). Thus, timber harvest results in fewer days when
instream flow targets are not met during the summer (Harr et al. 1982). The effect of reduced
evapotranspiration following canopy removal was found to be short-lived (4 years in Harr’s
study [1982] because of vegetation regrowth).
There is anecdotal evidence that timber harvest increases the number of summer low-flow
days, but, as noted previously, research has proven that timber harvest increases water yields
and summer flows. If casual observers notice lower summer flows following timber harvest,
channel aggradation rather than reduced runoff is the likely reason.

Increased sediment

deposition in the channel can decrease the surface flow in the channel by increasing the
subsurface flow through the new channel deposits. Therefore, the increase in the number of
problem low-flow days could be a consequence of sediment deposition and not reduced water
yield.

7.1.7.2

Land Development

Very few rigorous studies of the effects of land development on summer low flows exist,
but the results of development are predictable based on knowledge of rainfall/runoff
processes. The soil compaction associated with land clearing and landscaping and the covering
of ground with impervious surfaces reduces infiltration rates, thereby increasing storm flows
but reducing recharge to groundwater.

Development, therefore, alters the entire seasonal

distribution of flows and reduces summer low flows. The impacts of development vary with
the intensity of development and with characteristics of the underlying soils as well as with
stormwater management techniques.
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(tributaries to the Pilchuck River), Cherry Creek, Harris Creek, Tuck Creek, and the many forks
of French Creek, are especially susceptible to low-flow reductions caused by development.

7.1.8

Critical Periods for Flow Reductions

This report has discussed low flows in terms of “summer low-flows,” mean August and
September flows, and 7-day low-flows, but water managers seek more guidance on what is the
critical time period for which flows should be managed. Unfortunately, there is no data with
which to answer this question. Conceptually, setting instream flow targets for different periods
in salmon life histories makes sense, but setting appropriate targets requires modeling habitat
at various flows and comparing that habitat to expected juvenile population densities.
Anytime summer flows drop below the flow necessary to provide sufficient habitat and cool
water for the summer juvenile population, reduced growth rates are likely to result.
Depending on how long or by how much flow targets are not achieved, some mortality may
result. Information presented in this report indicates that current instream flow requirements
should be re-evaluated, and efforts need to be made to define appropriate instream flow levels.
Furthermore, instream flows should be regulated as “targets,” not “requirements,” because
natural climatic conditions can make it impossible to achieve desirable flow levels without the
aid of water stored in a large reservoir.
This report has focused on summer flows because this is the time when low-flow conditions
are most likely to impact salmonid populations; however, low flows can be detrimental at other
times as well. Some critical functions can be affected by a relatively short-duration low-flow
event in the fall; e.g. low water after spawning can expose redds to heat or desiccation, and low
flows in small streams in winter can cause intragravel ice formation which leads to egg
mortality. In any case, efforts should be made to set appropriate flow targets during each phase
of salmonid life histories.

7.1.9 Summary of Low-Flow Analysis
Our analysis of low flows confirms that the rivers and streams of the basin naturally
experience very low flows during the months of August and September. These low flows limit
the rearing habitat for certain species, specifically coho, steelhead, and summer chinook. The
analyses show no reason why Smoker’s (1953) results would not apply to this river system, and
therefore, artificial reductions in streamflows are likely to have negative impacts on
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productivity. The sensitivity of habitat conditions varies by river and stream, however, and
more specific modeling is necessary to assess critical flows for the larger streams. The statistical
analysis of flows does not show that human water withdrawals have worsened this condition
in the larger rivers at this time. This conclusion must be tempered by two factors: that
insufficient long-term flow data are available for analyzing flows in all streams where water
withdrawals occur, and that this assessment does not shed light on changes in flows in small
streams. This assessment must be coupled with data on water withdrawals (Chapter 8) and
typical flow conditions to make general findings.
Analysis of water withdrawals, reservoir management practices, and flow conditions
indicates that current water withdrawals are not perceptibly or significantly impacting summer
low-flow conditions in any of the large rivers in the basin except the Pilchuck River. Annual
withdrawals from the basin are only 2.3 to 2.6 percent of the mean annual flow in the
Snohomish River. Due to operations of the reservoir systems, summer reductions in low flows
are below 1 percent. Smaller streams, like Cherry Creek, Little Pilchuck, and Patterson Creek,
are far more susceptible to flow reductions from dispersed rural withdrawals, however, and
this analysis was too broad to shed light on these small streams.
In the Pilchuck River, however, a surface diversion of 5 cfs for the City of Snohomish can
reduce summer low flows by 10 to 20 percent depending on location in the river. The median
7-day low flow at the mouth of the Pilchuck River is 72 cfs, and the lowest 7-day low flow was
49 cfs. At river mile 23, where the diversion occurs, the median 7-day low flow is estimated to
be about 35 to 40 cfs, and the low flow would be approximately 25 cfs. Withdrawals by the City
of Snohomish alone can take 10 to 20 percent of the summer low flow from the river. Until
1994, groundwater withdrawals by the City of Granite Falls also reduced flows in the Pilchuck
River. In 1994, Granite Falls hooked up to the City of Everett water supply system because of
natural arsenic contamination of the city’s wells. This reduction in groundwater withdrawals
may improve flow conditions in the Pilchuck River, but the withdrawal by the City of
Snohomish is still significant.
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RIPARIAN AND CHANNEL CONDITIONS

7.2.1 Importance of Riparian Conditions
Riparian habitat is the habitat adjacent to and influenced by rivers and streams. It is
generally characterized by an overstory of deciduous or mixed coniferous and deciduous trees,
with a dense, shrubby understory. Riparian habitats add necessary diversity and structure to
the extensive conifer forests typical of the Cascade Range and foothills. Riparian habitats are
used heavily for forage, cover, nesting, and travel corridors by terrestrial animal species. In
addition, riparian habitats influence the temperature, structure, and nutrient regime of the
aquatic habitats in rivers and streams.
Riparian vegetation affects the quality of fish habitat in a variety of ways:
1. It provides woody debris, which forms and enhances salmonid habitat.
•

Woody debris that falls into channels creates pools due to the scouring effect of
water flowing over and around the debris during high flows.

•

Woody debris jams initiate the formation of side channels and sometimes help
create meanders in rivers.

•

Woody debris that falls into channels provides cover for both adult and juvenile
salmonids. Salmonids strongly prefer to spawn and rear near cover under which
they can hide to avoid predators.

2. Trees in the riparian zone provide shade and thereby reduce summer water
temperatures in rivers and streams. The importance of this function depends on the
width of the channel; riparian shade does not significantly benefit very wide channels
such as the Skykomish River, but it is very important for smaller rivers and streams.
Mature riparian forests can provide significant shade to the Snoqualmie River, but the
trees need to be quite tall. The summer flow width in the Skykomish is much smaller
than the active channel width, but the summer flow width in the Snoqualmie is nearly
as wide as the active channel width. Large trees can therefore be grown very close to
the summer channel in the Snoqualmie.
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3. In addition to reducing water temperatures, shade from riparian forests can eliminate or
inhibit the growth of pasture grasses and other invasive species in smaller flood-plain
channels.
4. In channels with sand or silt bottoms, such as the Snoqualmie River and parts of the
Snohomish River, woody debris that falls into channels provides an important food
source for insects and invertebrates upon which salmonids feed.
5. Overhanging vegetation provides cover for fish, leaves and woody debris that are a
source of organic matter for aquatic insects, and terrestrial insects that fall off the
vegetation and become food for fish.
6. Root networks stabilize the banks and help create scour-formed pools below the banks.
7. Undisturbed riparian vegetation filters runoff from adjacent land uses and improves
instream water quality.
In addition to these aquatic functions, riparian forests provide habitat for wildlife.

7.2.2 History of Flood-Plain Development
The Snohomish River Basin flood plains have been considerably altered from their natural,
historic (pre-1850) state. Originally, the flood plains were primarily occupied by extensive
stands of large conifers, with diameters commonly exceeding 10 ft. The volume of wood in
much of the lower basin was estimated to exceed 25,000 board ft per acre. An early engineering
report noted that the “finest body of cedar anywhere on Puget Sound is said to exist at the
mouth of Ebey’s Slough.” The timber adjacent to the rivers was cut by 1898 (Rankin 1898), but
upland areas supplied huge amounts of logs to local mills for decades. In addition to the dense
timber, several large freshwater wetlands, including an extensive cranberry bog, filled areas of
the lower Snoqualmie and upper Snohomish flood plains. The channel was then, as now,
deeply incised, with banks 10 to 30 ft high. There were large amounts of woody debris in the
channel, in some areas completely preventing steamboat traffic in otherwise deep and
navigable channels. Large amounts of wood were removed every year from the late 1800s
through at least the 1940s. Over many years, channels were straightened, dikes were built, and
tide gates were installed, with the net effect of reducing off-channel habitat in side channels
and oxbows.
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The flood plains were converted to agricultural land by clearing, ditching, and diking.
There were dikes on the lower estuary as early as 1884 (Bortleson et al. 1980). By the 1920s,
most of the Snohomish and Snoqualmie flood plains were devoted to agriculture, although the
steeper, narrower Skykomish flood plain was not widely cultivated and so returned to
second-growth conifer forest. Land use has not changed significantly since at least the 1920s,
although conversion of agricultural land to residential land has accelerated in recent decades.
Today, several municipal sewage treatment plants are located in the lower Snohomish
estuary/flood plain. These critical water quality protection and public sanitation facilities are
protected by diking as well as accompanying flood plain areas.
Removal of conifer forest from most of the flood plain has reduced recruitment of woody
debris from near-channel processes such as blowdown, bank undercutting, and channel
migration. Although commercial traffic on the river no longer motivates large-scale wood
removal, the need for flood control and protection of bridges, roads, and other public works
means that large drifts and jams are usually removed relatively soon after they form.

7.2.3 Assessment Methodologies
Because of its importance, riparian vegetation on the Snohomish, Skykomish, and
Snoqualmie rivers was quantitatively assessed to determine the amount of available vegetative
cover and potential to provide woody debris from near-channel processes. Aerial photographs
were used for this assessment, and historical maps and documents were reviewed to develop a
history of channel management. Some field reconnaissance was performed to locate areas of
bank hardening on the Snoqualmie and Skykomish rivers.

Riparian conditions in the

headwater rivers and streams were not assessed here because the federal and state watershed
analysis processes will address riparian conditions in most of these streams.
The current riparian conditions of the mainstem rivers and flood-plain tributaries of the
Snohomish River Basin were described based on visual interpretation of stereo aerial
photographs. All of the photographs used were color contact prints, 1:12,000 scale, made by
Walker and Associates (Seattle) in 1993 (Skykomish and Snohomish rivers) and 1995
(Snoqualmie River).

The photographs covered the entire Snohomish River, including

distributary sloughs, from the estuary to the forks, and the Skykomish and Snoqualmie rivers
from the forks to the anadromous boundaries (Sunset Falls and Snoqualmie Falls, respectively).

December 17, 1999
00293\001\final\chap7.doc

page 7-46

Chapter 7. Fish Habitat Conditions

3HQWHF

The riparian conditions of the lower portions (within the Federal Emergency Management
Agency 100-year flood-plain boundaries) of the major tributaries were also mapped.
Based on aerial photograph interpretation, the riparian conditions were assigned to one of
10 categories (Table 7-3). Left and right banks were classified separately.
Table 7-3

Category

Definition of riparian categories.

Riparian condition

1

No riparian corridor of forest vegetation. Riparian vegetation is grass or brush.

2

Riparian vegetation is a single line of trees, often widely spaced, interspersed with grass or
brush.

3

Riparian corridor of forest vegetation is approximately 20 to 200 ft wide.

4

Riparian corridor of forest vegetation is approximately 200 to 400 ft wide.

5

Riparian corridor of forest vegetation is greater than 400 ft wide.

6

Land use adjacent to channel is primarily residential neighborhoods or farm residences, with
little forest cover.

7

Land use adjacent to channel is a mix of residential neighborhoods and small forested lots,
with significant forest cover.

8

Land immediately adjacent to the river is hardened and stabilized for roads or railroad tracks.

9

Land use adjacent to channel is industrial.

10

Land adjacent to channel is unforested wetland.

Snohomish County and King County supplied the locations of all maintained dikes on the
three rivers. Two canoe reconnaissance trips, from Fall City to Duvall on the Snoqualmie River
and from Gold Bar to Monroe on the Skykomish River, were made to assess the extent of riprap
(rock revetment) reinforcing the banks of the two rivers in these reaches. The possible effect of
these reinforcing structures on potential recruitment of woody debris to the channel was
assessed by calculating the percentage of each riparian vegetation type that was adjacent to
riprap (on the two reaches examined by canoe) and dikes (on the mainstem rivers to the
anadromous barriers and on the major tributaries within the flood plain).
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An estimate of the proportion of flood-plain channels that have been altered over time was
made based on the current conditions evident in the aerial photographs and in the mapped
USGS hydrology layer. Tributary channels that have been straightened and tributary channels
on agricultural land with no riparian vegetation (other than grass or brush) were identified on
the 1:110,000 scale base map, using the mapped shape of the tributaries (straight) to identify
ditched streams and using aerial photographs to identify tributaries with an apparently
unmodified channel but without significant riparian vegetation. For tributaries toward the
edge of the flood plain, where there was no coverage by the 1:12,000 aerial photographs, a 1993
Landsat unclassified image was used to assess gross vegetative cover.
The net length of tributaries in each category was measured using a Scale Master Plus
digital plan measure.

These lengths were compared to the total length of flood-plain

tributaries, which was calculated from the USGS hydrologic coverage by the GIS program.
Changes in the extent of tidal sloughs between 1884/85 and 1973 were mapped at 1:24,000
scale by Bortleson et al. (1980). Many of the sloughs, however, were mapped as being much
shorter on the earlier maps than on the later map. Although increasing sea levels may have
lengthened the sloughs, it was assumed instead that this difference was due to limited survey
areas in the early years. Accordingly, the full mapped extent of sloughs (on either the early
maps or the later maps) was assumed to define the historical extent, and the location of modern
dikes was assumed to define the current limit of sloughs. The total length of freshwater
sloughs that have been cut off from the river by dikes was tallied separately from the total
length of brackish sloughs that have been cut off from tidal influence.
Cadastral land survey maps (US Department of the Interior 1855 to 1896) revealed extensive
emergent and some forested wetlands in the Snohomish and lower Snoqualmie flood plains. In
addition, Bortleson et al. (1980) identified extensive wetlands in the Snohomish delta on the
1884 to 1885 Coastal and Geodetic Survey topographic map (“Snohomish River to the head of
ordinary steamboat traffic” C&GS T-1681), which were also recorded on the Snohomish
(edition of 1897, reprinted 1930) and Mount Vernon (edition of 1911, reprinted 1920) 30' USGS
topographic maps. However, wetlands on the delta were not recorded on the cadastral survey
maps, nor were wetlands in the lower Snoqualmie flood plain recorded on the Sultan (edition
of 1921) 30' USGS topographic map.
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Based on these maps, it was assumed that the historic extent of large wetlands included the
delta wetlands as well as those on the flood plains of the Snohomish River and the lower flood
plain of the Snoqualmie River. The extent of these wetlands was measured using a Planix
planimeter. Wetlands upstream of the delta have been largely removed or greatly reduced by
diking and draining activities, although substantial areas of delta wetlands remain.

7.2.4 Results
The riparian conditions are shown on Map 2 and are summarized in Table 7-4. The channel
modifications are shown on Map 3 and are summarized in Tables 7-5 and 7-6. The conditions
found reflect changes that were caused by natural landscape-level processes, namely flooding.
Floods or flooding are primarily responsible for the formation and maintenance of off-channel
aquatic habits and terrestrial (riparian) flood plain habitat. However, significant portions of
basin flood plains have been altered over time through diking and dredging. Unless the
natural hydrologic disturbance regime is intact, creation/restoration of off-channel aquatic
habitat and riparian vegetation would require human intervention and perpetual maintenance.

7.2.4.1

Changes in Flood-Plain Tributary Channels

The current total length of tributaries in the flood plains was calculated to be 244 mi. Of
that, 71 mi (29 percent) are ditched and have essentially no riparian vegetation (other than grass
or brush growing in or adjacent to the ditches), and 19 mi (8 percent) have essentially no
riparian vegetation yet have apparently not been ditched.

A total of 37 percent of the

flood-plain tributaries and channels are severely degraded in terms of fish habitat.

7.2.4.2

Changes in Sloughs in the Snohomish Delta

The total length of sloughs in the Snohomish River delta (downstream of the first fork) was
approximately 61 mi prior to dredging and diking. The current length of sloughs that have
maintained their connection to the Snohomish River and estuary is about 38 mi, a decrease of
nearly 40 percent. About 14 mi of brackish habitat were lost, and about 9 mi of freshwater
riverine habitat were lost.
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Summary of riparian conditions.

River/categorya

Percentage
Total miles
of total
Snohomish River (left and right banks combined)
1
43.56
41
2
21.53
20
3
5.07
5
4
4.96
5
5
4.37
4
6
3.50
3
7
8
3.73
3
9
6.44
6
10
13.74
13
Total
106.90
100
Skykomish River (left and right banks combined)
1
2.92
4
2
8.03
12
3
4.12
6
4
5.52
8
5
40.10
59
6
3.48
5
7
1.76
3
8
2.06
3
9
10
Total
67.99
100
Snoqualmie River (left and right banks combined)
1
46.57
45
2
15.78
15
3
8.50
8
4
9.02
9
5
16.88
16
6
3.02
3
7
0.28
0
8
0.24
0
9
0.52
1
10
1.83
2
Total
102.64
100

a

Category descriptions are as follows:
1
2
3
4
5

grass or brush
single line of trees
20- to 200-ft forested corridor
200- to 400-ft forested corridor
> 400-ft forested corridor
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Table 7-5

Summary of channel modifications in study areas.

Length without
dikes or riprap
River/
category

Miles

Percentage
of total

Length diked
(no riprap)
Miles

Percentage
of total

Length riprapped
(no dikes)
Miles

Percentage
of total

Length diked and
riprapped
Miles

Percentage
of total

Total
length

Skykomish River between Gold Bar and Monroe
1

0.61

1.71

0.087

0.25

0.30

0.83

0.00

0.00

0.99

2

1.24

3.50

0.000

0.00

2.76

7.78

0.00

0.00

4.00

3

3.63

10.22

0.000

0.00

0.32

0.91

0.00

0.00

3.95

4

1.95

5.50

0.000

0.00

0.00

0.00

0.00

0.00

1.95

5

19.30

54.42

0.335

0.94

0.94

2.66

0.12

0.34

20.70

6

0.84

2.35

0.000

0.00

1.18

3.31

0.00

0.00

2.01

7

0.00

0.00

0.000

0.00

0.00

0.00

0.00

0.00

0.00

8

1.31

3.69

0.015

0.04

0.49

1.37

0.06

0.17

1.87

9

0.00

0.00

0.000

0.00

0.00

0.00

0.00

0.00

0.00

10

0.00

0.00

0.000

0.00

0.00

0.00

0.00

0.00

0.00

28.87

81.39

0.437

1.23

5.98

16.87

0.18

0.51

35.47

Total

Snoqualmie River between Fall City and Duvall
1

10.63

20.45

2.53

4.88

1.45

2.79

4.61

8.87

19.22

2

5.41

43.22

0.94

1.81

3.00

5.77

3.16

6.08

12.51

3

4.25

70.82

0.29

0.56

0.62

1.20

0.84

1.62

6.00

4

3.64

58.35

0.81

1.57

0.27

0.51

1.52

2.92

6.24

5

5.11

74.53

0.12

0.23

0.76

1.47

0.86

1.65

6.85

6

0.39

33.65

0.04

0.08

0.19

0.37

0.53

1.02

1.15

7

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

8

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

9

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

29.42

56.60

4.74

9.12

6.29

12.11

11.52

22.17

51.97

Total
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Table 7-6

Summary of channel modifications determined from aerial photographs.

Length without dikes
River/
Percentage of
category
Miles
total
Snohomish River
1
25.69
24.03
2
9.18
8.58
3
3.29
3.08
4
3.24
3.03
5
3.23
3.02
6
3.50
3.27
7
0.00
0.00
8
1.54
1.44
9
6.26
5.86
10
13.36
12.50
Total
69.28
64.81

Length with dikes
Percentage of
Miles
total

Total length

17.87
12.36
1.78
1.72
1.14
0.00
0.00
2.19
0.18
0.38
37.62

16.71
11.56
1.67
1.61
1.07
0.00
0.00
2.05
0.17
0.36
35.19

43.56
21.53
5.07
4.96
4.37
3.50
0.00
3.73
6.44
13.74
106.90

Skykomish River
1
2.36
2
8.03
3
4.12
4
5.52
5
39.65
6
3.48
7
1.76
8
1.99
9
0.00
10
0.00
Total
66.90

3.47
11.81
6.06
8.12
58.31
5.12
2.59
2.92
0.00
0.00
98.40

0.56
0.00
0.00
0.00
0.46
0.00
0.00
0.08
0.00
0.00
1.09

0.82
0.00
0.00
0.00
0.67
0.00
0.00
0.11
0.00
0.00
1.60

2.92
8.03
4.12
5.52
40.1
3.48
1.76
2.06
0.00
0.00
67.99

Snoqualmie River
1
36.29
2
11.17
3
7.25
4
4.41
5
14.55
6
1.24
7
0.28
8
0.03
9
0.52
10
1.83
Total
77.58

35.36
10.88
7.07
4.30
14.18
1.21
0.27
0.03
0.51
1.78
75.58

10.28
4.61
1.25
4.61
2.33
1.78
0.00
0.21
0.00
0.00
25.06

10.02
4.49
1.21
4.49
2.27
1.73
0.00
0.21
0.00
0.00
24.42

46.57
15.78
8.5
9.02
16.88
3.02
0.28
0.24
0.52
1.83
102.64
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7.2.4.3

Historical Extent of Major Wetlands

There were approximately 7 mi² of forested wetland and 11 mi² of emergent wetland in the
Snohomish River delta in about 1855 (measured from Bortleson et al. 1980).

There were

approximately 19 mi² miles of wetland on the Snohomish flood plain and on the lower
Snoqualmie flood plain (measured from the cadastral maps of 1855 to 1896). Although much of
the emergent wetlands of the delta remain, most of the delta forested wetlands and nearly all of
the major wetlands of the lower basin have been drained.

7.2.4.4

Effects of Riparian Conditions on Fish Habitat

Riparian conditions have been extensively and radically altered along the Snohomish and
Snoqualmie rivers and along the flood-plain sections of many of the tributaries.

These

alterations, along with channelization and bank hardening, have multiple negative impacts on
fish production. The photographs in Figures 7-9 through 7-11 illustrate the types of impacts
that are common.
Along the mainstem Snohomish and Snoqualmie Rivers, poor riparian conditions reduce
the amount of food available for fry, increase solar insulation on the channel, reduce the
amount of cover for adults and juveniles, and reduce the amount of summer rearing and winter
refuge habitat. The benthic invertebrates that are a principal food source for salmonids grow
best in gravel and cobble channels.

In sand and silt bedded channels, like much of the

Snoqualmie and Snohomish, food production is limited. In these areas, woody debris in the
channel provides a significant substrate for the growth of aquatic insects, and insects falling
into the channel from the riparian forest are also an important food source.
The poor riparian conditions thus reduce food supply in channels that already have
food-limited conditions. Riparian buffers also filter runoff from adjacent lands and reduce
nutrient loadings to streams. In the flood-plain tributaries, poor riparian conditions increase
solar insulation to streams, raising water temperatures and potentially causing algal blooms.
Poor riparian conditions also limit the amount of large woody debris available to create pools
and form cover for fish. The diminished pool area and volume translates into a reduction in
both summer rearing and winter refuge habitat.
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Figure 7-9

Agriculture and diking on the Snoqualmie at Duvall.

photo8.FH5

Figure 7-10 Residential encroachment on the Skykomish.

photo4.FH5

Figure 7-11 Direct agricultural impacts on the Snoqualmie.
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Migrating adult salmon are wary of predators, and they seek places to hide as they move
upstream. Furthermore, they seek spawning sites where cover is available nearby. Woody
debris in the channels, as well as overhanging banks and vegetation, are important sources of
cover. Cover is also important to juveniles who use it to avoid predation from birds and larger
fish.

The poor riparian conditions, along with bank hardening, on the Snohomish and

Snoqualmie rivers have reduced the available cover.
Aerial photograph interpretation shows that mature riparian forests can shade more than 50
percent of the Snoqualmie, which might help create or maintain local temperature refuge areas
along the banks of the river.
The shortage of large woody debris in the Snoqualmie River limits the creation of summer
rearing habitat and winter refuge habitat. Large individual wood pieces as well as debris jams
cause local hydraulic effects that form pools and overhanging banks with nearby cover. Such
places can provide important summer rearing habitat, and the eddies that form behind jams
can provide winter refuge areas.

The debris also causes gravel bars to form, potentially

creating small spawning areas in an area with limited spawning habitat.

7.2.4.5

Effects of Riparian Conditions on Wildlife

Water is a vital resource for the majority of wildlife species. Over 80 percent of the species
in western Washington use wetlands and the riparian zones adjacent to streams, rivers, lakes,
and wetlands to meet their life-history needs (WDW 1992). Many species depend directly on
water-related habitat for some aspect of their life-history needs: food, water, or cover; others
are drawn to these areas in search of a rich source of prey. These habitats have been heavily
impacted in the Snohomish River Basin by reclamation for agriculture and development. This
has had a corresponding impact on the abundance and diversity of water-dependent species.
For example, a 75 to 85 percent decrease in wetlands has led to an approximately 90 percent
reduction in waterfowl production in some areas. Half of the wildlife species that are known to
have been extirpated from the Snohomish River Basin since the turn of the century are closely
tied to wetland and riparian habitats (spotted frog, western pond turtle, and yellow-billed
cuckoo).
Riparian forests occurring in the flood plains of large rivers in western Washington support
large deciduous trees, particularly big-leaf maple and black cottonwood, as well as conifer
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swamps dominated by western red cedar and Sitka spruce. The juxtaposition of deciduous and
coniferous trees provides foraging and nesting habitat for a diverse array of songbirds,
including many warblers and other neotropical migrants. Riparian forests are sought by big
game for the abundant forage that develops in the understory and for the dense cover
necessary for calving security. Riparian forests link upland forest habitats with rivers, which
are often used as movement corridors by forest species.
Native riparian forest habitat in the Snohomish River Basin flood plains has been replaced
primarily by pasture, hay, and dairy operations. Agricultural development destroys habitat for
forest species such as flying squirrels, goshawks, and many warblers. In contrast, agricultural
lands support primarily grassland and shrubland species that rarely occurred in this region
before agricultural development.
The rivers provide foraging and nesting habitat for several bird species, including harlequin
and wood ducks, common mergansers, kingfishers, and dippers. Gravel bars make important
contributions to salmon spawning habitat and are therefore important for producing fish
carcass forage for many wildlife species, including bald eagles and black bears. Gravel bars in
the upper Skykomish River have been identified as significant winter aggregation habitat for
bald eagles because of salmon carcasses.
Shifting river courses give rise to oxbow ponds when meanders are cut off from the river’s
flow. These ponds are an important feature of the flood plains, providing breeding habitat for
several amphibian species as well as waterfowl, beavers, and river otters. Riparian wetlands
provide additional breeding habitat; forested ponds and wetlands where snags with large
cavities are present provide breeding habitat for wood ducks and hooded mergansers.

December 17, 1999
00293\001\final\chap7.doc

page 7-58

8.0 CURRENT AND FUTURE OUT-OF-STREAM WATER DEMAND

Projected increases in regional and within-basin water demand due to increasing human
population drive the need to understand the Snohomish River Basin water resources. The
Snohomish River Basin is a source of a portion of the increased regional demand, but because
of the possibility of interbasin transfers and new water transmission systems, it is difficult to
project how the region will meet its growing water demands. This chapter reviews current
population and water demand and reviews projections for their increase. The goal here is to
place upper and lower bounds on future growth in water demand that might depend on the
Snohomish River Basin for meeting these future water supply needs.
This chapter also describes potential projects to increase water supply and presents an
annual water budget for the basin. Implications of new water supply options to the aquatic
ecosystem are discussed briefly.

8.1

CURRENT AND FUTURE POPULATION ESTIMATES
Both within-basin and regional population estimates are relevant to determining future

water demand. A 43 percent population increase, from 2.6 to 3.7 million, is predicted for King,
Pierce, and Snohomish counties by 2020, according to the Puget Sound Regional Council in
1992. Current regional water supply systems cannot meet the increased demand associated
with 849,000 additional people (roughly one-third of the regional total), as will be discussed
below in Section 8.2.
The only comprehensive population estimates and forecasts for areas in the basin come
from the Office of Financial Management (OFM) publication, “1995 Population Trends for
Washington State” (See Table 8-1) (OFM 1995). Table 8-1 summarizes the population estimates
for 1995 and the forecasts for the year 2020, and these show that population within the basin is
projected to increase by 53 percent from 206,000 to 315,000 and the regional population served
by Snohomish River Basin water will also increase to about 424,000. There are several problems
with these estimates. OFM uses “forecast analysis zones” whose boundaries are based on
governmental jurisdictions or social distinctions, not on watershed boundaries. Some of these
forecast analysis zones overlap the basin boundary, and the scale and resolution of the
mapping of these boundaries are insufficient in many cases to determine clearly the
relationship of the analysis zone boundary to the basin boundary. The table explicitly states
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Table 8-1

Snohomish River Basin population estimates from various sources.
Population1

Forecast analysis zone
(FAZ)

FAZ
Number

1995

2020

Population2
Rural towns/
incorporated areas

1995

Population3
Water supply
districts

1995

2020

North Bend
Snoqualmie
Water Distict 127
(Fall City)

2,925
2,579

4,037
10,926

2,250

4,895

Carnation
Skykomish

3,800
270

7,100
365

Within-basin and within King County users of local water supplies
North Bend/Snoqualmie

6506

13,076

20,574

North Bend
Snoqualmie

2,925
1,540

Fall City/ Preston

6505

4,770

9,220

Carnation

6606

4,459

7,094

Fall City
Preston
Carnation
Skykomish

?
?
1,490
270

East King County
Subtotal

6910

3,252
25,557

4,743
41,631

Subtotal

6,225

Subtotal

11,824

27,323

Index
Gold Bar
Startup
Sultan
Snohomish

141
1,285
?
2,535
7,495

Index?
Gold Bar
Startup
Sultan
Snohomish
Cross-Valley
Water District

141
1,285

190
1,680

2,535
7,495

3,670
8,292

29,683

57,729

Within-basin and within Snohomish County users of local water supplies
Skykomish Valley

8910

10,460

14,345

Snohomish
Machias/Cavalero
Corner

7700

7,044

8,292

7806

3,651

5,053

South Snohomish Valley
Maltby/High Bridge
Cathcart
Clearview/Silver Firs
(one half)
Three Lakes
Meadlow Lake/Woods
Creek
Sisco Heights
Subtotal

7605
7435
7436

2,112
7,458
5,331

2,972
15,673
10,352

7425
8906

6,193
7,532

10,948
14,058

8905
8406

7,269
1,756
58,806

14,898
5,109
101,700

Subtotal

143,331

Total of
King/Snohomish
Counties

Total of
King/Snohomish
Counties

84,363

11,456

Subtotal

17,681

Total of
King/Snohomish
Counties

41,139

52,963

71,561

98,884

Within-basin population with uncertain water sources - probably Everett
Summary of out-of-basin population:
North Snohomish Valley
Clearview/Silver Firs
(one-half)
Getchell Hill

7606

1,294

1,562

7425

6,193

10,948

Population3

9,911

Water Supply
Districts

12,504

22,421

Everett
Seattle Public
Utilities served
by Tolt

6605
8925
8310
8320
8600

8,718
9,067
23,372

13,756
15,193
33,302

8,496

13,281

7905
7805
8220,
8210,
8126

11,488
10,855

8405

Subtotal

5,017

1995

2020

423,171

653,855

336,000

420,000

Within-basin users of regional water supplies
Duvall
Granite Falls
Marysville
North Marysville/Smoke
Monroe
Lake Stevens/Frontier
Village
Fobes Hill
Within-basin portions of
Everett

Total Basin Population

Summary of witin-basin and out-of-basin
population served by Snohomish River Basin
water:
1995 Population

965,044

17,085
15,598

2020 Population

1,388,876

37,016

41,054

Increase

205,878

315,021

423,827

293\001\final\table8-1.xls

1
2
3

1995 population trends for Washington State. Office of financial Management. October 1995.
Puget Sound subarea forecasts: model calibration and forecasts. Puget Sound Regional Council. April 1992.
1995 population is average of estimates for 1990 and 2000.
From water supply comprehensive plans assumptions for future populations explained in text.
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which zones were used for the basin population estimates and which estimates were halved
because the zone straddles the basin boundary.
The forecast analysis zones were grouped by dominant water source, either local supply or
regional supply (Everett or Seattle Public Utilities). This causes analysis problems because
some areas use both. The City of Snohomish, for example, operates its own water supply on
the Pilchuck River but also purchases water from the City of Everett.
Population estimates from water supply plans for the area included in Table 8-1 show that
most of the basin residents do not live in towns or incorporated areas. Local water districts
supply about 63 percent of the rural population and anticipate supplying 69 percent in 2020.
Small well systems supply the remainder of the rural residents.

8.2

EXISTING SUPPLIES AND DEMAND FORECASTS FOR
WATER SUPPLY DISTRICTS
In 1993, the Seattle Public Utilities obtained 28 percent (approximately 49 million gallons

per day [MGD] or 76 cfs) of its water from the South Fork Tolt River in the Snohomish River
Basin. Everett obtains all of its 90 MGD (139 cfs) from the Sultan River. Water exported from
the basin by the City of Everett and the Seattle Public Utilities dominates water demand in this
basin through transfer to their service areas (see Figure 8-1). Some of Everett’s customers are
within the basin while almost all of Seattle’s are outside the basin.
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Snohomish River
Basin residents
4%

Seattle
customers
34%

Everett
customers
62%

Figure 8-1 Distribution of demand for Snohomish River Basin water.

Most of the remaining 4 percent of water used is supplied by several independent water
systems, including the Cross Valley Water District (south service area), the City of Snoqualmie,
King County Water District # 127, and the towns of Sultan, Skykomish, Index, and Gold Bar.
Together they obtain approximately 5.4 MGD or 8.4 cfs, mostly from groundwater wells located
within the basin. Table 8-2 summarizes the major water systems and supply sources in the
Snohomish River Basin.
The water supply plans for each of the districts operating in the basin were reviewed for
current and projected water demand, and the results are summarized in Table 8-3. Average per
capita water consumption of these supplier’s customers is 159 gpd.

The per capita

consumption of most of the smaller water districts is in the range of 120 to 130 gpd.
The total demand increase predicted by these water suppliers, excluding the increased
demand of rural residents not served by these systems, is approximately 46 MGD or 71 cfs
(Table 8-3).
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Major water systems and sources in the Snohomish River Basin.

Water system

Water source

City of Everett

Sultan River Reservoir System

Marysville

Marysville is partially supplied by wells

Monroe
Snohomish Service Area
Snohomish Co. PUD - various areas
Granite Falls
Seattle Public Utilities

groundwater until 1994 – now City of Everett
South Fork Tolt Reservoir

Duvall
Water District 119
Woodinville Water District
Skykomish

Groundwater

Startup

Groundwater

Gold Bar

Groundwater

Sultan

Surface water

Snohomish

75% Pilchuck River, 25% City of Everett (Sultan
River)

Cross Valley Water District

Groundwater and City of Everett (Sultan River)

North Bend

Springs and groundwater

Snoqualmie

Springs and groundwater

Fall City

Springs and groundwater

Carnation

Springs and groundwater
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Table 8-3

Current and future demand for major local and regional supply systems.

Current conditions (1995)
Water systems

Future conditions (2020)

Population

Annual

Annual

Per capita

Population

Annual

Annual

Demand

in 1995

demand

demand (cfs)

use (gpd)

in 2020

demand

demand

increase

(MGD)

(cfs)

(MGD)

(MGD)
City of Snoqualmie

2,579

0.542

0.838

210

10,926

2.054

3.177

1.512

City of North Bend

2,925

0.37

0.572

126

4,037

0.50

0.774

0.13

Cross Valley Water

29,683

3.6

5.6

121

57,729

5

7.735

1.4

2,250

0.28

0.433

124

4,895

1.5

2.32

1.22

Carnation

3,800

0.48

0.74

126

7,100

0.89

1.38

0.41

Sultan

2,535

0.8

1.237

316

3,670

1.2

1.856

0.40

Gold Bar

1,285

0.16

0.247

125

1,680

0.21

0.324

0.05

District
King

Co.

Water

Dist #127
(Fall City)

Index

141

0.017

0.026

120

190

0.023

0.035

0.005

Skykomish

270

0.036

0.055

133

365

0.045

0.069

0.009

Snohomish

7,495

0.94

1.454

125

8,292

1.04

1.6

0.1

460,187

89.6

138.6

125³

694,909

121.4

187.8.

31.8

491(1752)

76

58

90

9

Everett customers

Seattle Public

1,200,000

120/1464

Utilities customers
Weighted average

121.8

Total
1
2
3
4

46.036

Demand shown is for South Fork Tolt water only.
Value for total Seattle system.
Excludes industrial use.
Seattle’s per capita use has been 120 gpd since 1992 drought but averaged 146 gpd historically.
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8.3

FUTURE DEMAND INCREASES PREDICTED FROM POPULATION GROWTH
Relating city, county, and regional population estimates to water demand from the

Snohomish River Basin is complicated. The service areas of water suppliers do not necessarily
correspond to municipal boundaries, neither the municipal boundaries nor the service area
boundaries necessarily correspond to watershed boundaries, and these boundaries do not
correspond to forecast analysis zones used in regional population projections.

Accurate

categorization and accounting for population estimates is difficult. The issue of water demand
is made more complicated by the fact that the major water suppliers in the basin transfer water
across basin boundaries.
The population within the basin served by local water supplies (wells or small water
districts) is currently estimated to be approximately 84,000, and this is expected to increase to
143,000 in the year 2020 (Table 8-1). Assuming 125 gpd per person, this translates into an
increase in water demand of 7.5 MGD. Assuming a high per capita usage of 200 gpd, the
increase will be 12.0 MGD. Combined with Everett’s projected within-basin demand increase
of 21.1 MGD, within-basin water demand might increase by 28.6 to 33.1 MGD.

These

projections are complicated by water service arrangements that may change in the future. For
example, the Cross Valley Water District is the largest local water provider in the basin, and it
obtains water both from local wells and from the City of Everett. Increasing demand in this
water district will be met either locally or regionally after the year 2000. The City of Granite
Falls, for instance, was served by local wells until 1994 when the city hooked up to Everett's
water supply system because of natural contamination of local groundwater by arsenic. The
population projections also are complicated by the proposed Blakely Ridge and Northridge
developments on Novelty Hill.

These two developments themselves, which have been

approved by the King County Council, could alter the projection of within-basin water demand
by 50 percent.
Table 8-4 summarizes potential water demand increases based on population projections.
The Snohomish River Basin will be relied upon to provide an additional 28.6 to 33.1 MGD to
supply local growth and 20.8 MGD to supply regional growth (Seattle and Everett combined).
The total increased demand is expected to be 49.4 million to 53.9 MGD. None of these scenarios
includes water conservation efforts; these scenarios are based on current per capita usage.

December 17, 1999
00293\001\final\chap8.doc

page 8-7

3HQWHF

Chapter 8. Current and Future Out-of-Stream Water Demand
Table 8-4

Summary of potential increases in water demand for the year 2020.

Source of increased demand

Projected population increase

Projected demand increase

Rural well users

10,000

1.25 to 2 MGD

In-basin water districts excluding
Everett

50,000

6.25 to 10 MGD

Everett

234,722

31.8 MGD

Seattle Growth

84,000

10.1 MGD

Agricultural Use

NA

See Chapter 11 on data gaps

Total of above

378,722

49.4 to 53.9 MGD

2

1

3

Total from Table 8-1
423,827
51.6 MGD
1 Everett within-basin demand is 21.1 MGD; regional demand is 10.7 MGD.
2 Assumes the Tolt will continue to supply 28 percent of the water to Seattle Public Utilities.
3 Based on per capita usage of 121.8 gpd.

Table 8-5

Summary of recent water rights applications, January 1, 1994, to October 6, 1996.

Summary of groundwater
applications, 1/1/94 to 10/6/96
Domestic multiple
Domestic single
Irrigation
Commercial
Domestic Municipal:
Seattle Public Utilities/EKCRWA
Snoqualmie Pass
Gold Bar
Startup Water Dist.
Sammamish Plateau
Totals
Summary of surface-water
applications from 1/1/94 to 10/6/96
Domestic multiple
Domestic single

Instant. max (gpm) Acres

Number of
apps.

Notes

321
0
133
0

12
0
5
0

Small communities, unknown # households

41600
160
340
200
1500
44254 gpm
98.60 cfs

0
0.15

Irrigation
0.04
Commercial
0.99
Domestic Municipal:
Northshore Utility Dist.
38.7
Summary of hydropower applications from 1/1/94 to 10/6/96
Power
59
Totals
39.88 cfs
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35.71

T23N, R08E, sec 13
T22N, R11E, sec 04
T27N, R09E, sec 05
T28N, R08E, sec 36
T25N, R06E, sec 34

0
3
1
1

Mid. Fk. Snoqualmie, Cochran Lk,
Unnamed stream
So. Fk. Skykomish, acres not specified
Arney Spring
Snohomish River

3

Hancock, Calligan, Young Creeks
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CLASSIFICATION OF RECENT WATER RIGHTS APPLICATIONS
The Initial Watershed Assessment (PGG 1995) reviewed and classified all water rights,

claims, and certificates existing at that time. This report has reviewed recent water rights
applications filed with Ecology from January 1, 1994, to October 6, 1996. Table 8-5 breaks down
the applications by groundwater and surface-water withdrawals and by type of use. There
were no applications for domestic single wells during this period, which suggests that well
development for single residences is using the regulatory exemption for withdrawals not
exceeding 5,000 gallons a day (RCW 90.44.050).
The Ecology database lists all of these applications as consumptive, even the applications
for power generation and the local domestic users who will return most of the water to the
ground.

In the complete database, only applications for fish propagation, recreation and

beautification, and power generation (the recent data is an exception) are listed as
nonconsumptive.

The data show that water rights applications are dominated by a

coapplication by East King County Regional Water Association and Seattle Public Utilities for a
well field (41,600 gpm or 60 MGD) and a Northshore Utility District application for
withdrawing 38.7 cfs (25 MGD) from the Snohomish River.

8.5

POTENTIAL WATER SOURCES
Everett, Seattle, and some smaller, independent water suppliers have developed and begun

to implement conservation strategies to reduce water usage and consumption. Additionally,
new water sources are being investigated, and in several cases, plans for their implementation
are underway. Descriptions of some of the prominent potential water supply projects that are
being investigated or have been investigated in the last decade are presented in this section.
Table 8-6, at the end of the section, will summarize these supply projects.

8.5.1 North Bend Aquifer
The North Bend aquifer goes by many names, but it refers to a confined aquifer of coarse
gravels deposited in the Snoqualmie Valley upstream of Snoqualmie Falls. This aquifer has
been described by Golder (1996), Turney et al. (1995), and King County (1996), and it is
described in Chapter 5 of this report. There is also an unconfined aquifer located above the
confined aquifer. The confined aquifer is being explored as a potential source of 40 million to
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45 MGD for local and regional supply. The City of Snoqualmie and the Snoqualmie Ridge
development are already obtaining water from this aquifer. Studies of the potential impacts of
water withdrawals from this aquifer on surface flows are being conducted by the EKCRWA
and Seattle Public Utilities.

8.5.2 North Fork Tolt River Diversion
The North Fork Tolt River Diversion Project has been estimated to provide an additional 17
to 52 MGD for Seattle Public Utilities. The yield of this project is subject to uncertainty,
particularly with regard to future instream flow requirements. The proposed diversion would
be located above a series of natural waterfalls that act as barriers for upstream anadromous fish
passage. The concept of this project is to construct a low-level diversion dam and intake facility
on the North Fork Tolt River. It would be operated as a run of the river facility, diverting a
portion of the river flows to the existing Tolt Regulating Basin and water treatment facilities
located downstream of the South Fork Tolt Storage Reservoir. Flows in excess of diversion
would flow downstream. During times of natural low flows in the North Fork Tolt River, such
as in the summer dry season baseflow months, no river diversions would be made, allowing all
flows to pass downstream and support instream flows. Water from the North Fork Tolt River
would required sedimentation and filtration because it would be taken directly from the river
during periods of high turbidity and the lack of water utility land ownership limits water
quality control in the watershed.

8.5.3 Snoqualmie Valley Aquifers
The Snoqualmie Valley features an upper and lower aquifer in the vicinity of Carnation and
the Tolt River confluence which could serve as local water supply sources. These aquifers have
been described by Turney et al (1995), King County (1996), and in Chapter 5 of this report. The
geographic limits of these aquifers have not yet been well-defined, nor have their hydraulic
connections to the river been very well-explained. These aquifers are potential sources for
another 5 to 10 MGD for local water supply.

8.5.4 Lower Snohomish Weyerhaeuser Industrial Water Right Transfer
Everett, the Northshore Utility District, and the Woodinville Utility District have acquired
Weyerhaeuser Company’s right to 36 MGD of the lower Snohomish formerly used to supply a
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Weyerhaeuser is no longer using this industrial water right, and these water

suppliers seek to transfer this water right for municipal supply.
Table 8-6

Future water source options.

Source

Estimated yield

Issues and characteristics

North Bend aquifer

40 MGD to
45 MGD

•

Reductions in summer low flows in
Snoqualmie River

•

Unknown impacts to flows in lower reaches
of small tributaries

•

Impoundment impacts to less than 1 acre

•

Instream flow impacts to river

•

Changes in river characteristics below
diversion

•

Removal of approximately 30 acres of
vegetation

•

$27.1 million (in 1991 dollars) to construct

North Fork Tolt River diversion

Snoqualmie Valley aquifers

Transfer of Weyerhaeuser
industrial water rights to Everett,
Northshore Utility District, and
Woodinville Utility District for
municipal supply
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17 MGD to
52 MGD

5 MGD to
10 MGD

36 MGD

Reductions in summer flows in Snoqualmie
River
•

Potential hydraulic connection to nearby
surface waters

•

Unknown impacts to flows in lower reaches
of small tributaries

•

Estuarine impacts under evaluation
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WATER BUDGET
A water budget of the Snohomish River Basin was developed to provide insight into the

distribution of water in the basin and the relative magnitude of current withdrawals
(Table 8-7). In a watershed, all of the precipitation inputs must be accounted for, and a water
budget is an itemization of what happens to all the precipitation. Precipitation either becomes
streamflow, returns to the atmosphere as evapotranspiration, leaves the basin as groundwater
flow, supplies human needs, or adds to the water stored as groundwater (water table rise) or as
soil moisture. If the climate isn’t changing and if groundwater isn’t being mined, then changes
in storage can be neglected when using long-term averages for inputs and outputs. The basic
equation for a water budget is as follows:
P = R + ET + GWoutflow + WD + Ss + Sg + Ssm
where P

= precipitation (rain and snow; geographically
extrapolated from point measurements)

R

= surface-water runoff (river discharge; measured)

ET

= evapotranspiration (extrapolated from lowland
measurements)

Gwoutflow

= groundwater outflow from basin (estimated)

WD

= withdrawals (surface or groundwater) to meet water
demand (measured and estimated)

Ss

= change in surface storage (e.g., lakes; neglected)

Sg

= change in groundwater storage (e.g., higher water table;
neglected)

Ssm

= change in soil moisture storage (neglected)

A water budget shows the relative magnitudes of water withdrawals and gives insight into
the hydrologic processes at work in a basin and the eventual fate of precipitation. Water
budgets are based on annual averages for inputs and outputs. At least three other water
budgets for this basin have been developed for previous studies (Turney et al. 1995, PGG 1995,
Golder 1996); however, this effort has identified several new findings.
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Table 8-7

Snohomish River Basin annual water budget, current conditions, with best and high usage estimates
shown in parentheses.
Losses
(inches)

Gains
Percentage
(inches) precipitation

Percentage
annual flow

Climatic inputs and outputs
Precipitation

1

86.7
2

Evapotranspiration

23.0

26.53%

30.67%

73.47%

84.93%

1.09

1.26%

1.45%

0.58

0.67%

0.77%

0.01%

0.02%

3

Net input, precipitation minus evaporation

63.7

Water usage
Surface-water export
Sultan River supply system
Tolt Dam

4

5

Local multiple surface-water use
Local hatchery use

6

Local agricultural surface-water use
Local multiple groundwater use

7
8

Total

Nonconsumptive

Consumptive

0.05
0.1

0.038
0.1

0.013
0

0.06

(0.17)

0.03

(0.085)

0.07

(0.148)

0.0525

(0.111)

Local agricultural groundwater use

0.03

Total local water use
Total withdrawals
Total consumptive use

0.31
1.98

Total water allocations, permits, and claims

0.015
(0.498)
(2.298)

0.235

0.003

(0.085)

0.0175

(0.037)

0.0015
(0.349)

100.00%

0.0345

(0.149)

1.7045

(1.819)

6.28

0.00%

(.10)

0.00%

(.11)

0.02%

(.04)

0.02%

(.05)

0.00%

(.02)

0.00%

(.02)

0.04%
2.28%
1.97%

(.17)
(2.65)
(2.10)

0.05%
2.64%
2.27%

(.20)
(3.06)
(2.43)

7.24%

7.89%

2.6

3.00%

3.47%

72
75

83.04%
86.51%

96.00%
100.00%

79.6

91.81%

Natural discharges
Groundwater discharge from Basin

9

10

Surface-water discharge
- Measured at Monroe gauge
- Including Pilchuck, Quilceda, Allen
Total Discharge, surface water, water use, groundwater

11

1 inch of water over the basin equals 131.13 cfs from the basin, or 94,933 acre-ft/year
00293\001\final\table\table8-7.xls

1 The precipitation estimated is based on weather bureau isohyetal maps and cannot be improved without significant effort.
2 Estimate is accurate for lowland areas but it overestimates evapotranspiration in snow-dominated mountain areas.
3 Because total outflows are greater than net input, there are errors in either or both the precipitation or evapotranspiration
estimates.
4 Water supply plan estimates firm yield of 49 mgd (76 cfs) and 1989 to 1994 usage averaged 68 cfs (PPG 1995).
5 Summation of Snohomish and Sultan usage.
6 Assumes total allocation is utilized.
7 Determined by multiplying basin population using local water (84,000 people) by 200 gpd and subtracting surface-water use.
The IWA (PGG 1995) estimated 0.127 inches.
8 Estimated by G. Turney of USGS and reported in IWA (PGG 1995).
9 Estimated by the USGS and reported by Golder (1996), Snohomish County Geohydrology Memorandum.
10 The lowest gauge on the Snohomish is at Monroe, but additional land drains to the river below this point.
11 Assuming the precipitation estimate of 86.7 inches is correct, this leaves only 7.1 inches for evapotranspiration.
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An annual water budget has many limitations as an analysis tool. Annual flow quantities
cannot provide direct information regarding the more important summer flow quantities. An
annual water budget cannot account for seasonal, yearly, and longer time climatic variability.
Also, there are no established thresholds for deciding when a basin is overallocated, so the
quantitative information of the water budget can only be used qualitatively. Finally, a water
budget is not a good predictive tool for assessing the impacts of future water withdrawals for
several reasons. Groundwater withdrawals can alter the dynamic equilibrium between surface
and groundwater, and a new equilibrium may not be achieved for decades. Surface water
reservoirs allow management of summer in-stream flows, so total withdrawal may not
accurately reflect summer withdrawal.
Some of the demand numbers in the water budget are based on metering of flows and are
quite accurate while others are based on estimates of usage by independent water users (rural
residents and farmers).

When demand numbers are uncertain, best estimates and high

estimates (shown in parentheses) are included in the water budget.

Because the largest

withdrawals (Everett and Seattle) are quite accurate, demand uncertainty makes little
difference to the overall water budget. On a basinwide scale, confidence in the water budget
conclusions is high.
Uncertainty in the demand numbers is dwarfed by uncertainty in some of the natural
inputs and outputs. The water balance shows that total discharge from the basin exceeds net
inputs (as estimated by subtracting evapotranspiration from average precipitation). It is likely
that the discrepancy between climatic inputs and outputs and measured discharges is due to a
combination of errors: precipitation estimates are too low and evapotranspiration estimates are
too high. Previous investigators (Turney et al. 1995, PGG 1995, Golder 1996) have estimated
that evapotranspiration is 20 to 23 inches.

This estimate is based on pan evaporation

measurements at Puyallup, and it is consistent with water budgets for lowland stream basins
along Puget Sound. For the Snohomish River Basin as a whole, however, it appears that
evapotranspiration may be significantly less, possibly because evapotranspiration is reduced in
mountainous, snow-dominated areas.
precipitation estimate is too low.

On the other hand, it is possible that the average

It would be difficult to improve either the average

precipitation estimate or the average evapotranspiration estimate without a significant data
collection and analysis effort. Furthermore, the groundwater outflow from the basin used in
the water budget has only been estimated from only part of the basin. Total groundwater
outflow may be somewhat greater (it is not likely to be less given regional hydraulic gradients).
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This water budget has been developed considering inputs and outputs to the entire
Snohomish River Basin, and it is most useful when evaluating flow conditions in the mainstem
channel. This water budget does not apply and does not lend insight into conditions in the
subbasins draining to small tributaries.
Using high estimates for usage, current water use accounts for only about 2.6 percent of
precipitation or 3.0 percent of mean annual flow in the Snohomish River Basin. From the
perspective of the Snohomish River, most of this water use is consumptive (i.e., water is not
returned to the system) as the majority of water used, 2.40 percent of the mean annual flow, is
exported to areas outside of the basin, to Seattle, east King County, Everett, and southwestern
Snohomish County. Agricultural and residential water use within the basin amounts to about
0.25 percent of the mean annual flow, but a significant portion of this water returns to the rivers
after use, depending on the type of use. When exported water and internal consumptive use
are accounted for, total consumptive use amounts to about 2.5 percent of the mean annual flow.
Much of the water used within the basin is returned to the rivers in the basin. The cities of
North Bend, Snoqualmie, Carnation, Duvall, Sultan, Granite Falls, Monroe, Lake Stevens,
Snohomish, Marysville, and Everett are sewered, and they operate their own wastewater
treatment plants. The treated water is returned to the rivers in outfalls adjacent to the cities.
Other cities in the basin, including Fall City, Skykomish, Startup, and Gold Bar, as well as rural
residents, rely on septic systems to treat their sewage. In this case, water flows subsurface back
to the river system, losing some water to evapotranspiration along the way. For either the
sewered cities (except Everett) or the septic systems, only about 20 percent of the water is lost in
the process, so approximately 80 percent of the residential water is returned to the river
1

system . The proportion of consumptive use is higher for agricultural water users. Within the
Snohomish River Basin, the dominant agricultural uses of water are irrigation of crops usually
corn, peas, and alfalfa and watering of dairy cattle. The fraction of consumptive use to total
withdrawal for agriculture purposes varies with agricultural practice, but a conservative value
of 0.5 has been used for this analysis.

1

About 20 percent of Everett’s withdrawal from the Sultan Basin is returned to the lower Snohomish
River as treated effluent. Most of the remainder is discharged directly to Puget Sound. While an
average of 80 percent of domestic rural water is returned to the system through septic systems, the
flow pathways, such as deep percolation, shallow subsurface flow, or overland flow, depend on local
geologic conditions and short-term climate conditions.
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Most of the water withdrawn from the basin comes from the Sultan River and Tolt River
reservoir systems, which are operated to supply the Everett and Seattle water service areas.
Also, the reservoirs are operated to fulfill instream flow requirements in major rivers. As a
result, summer flows in the Sultan and Tolt rivers are higher than they would be without the
reservoir operations.

Within-basin consumptive use in the summer accounts for about

12 percent of summer flow in the Snoqualmie River, 7 percent in the Skykomish River, and
7 percent in the Snohomish River. Figure 8-2 illustrates current water use with respect to dry
season base flows. Most of the water used, is that stored from spring and winter flows in
reservoirs; thus the current reduction in summer flows due to water withdrawals is
imperceptible.

8.7

IMPLICATION OF INCREASED WATER SUPPLY WITHDRAWALS
TO AQUATIC ECOSYSTEMS
The major possible water supply projects with the greatest potential to affect aquatic

ecosystems in the Snohomish River Basin are schematically represented in Figure 8-3. The
proposed large aquifer withdrawal projects are all located in the Snoqualmie Valley, and thus
are likely to affect flows only in the mainstem Snoqualmie River and possibly in the lower
segments of tributaries (within the Snoqualmie Valley) in the vicinity of the withdrawals. The
flow of the mainstem Snoqualmie River is quite large relative to the proposed aquifer
withdrawals.

If flow management strategies like those discussed in Chapter 5 are

implemented, the mainstem effects of the aquifer withdrawals would be small. The impact of
future growth will be reduced if groundwater supplies from the valley aquifers can substitute
for development of dispersed wells. Small tributaries like Patterson, Cherry, Harris, Dubuque,
and Star creeks are very sensitive to summer flow reductions due to well withdrawals, and
groundwater withdrawals should be avoided in the small subbasins.
The relative effects on monthly flows of groundwater withdrawals from the North Bend
aquifer are schematically illustrated in Figure 8-4. This monthly flow hydrograph is based on
hypothetical withdrawals and aquifer connectivity, and is for illustrative purposes only.
Evaluating the environmental consequences of the North Fork Tolt River diversion is
difficult without specific design information. Depending on the design, this diversion could
have large or quite small habitat impacts. If the diversion is operated in conjunction with the
South Fork Tolt River reservoir and is not used during summer low-flow periods, which
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is the proposed concept, the impacts on low flows could be quite minimal; if the diversion is
operated throughout the summer (which is not proposed), flow reduction in the Tolt River
could reduce survival of juvenile coho and steelhead.
In addition, there are opportunities for habitat restoration in parts of the main river valleys
that would likely increase fish productivity in the system. Habitat improvements such as those
discussed in Chapter 7 could be implemented to offset possible impacts of surface or
groundwater withdrawals.
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9.0 LIMITING FACTORS FOR FISH PRODUCTIVITY

Each of the anadromous salmonid species present in the Snohomish River Basin has
evolved and adapted to a unique set of habitat conditions and needs. Given these varied life
histories, numbers of each species in the basin are limited by different environmental and
human-caused factors, although the same factor can limit more than one species. This
qualitative assessment of limiting factors has focused on the needs of coho, steelhead, and
summer chinook because these species have demanding freshwater life-history requirements
(i.e., long freshwater rearing periods; only Dolly Varden, bull trout, and cutthroat have longer
freshwater rearing periods).

While existing knowledge of fish responsiveness to habitat

conditions allows us to evaluate and rank the relative importance of habitat factors, including
disturbance, actual controls on population numbers are difficult to determine. For example,
historical spawning records indicate that pink salmon formerly spawned in the Tolt and Raging
rivers, but now only small numbers of pink spawn in the Tolt; it is not known why these
populations of pink salmon disappeared. The flood-control diking, and debris and gravel
removed by King County on these two rivers in early 1960s may have caused a decline in
chinook and pinks (Blake B., Stillaguamish/Snohomish Fisheries Enhancement Task Force,
pers. comm., May 1998). It is well-known that fish escapements are not just a function of
freshwater habitat conditions; they are also dependent on estuarine and oceanic conditions
(e.g., el Niño), harvest levels, and possibly on other factors that are currently unknown. The
interaction of various life-history controls is quite complex, and the actual cause of declining
populations is often difficult to determine. Hence, the discussions in this section, although
drawn from the best available information, may not be universally applicable throughout the
Snohomish River Basin.
This study has focused only on freshwater and estuarine conditions. The major factors that
can limit freshwater and estuarine production of salmonids are as follows:
1. For adults migrating upstream: fishing pressure, high temperature and/or low DO
during late summer or fall migration periods, low flows, physical barriers that limit or
add stress to upstream migrations, and lack of deep holding pools with associated large
woody debris
2. During spawning: high temperatures, low flows, gravel availability, sedimentation,
lack of riparian cover, and disturbance of fish during spawning by humans and
domestic dogs
December 17, 1999
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sedimentation, scour by flooding, low water

(dewatering of redds), low temperature (freezing of redds), and disturbance
4. As fry in fresh water: low flows or inadequate rearing habitat, lack of structure or cover
in the rearing habitat, predation, turbidity or sedimentation, high temperature/low DO,
flooding, lack of overwintering habitat, and competition
5. As smolts during outmigration:

predation, turbidity or sedimentation, high

temperature/low DO, flooding, lack of transitional estuarine habitat, competition, lack
of shallow-water migration corridors, incidental catch by trout fishers, and chemical
contamination
For Snohomish River Basin anadromous fish, the following natural conditions have been
identified as potentially limiting at some life-history stage for one or more species:
1. A natural hydrologic regime that results in low late summer flows, and that reduces the
quantity and quality of summer rearing habitat for coho, steelhead, and summer
chinook
2. Natural deposition of silt in the low-gradient areas of the Snoqualmie and Snohomish
rivers that reduces spawning habitat (especially for pinks and chinook) in these rivers
3. Loss of habitat (spawning and rearing) in small tributaries.
4. Fish access barriers to portions of the drainage basin due to falls, high-gradient
tributaries, and cutoff sloughs
5. Severe seasonal flood events that disrupt spawning and egg incubation and reduce the
quality of overwintering habitat for juveniles
These natural conditions have been exacerbated and other stresses have been added by
human activities within the Snohomish River Basin. The list of these activities is long, and in
some cases the linkages between the activities and their effects on anadromous fish have not
been quantitatively proven, yet they are considered to be highly probable. These activities and
their associated mechanisms of impact are as follows:
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Activities such as diking flood-plain

draining, and channelization of flood-plain tributaries have severely altered and
degraded 40 percent of the flood-plain tributary length since settlement of the basin.
2. Loss of riparian forests and disruption of riparian ecosystem functions. Less than 20
percent of the Snohomish River and less than 40 percent of the Snoqualmie River have
functioning riparian forests. This riparian destruction leads to below-optimal levels of
shade, in-channel woody debris, and cover.
3. Reduction of aquatic habitat area by improper placement of culverts, tide gates, flood
gates, and in-line farm ponds with impassable weirs that block upstream migration of
fish.
4. Degradation of habitat conditions in urbanized and urbanizing tributaries such as
Quilceda, Allen, and Patterson creeks by high flows and erosion associated with land
development.

This degradation has caused increased flows, bed-scour riparian

vegetation removal, channel widening, loss of pools, and other urbanizing impacts (see
Chapter 3.).
5. Degradation of estuarine habitat, including elimination of saltmarshes, diking of
estuarine channels, log raft storage on productive intertidal mudflats, and filling of
wetlands and shorelines. An estimated 70 percent of historical saltmarsh area has been
eliminated.
6. Water quality impairment due to the following:
•

industrial wastewater discharges

•

nutrients and pesticides in agricultural, residential, and golf course runoff

•

increased siltation from logging and residential development

•

temperature problems partly caused by loss of riparian vegetation

•

reduced DO in flood-plain tributaries of the Snoqualmie and Snohomish rivers

•

stormwater runoff

7. Degradation of mainstem channel habitat by diking and hardening of banks, especially
along the Snoqualmie River. Such degradation has resulted in the following impacts:
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•

loss of side channels

•

channel confinement

•

loss of off-channel mainstem habitat for juvenile rearing and refuge

•

meander cutoffs

•

loss of lateral migration

•

reduced stream length

•

increased scouring and bed instability

•

lack of large woody debris

•

reduction of large pools

3HQWHF

8. Reduction in beaver pond habitat. This condition has reduced pool habitat important to
coho, cutthroat and steelhead.
9. Degradation of headwater channel habitat because of the following:
•

reduction of the amount of woody debris in headwater streams due to past and
present logging activities and past stream cleanout activities

•

channel aggradation due to mass wasting caused by logging activities

10. Reduction in habitat area due to the South Fork Tolt and Sultan River impoundments.
Past land management activities are not likely to have affected the amount and distribution
of mainstem spawning habitat in the Snoqualmie, Skykomish, and Snohomish rivers, because
the geologic controls on spawning habitat in these rivers are quite strong. Loss of access due to
the construction of the South Fork Tolt impoundment has been offset to some degree by
artificial passage provided around Sunset Falls on the South Fork Skykomish River. Habitat
loss in the Sultan Basin has been mitigated by high flow reductions and flow augmentation
during low-flow periods.
This assessment concludes that except for the Pilchuck River, current water withdrawals
have not had a perceptible or significant impact on the quantities of summer flows in the major
rivers, and that current use of the basin's water resources is quite low. In small streams,
however, withdrawals and impervious surface reduction of groundwater recharge may have
significantly reduced summer flows. With appropriate flow management, additional water
supply withdrawals could be developed in concert with habitat restoration efforts without
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reducing overall fish productivity, although improvements in productivity will not always be
possible in the same locations where impacts occur. Furthermore, habitat restoration activities
may not pay dividends for some time, while the impacts of water resource development may
occur immediately. Nevertheless, the more direct impacts of past, present, and future land
development and agriculture are of greater significance for fish in this basin.
This qualitative limiting factors analysis has reached conclusions similar to a quantitative
limiting factors analysis conducted for the nearby Skagit River Basin. Beechie et al. (1994)
quantified changes in summer and winter rearing habitat areas in the Skagit River system and
used the information to estimate changes in smolt production of coho salmon. Because the
3,180-mi² Skagit River Basin features topography, climate, and land uses similar to those of the
Snohomish River Basin, habitat losses in the Snohomish River Basin are likely to be similar to
those measured in the Skagit system. Beechie et al. (1994) found that summer rearing capacity
had been reduced 24 percent from 1.28 million to 0.98 million smolts, and winter rearing
capacity had been reduced 34 percent from 1.77 million to 1.17 million smolts. Surface waters
were classified among six habitat types: side-channel sloughs, distributary sloughs, small
tributaries, large tributaries and Skagit River mainstem, lakes and reservoirs, and ponds. The
impacts were quantified for each of these habitat types (except ponds, for which changes could
not be determined, and large tributaries because juvenile use of large rivers is poorly
understood). The largest proportion of summer non-mainstem habitat losses has occurred in
side-channel sloughs (41 percent), followed by losses in small tributaries (31 percent) and
distributary sloughs (29 percent).

The largest loss of winter habitats has occurred in

side-channel sloughs (52 percent), followed by losses in distributary sloughs (37 percent) and
small tributaries (11 percent). Impacts were classified as either hydromodification (diking,
ditching, dredging, or hardening), hydropower, blocking culverts, or nonhydromodified
(forestry impacts). Hydromodification associated with agricultural and urban lands accounted
for 73 percent of summer habitat losses and 91 percent of winter habitat losses. By contrast,
forestry impacts accounted for only 9 percent and 3 percent of the summer and winter habitat
losses, respectively. One shortcoming of this assessment was the lack of knowledge about
juvenile use of large river habitat. Beechie et al. (1994) estimated that mainstem rivers produce
between 36 and 41 percent of the Skagit River Basin's coho smolts but could not estimate the
effect of human activities on mainstem production.

Uncertainty about juvenile migration

between habitats also clouds the results, and Beechie et al. recommended more research into
juvenile migration patterns. Beechie's assessment suggests that restoration of sloughs and side
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channels and elimination of culvert blockages are the most cost-effective strategies for
increasing total smolt production.

9.1

CRITICAL FRESHWATER HABITAT ISSUES
A primary factor affecting the productivity of coho, chinook, and steelhead in the

Snohomish River Basin is the historical loss and/or degradation of flood-plain tributaries due
to flood-plain dewatering, tributary channelization, or removal of riparian vegetation. Many of
the old river channels, sloughs, and oxbows that once provided excellent off-channel habitat for
year-round rearing of these species have been isolated from the river by diking and
flood-gating for purposes of flood control and agriculture.

To maximize agricultural

productivity, vegetation along remaining watercourses crossing the flood plain has often been
completely removed.

At least 30 percent of flood-plain channels have been ditched or

channelized, and 25 and 38 percent of the Snoqualmie and Snohomish rivers, respectively, are
diked.
Approximately 60 percent of the banks of the Snohomish and Snoqualmie rivers have no
riparian vegetation or have a riparian buffer that is only one tree wide. This lack of riparian
buffer has resulted in a reduction of in-channel woody debris that provides cover for fish.
Much of the woody debris that remains in the Snoqualmie River below the Tolt is very old; this
indicates that new wood does not recruit consistently, an obvious result of channel stabilization
and dike maintenance.
Banks hardened with small riprap and compacted soil dikes provide little cover for fish and
reduce the amount of suitable habitat in the rivers (see #7, page 9-3). Along the Snoqualmie
River below the Tolt River, most dikes fall into this category; in the Skykomish River, hardened
banks often consist of larger riprap, the interstices of which may provide habitat for coho and
chinook juveniles, although fish prefer natural cover to this type of habitat (Dames &
Moore 1974; Houghton, J., Pentec Environmental, Inc., pers. comm., May 1998).
Access to many miles of potential and former spawning and rearing habitat for coho and
steelhead in smaller tributaries has been blocked by poorly placed or designed culverts.
Inventories have been made of these passage problems in some portions of the study area.
These inventories could provide a blueprint for enhancement or restoration.
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9.2

CRITICAL WATER QUALITY ISSUES
The critical water quality problems for salmonids in the Snohomish River Basin are DO,

temperature, and chronic turbidity. Dairy farm runoff, stormwater runoff from residential and
urban areas, sewage effluent, riparian vegetation removal, and golf course runoff have caused
DO, turbidity, fecal coliform, and temperature problems that negatively impact salmonids, and
estuarine and marine life. Numerous drainage ditches collecting farm runoff could provide at
least marginal rearing habitat for juvenile salmonids, despite the impaired physical habitat
found there. Yet, these surface drainages are rarely utilized because they are often water
quality limited by DO levels well below 5 mg/1, the survival threshold for salmonids.
Nutrients and biochemical oxygen demand or total organic carbon are important in that they
affect DO levels. Other pollutants are not currently at levels that are likely to reduce salmonid
survival. It is possible, however, that pesticides from agricultural, golf course, and residential
runoff could cause problems when improperly applied during the summer low flows.

9.3

CRITICAL HABITAT ISSUES IN THE ESTUARY
The lower Snohomish estuary is one of the least impacted of the estuaries entering Puget

Sound through a major urban industrialized harbor.

Although industrialization has

significantly altered nearshore habitats and deepwater benthic conditions in portions of Port
Gardner and throughout the East Waterway, areas upstream of Preston and Priest points have
been impacted primarily by diking for agricultural use. By the early 1900s, virtually all of the
shorelines of the four distributary channels were diked. As a result of diking, juvenile salmon
undoubtedly pass through this area more rapidly than they otherwise would. Less access is
available for these fish to feed in rich tidal channels draining the marshes and fewer habitats
are present in which fish can adjust to increasing salinity; loss of either of these marsh functions
can be detrimental to smolt survival (Healey 1979 and 1982). Examination of historic and
current maps of the estuary reveals that about 14.3 mi of tidal saltmarsh channels and 8.8 mi of
tidal freshwater channels were isolated by dikes and tide gates.
Diking has eliminated the contributions of organic detritus and of potential juvenile
salmonid prey from saltmarshes to the energy budget of the channels and of Port Gardner Bay.
The ubiquity of insects and freshwater cladocerans in juvenile salmonid diets (Pentec 1992)
suggests that the marshes provide considerable quantities of food to the juvenile salmon
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regardless of whether the juveniles actually enter the marsh for feeding; channels are clearly
important for this function.
In subsequent years tidal influence has been restored to some of these areas by flood-caused
dike failure. Dikes were breached on the middle of Ebey Island east of Interstate 5 in the 1950s
and at the middle of Spencer Island in the late 1960s.

The quality of the tidal

saltmarsh/mudflat/channel complexes that have formed in these areas has been documented
by Pentec (1992), confirming the high value of these habitats throughout the estuary before
diking.

Water quality measurements taken during the same study documented minor

exceedances of water quality criteria and identified high temperatures in waters with poor tidal
circulation as potentially harmful to salmonids. High temperatures (to 28°C) were experienced
briefly in shallow waters over mudflats during periods of limited tidal exchange in early
summer; such temperatures, if experienced for a prolonged period (e.g., over an hour), would
result in significant stress to salmonids. Deeper channels adjacent to these flats had much more
moderate temperatures (10 to 18°C) readily tolerated by salmonids for indefinite periods.
In its current state, the primary factor limiting the value of the estuary to juvenile salmonids
and several other species is the limited area of tidal fresh- and saltwater marshes that are
hydraulically connected to the river channels. Where such habitats have been restored, either
by natural or intentional dike breaches, they have been well-used by juvenile salmonids.
Another significant stress is the practice of log raft storage on intertidal mudflats along the
lower river and in the bay. Log raft storage has been shown to have a severe impact on benthic
infauna and epibiota. Grounded log rafts also preclude use of the occupied water column by
demersal and pelagic fish, but may provide favored roosting areas for shorebirds and
waterfowl.
Chemical contamination sources in the estuary are the subject of National Pollution
Discharge Elimination System (NPDES) permits (e.g., treated sewage outfalls, industrial
discharges) or are the subject of mandated cleanup actions (Everett landfill and Tulalip landfill
sites). Although areas of contaminated sediments have been identified in the East Waterway,
only one area of significant sediment contamination, near the outfall of the defunct
Weyerhaeuser pulp mill, is known within the study area (above Preston Point/Priest Point).
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SUMMARY OF SPECIES-SPECIFIC HABITAT REQUIREMENTS IN THE
SNOHOMISH RIVER BASIN
Salmonid species are listed in this section in order of their presumed sensitivity to

freshwater habitat factors.

9.4.1 Coho
•

Prefer low-gradient (1 to 4 percent), small tributaries that provide spawning and rearing
in one location.

If crowded, juveniles will disperse downstream and sometimes

upstream to other systems to find suitable rearing habitat and adequate food supply.
•

Summer pool habitat is a critical factor for productivity; streams with many beaver
ponds, such as Griffin and Harris creeks, produce relatively large numbers.

•

Will migrate long distances to find more appropriate habitat at different times of year.
-

Summer low flows are very important in the tributaries (e.g., Griffin Creek).

-

Summer low flows in the Snoqualmie, Skykomish, and Snohomish mainstems are
only important to the extent that mainstem low flows affect water levels in
flood-plain sloughs and tributaries.

•

Productivity is proportionate to slough/off-channel habitat within migration distance of
spawning streams.

•

-

Loss of flood-plain habitat is currently the dominant limiting factor.

-

Accessibility and connectivity of flood-plain tributaries is very important.

-

Enhanced habitat in flood-plain portions of tributaries would benefit coho.

Chronic turbidity can cause serious survival problems.
-

Farms, new development, and logging contribute to siltation in places.

-

Erosion of unvegetated banks may contribute to siltation.

•

Winter refugia is a limiting factor.

•

Large woody debris is needed in small streams to create pools and cover.

•

Rootwads and large-diameter riprap banks in the mainstem rivers can provide cover for
rearing and adult holding. Riprap generally reduces fish usage and habitat value.
-

Wood in the Snoqualmie is old and may not last much longer.

-

Prior to navigational improvements, all the major rivers, especially the Snoqualmie,
featured many wood jams.

-

Improved riparian conditions would benefit coho.
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Smolts spend April through June in the estuary. Summer rearing for fry (April through
August) occurs in estuary as well. These fry must migrate down from streams and
rivers to rear in the estuary. Hence, coho could benefit from tidal marsh restoration.

9.4.2 Steelhead
•

Steelhead have probably the widest range of habitat use of any of the salmonids,
making them difficult to categorize. They spawn and rear on the largest rivers (upper
mainsteam Snohomish) to small tributary creeks in this basin.

•

Prefer upper mainstem rivers and large stream tributaries such as the Raging, Tolt,
Pilchuck, and Skykomish rivers (2 to 6 percent gradient, cobble/gravel/boulder
streams); may use smaller tributaries also used by coho.
-

North Fork Skykomish features excellent steelhead habitat; North Fork Tolt is also
good.

•

-

Steelhead use large rivers for all life stages.

-

Summer low flows are very important in larger tributaries.

Although riparian forests benefit steelhead, steelhead favor deep glides and
bedrock/boulder pools.
-

Wood does provide cover for adults and juveniles.

-

Shade is important to provide cool summer water temperatures.

-

Improved riparian conditions would benefit steelhead.

•

Accessibility and connectivity of flood-plain tributaries is very important.

•

Many productivity problems are currently concentrated in two basins:

•

-

Pilchuck River - temperature, lack of cover, Granite Falls sewage discharge

-

Woods Creek - livestock trampling of banks, temperature, lack of cover

Tidal marsh conditions are probably not a limiting factor, but they could be in the future
if population size increases.

9.4.3 Summer Chinook
•

Prefer to spawn and rear in large rivers; extensively use the mainstems of the
Snohomish, Skykomish, and Snoqualmie rivers; summer chinook rear in mainstem
rivers through the summer.

•

Summer chinook are the most sensitive of anadromous species to low-flow conditions in
the mainstem rivers.
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Water quality (DO, temperature, turbidity) in mainstems is important because of
extended residence time of fry and early (summer) migration by adults.

•

Large woody debris is needed in small streams to create pools and cover.

•

Rootwads and large-diameter riprap banks in the mainstem rivers can provide cover for
rearing and adult holding. Riprap generally reduces fish usage and habitat value.
-

Wood in Snoqualmie is old and may not last much longer.

-

Prior to navigational improvements, rivers featured many wood jams that created
large holding pools for adult migrants.

•

Improved riparian conditions would benefit chinook.

Summer chinook are present in the estuary March through July. Tidal marsh conditions
are probably not currently a limiting factor because of small current population size, but
they could be in the future if population size increases; summer chinook could benefit
from tidal marsh restoration.

•

Deep pools for holding are important.

9.4.4 Fall Chinook
•

Prefer river mainstems and large tributaries such as the Pilchuck, Sultan, Wallace, Tolt,
and Raging rivers.

•

Limited river rearing in spring.

•

Less sensitive to documented problems in the Snohomish River Basin (water quality,
riparian conditions, low flows) because of short residence in river system. Summer and
fall juveniles rear about 3 months in freshwater; their life histories are about the same as
far as we know.

•

Fall chinook are present in the estuary April through July. Tidal marsh conditions are
probably not currently a limiting factor, but they could be in the future if population
size increases; fall chinook could benefit from tidal marsh restoration.

9.4.5 Pinks
•

Spawn primarily in mainstem and larger tributaries; outmigrate immediately.

•

Adults possibly sensitive to late summer water quality and low-flow conditions in the
mainstems.

•

Pinks are present in the estuary in March through May.

•

Tidal marsh restoration would benefit pink salmon.
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9.4.6 Chum
•

Spawn in mainstem and some tributaries; fry move downstream quickly after
emergence.

•

Not very vulnerable to documented problems (water quality, riparian conditions, low
flows) because of their short residence times in the river.

•

Chum are present in the estuary in April and May.

•

Populations can be food-limited in the estuary; tidal marsh restoration would benefit
chum.
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10.0 STRATEGIES FOR IMPROVING FISH HABITAT
AND WATER QUALITY

10.1

RESTORATION STRATEGIES AND PRIORITIES

Because fixing important water quality problems will improve habitat conditions, and vice
versa, fish habitat and water quality enhancements for the Snohomish River Basin can be
considered together. Water quality improvements could be achieved partly in association with
direct habitat improvement projects.
Based on a limiting factors assessment, strategies to restore fish production should focus on
(1) improving flood-plain habitat, primarily through riparian restoration; (2) restoring
saltmarsh habitat and distributary channels in the estuary; and (3) eliminating barriers to fish
passage. To overcome more than 100 years of impacts, significant restoration of habitat in the
Snohomish River Basin would require a determined effort by resource and regulatory agencies.
Although much of the benefit of riparian restoration would not be completely achieved for
decades or as long as a century, because it takes that long for conifers to mature and provide
shade and functional woody debris to larger streams and rivers, the importance of riparian
restoration cannot be overemphasized. Many of the critical areas for habitat restoration are
located on agricultural land, so the participation of farmers will be necessary to achieve riparian
and habitat improvements.
Restoration priorities for the Snohomish River Basin are presented in Table 10-1 and shown
on Map 6, Potential Priority Areas for Fish Habitat and Water Quality Restoration for Selected
Mainstem and Tributary Reaches. Productivity also could be improved by reducing nonpoint
source pollution from agricultural and residential runoff, naturalizing channels, and improving
of base flows in lowland streams.
Prioritization of restoration efforts was based on current habitat conditions, cost efficiency
of habitat improvement efforts, and risk of future habitat degradation (Table 10-2). Areas are
ranked from 1 (highest priority) to 3 (lowest priority). This prioritization scheme was based on
the principle that it is best to focus restoration on slightly degraded systems that can be restored
to good conditions relatively easily, rather than focusing on heavily impacted systems whose
hydrology has been drastically altered. This concept is different from the current approach by
Snohomish County. The county recently has focused efforts on Quilceda, Allen, and French
creeks, which are all highly impacted streams with poor habitat conditions.
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Table 10-1

Summary of tributary conditions and restoration priorities.

1

Restoration
2
priority

Degradation
3
risk rating Notes

Overall condition

Principal fish species

North Fork Skykomish

Good

Chinook, steelhead

3

3

Forest production and wilderness land.

South Fork Skykomish

Good

Coho, chinook, steelhead

3

3

Forest production and wilderness land; fish are trucked
into this river past Sunset Falls.

Wallace River

Urbanization, residential
impacts (Gold Bar)

Coho, pink, chinook,
chum, steelhead

2

1

Important spawning and rearing habitat; restoration may
be limited by urban conditions in Gold Bar.

May Creek

Urbanization, residential
impacts (Gold Bar)

Coho, steelhead

2

1

Restoration may be limited by urban conditions in Gold
Bar.

Sultan River

Good

Coho, chinook, chum,
steelhead

3

2

Important spawning and rearing habitat; current land use
limits habitat impacts.

Elwell Creek

Fair to good

Coho, steelhead

2

1

Small creek, limited amount of habitat potential.

Woods Creek

Agricultural and residential
impacts

Coho, chinook, chum,
steelhead

1a

1

Establishment of forested riparian corridor and livestock
fencing would improve productivity.

Haskel Slough

Unforested riparian zone,
channel choked with grass

Coho, steelhead

1a

3

Establishment of forested riparian corridor would shade
out grasses and improve productivity.

Small flood-plain
tributaries and side
channels

Channelized, deforested,
disconnected from rivers

Coho, summer chinook,
steelhead

1

1

Naturalization of channels and planting of forested buffers
would improve productivity.

Skykomish

Fair to good

Coho, pink, chinook,
chum, steelhead

3

1

Wide river, difficult to shade with trees; high woody debris
supply; important spawning and rearing habitat, needs
protection.

Middle Fork
Snoqualmie River

Good

Resident trout

3

3

Forest production and wilderness land.

South Fork
Snoqualmie River

Good

Resident trout

3

3

Forest production and wilderness land. Extensively
leveed and urbanized through North Bend reach.

River segment/tributary
Skykomish system

Snoqualmie system
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(continued).

1

Restoration
2
priority

Degradation
3
risk rating Notes

Overall condition

Principal fish species

North Fork
Snoqualmie River

Good

Resident trout

3

3

Forest production land.

Tokul Creek

Good

Mostly resident, limited
coho and steelhead

3

3

Forest production land. State steelhead hatchery at
mouth.

Griffin Creek

Good

Coho, steelhead

1, 3

2

Flood-plain section of creek merits riparian enhancement;
this is the most important coho stream in the basin.

Raging River

Urbanization, residential
impacts (Fall City)

Chinook, steelhead, coho

3

1

Important spawning and rearing habitat; restoration may
be limited by urban conditions.

Patterson Creek

Agricultural and residential
impacts

Coho, steelhead

1a

1

Important spawning and rearing habitat; naturalization of
channels and planting of forested buffers would improve
productivity.

Tolt River

Good, some loss of side
channels

Coho, pink, chinook,
chum, steelhead

2

3

Side channels in lower mainstem could be restored and
enhanced.

Harris Creek

Agricultural impacts on
flood plain

Coho, chum, steelhead

1

1

Important spawning and rearing habitat; naturalization of
channels and planting of forested buffers would improve
productivity.

Tuck Creek

Channelized, deforested,
drained

Coho, steelhead

1

2

Naturalization of channels and planting of forested buffers
would improve productivity.

Cherry Creek

Agricultural impacts on
flood plain

Coho, chum, steelhead

1

1

Naturalization of channels and planting of forested buffers
would improve productivity.

Riley Slough

Unforested riparian zone,
channel choked with grass

Coho, steelhead

1a

3

Establishment of forested riparian corridor would shade
out grasses and improve productivity.

Small flood-plain
tributaries and side
channels

Channelized, deforested,
disconnected from rivers

Coho, summer chinook,
steelhead

1

1

Naturalization of channels and planting of forested buffers
would improve productivity.

Snoqualmie River

Unforested riparian zone,
agricultural impacts

Pink, chinook, chum,
steelhead

1

2

Conifer riparian forest would provide significant shade for
the channel and provide large woody debris for salmonid
cover.

River segment/tributary
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(continued).

1

Overall condition

Principal fish species

French Creek

Heavy agricultural impacts,
unforested riparian zone

Coho, steelhead

Pilchuck River

Localized impacts, mostly
fair to good

Coho, pink, chinook,
chum, steelhead

Quilceda and Allen
creeks

Heavy agricultural and
residential impacts

Small flood-plain
tributaries and side
channels
Estuary and marsh
tributaries

River segment/tributary

Restoration
2
priority

Degradation
3
risk rating Notes

Snohomish system

1
2

3

2

2

Riparian forest would filter agricultural runoff and provide
shade and cover for fish; stream is in bad shape.

1, 2

1

Field review needed to identify appropriate restoration
opportunities; fish are in tributaries - Dubuque, Little
Pilchuck, Star.

Coho, chum, steelhead

2

3

These streams were likely very productive coho streams
in the past, but large-scale impacts will be difficult to
mitigate.

Channelized, deforested,
disconnected from rivers

Pink, chinook, chum,
steelhead

1

1

Naturalization of channels and planting of forested buffers
would improve productivity.

70 percent of salt marshes
eliminated

All fish

1

1

Breaching of dikes, re-creation of saltmarsh, and
reduction of log rafting all would improve estuary
conditions for fish.

Upper Snohomish River Good

Coho, pink, chinook,
chum, steelhead

3

1

This section of channel is in good shape, and it merits
strict protection against future impacts.

Middle Snohomish River Heavy agricultural impacts,
unforested riparian zone

All fish use this area as
transport

1

2

Riparian forest would filter agricultural runoff and provide
large woody debris for salmonid cover.

Lower Snohomish River Agricultural and diking
impacts, unforested riparian
zone

All fish

2

2

Critical issue is restoration of saltmarsh.

Overall condition was qualitatively determined by review of water quality data, assessment of channel-adjacent and basin-wide land use, review of relevant fish data, and
field reconnaissance.
Restoration priority key:
1a = high priority and early action recommendation
1 = high priority
2 = medium priority
3 = low priority
Degradation risk rating key:
1 = high risk of degradation without protection
2 = moderate risk of degradation
3 = low risk of degradation
The degradation risk rating is a relative measure of a stream's risk of habitat degradation based on the potential for future residential and urban development under existing
zoning and land-use regulations. Degradation risk ratings could change if zoning or regulations are altered.
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Nonpoint source pollution currently represents the most significant water quality problem
in the Snohomish River Basin.

Agricultural operations and hobby farms, for example,

contribute excessive nutrients and high amounts of fecal coliforms to flood-plain tributaries,
resulting in low DO levels. This situation was clearly demonstrated in a water quality study
conducted from 1987 to 1990 by the Tulalip Tribes (Thornburgh et al. 1991). Water quality
improvement efforts should focus on reducing the nonpoint pollutant loadings from these land
uses. The counties should work with farmers to encourage fencing and planting of riparian
corridors along flood-plain tributaries. In addition to their other beneficial functions, these
forested riparian corridors would provide biofiltration of runoff from adjoining land, prevent
animal access to streams, and inhibit the dumping of waste materials.
Table 10-2 Restoration prioritization methodology.

Current habitat
condition

Risk of degradation

Good

Slightly degraded
(mostly riparian
modification and
nonpoint source
pollution)

Highly degraded
(large amounts of
development in basin)
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Cost efficiency of
habitat improvement
efforts

Restoration priority

low risk

-

3

moderate risk

-

3

high risk

-

2

high

1

low

2

high

2

low

3

Not applicable to
restoration priority

Not applicable to
restoration priority
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Based on measurements in the Tulalip Tribes water quality study (Thornburgh et al. 1991)
and extrapolation of measured problems to similar streams, the following streams merit water
quality enhancement efforts: Quilceda, Allen, French, Dubuque, Star, Little Pilchuck, Patterson,
Tuck, Griffin, Harris, Cherry, and Woods creeks; Riley and Haskel sloughs; marshland
tributaries, side channels, and oxbows of the mainstem rivers.
Flood-plain restoration can benefit three anadromous fish species—coho, summer chinook,
and steelhead—and such restoration should focus on restoring summer rearing and winter
refuge habitat. Flood-plain restoration near the confluence of the three rivers, (Skykomish,
Snoqualmie and Snohomish) would be especially beneficial because of the proximity of many
habitat types in that area. The following are examples of worthy flood-plain enhancement
projects:
•

Establishing a riparian corridor on Patterson Creek (and other small agriculturally
impacted streams) to provide shade and woody debris and to filter agricultural runoff.

•

Naturalizing ditched channel sections.

•

Establishing a forested riparian buffer on the flood-plain sections of streams such as
Cherry and Harris creeks and unnamed drainages.

•

Planting trees along Haskel Slough, Riley Slough (and its tributaries Foye and High
Rock creeks), and Peoples Creek to filter runoff, to shade out pasture grasses that clog
the channels, and to provide cover and pool habitat.

•

Planting and maintaining a forested buffer along the Snoqualmie and Snohomish rivers.

•

Removing (or replacing with improved type) flood-gate culverts to restore more natural
hydraulic regime within channelized tributaries of flood plains (especially in the
Snoqualmie), and thereby improve access to spawning, rearing, and overwintering
habitat for salmonids.

•

Retrofitting older levees and revetments using bio-engineering design measures that
incorporate extensive use of large woody debris and upper bank planting with native
species.

•

Relocating levees and revetments farther from channel to allow rivers and streams
broader areas on the flood plain to meander and reform natural channels.

•

Acquiring persistently damaged property and relocating homes off the plain.

Some studies discount the effects of forest shading on large rivers like the Snoqualmie
(Adams and Sullivan 1989, Doughty et al. 1991, 1993), but summer aerial photographs of the
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Snoqualmie indicate that a mature conifer stand could shade more than half the channel,
although it would not be possible to create a canopy overhanging and covering the channel.
Mature riparian forests adjacent to the Snoqualmie and Snohomish rivers would provide other
important functions, such as biofiltration of runoff from adjacent lands and natural bank
stabilization. Woody debris recruited from a riparian forest would provide cover for migrating
adults and for summer chinook fry.
Additional flood-plain restoration projects for the Snoqualmie River already have been
identified in King County's Flood Hazard Reduction Plan and the Waterways 2000 report
(Fuerstenburg, B. King County Department of Natural Resources, pers. comm., 1996).

In

addition, several successful flood-plain restoration projects conducted by King County Surface
Water Management on nearby rivers, the Green and the Cedar, should be evaluated before
designing similar projects in the Snohomish River Basin (Fuerstenburg, B. King County
Department of Natural Resources, pers. comm., 1996).
In addition to riparian management, nonpoint source pollution can be reduced by
educating the public on water quality issues, and on how their actions can improve local
streams. Existing education programs run by the conservation districts, the counties, Ecology,
and the Puget Sound Water Quality Action Team should be maintained and encouraged.
Restoration of saltmarsh habitat in the estuary would increase the amount of food available
for chum and pink salmon outmigrants, and provide transitional habitat for all outmigrant
salmonids. Estuarine enhancements would be relatively easy: simply breaching dikes in the
tidal zone will result in the creation of saltmarsh habitat in a few years.

More active

enhancement, including excavation of distributary channels, will increase the rate of fish
habitat creation. At least two apparently successful estuarine restoration projects, on Ebey
Slough and on the southern half of Ebey Island, already have been conducted by the City of
Marysville and Snohomish County (e.g., Ives et al. 1985).
Replacement of impassable culverts, as well as tide and flood gates, should be given strong
consideration as a means of increasing habitat quickly.

Benefits would be achieved

immediately, and replacement of culverts on logging roads may cost only a few thousand
dollars. Replacement of culverts on county or state roads often costs in the range of $50,000 to
$100,000. Several inventories of problem culverts exist. The WDFW maintains a computer
inventory of problem culverts (Burns, T. WDFW, pers. comm., 1996) The Tulalip Tribes have
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recently inventoried blockages in the Dubuque Creek subbasin, and Washington Trout has
inventoried culverts on Woods and Griffin creeks and the Tolt River (Chamblin, M. WDFW,
pers. comm., 1996). Several successful passage improvement projects have been completed in
the last few years. Tuck Creek has a new flood gate and fish ladder, Allen Creek has a new tide
gate, and French Creek has a new fish ladder.
Land-use regulation must be a component of efforts to preserve and restore fish habitat in
this basin. As stated by Mike Chamblin of WDFW, “There is no point restoring degraded
habitat if we’re not going to protect the habitat we have.”

However, developing policy

recommendations is beyond the purposes of this report by the Snohomish River Basin Work
Group.

10.2

SNOHOMISH ESTUARY WETLANDS INTEGRATION PLAN

The Snohomish Estuary Wetlands Integration Plan (SEWIP; City of Everett et al. 1997),
prepared as a demonstration project by the City of Everett and a group of agencies under the
Statewide Wetland Integration Strategy (SWIS), describes a restoration strategy for the
Snohomish estuary. This strategy has as its central objective the restoration of tidal influence to
large tracts of currently diked lands. A team of representatives from several local, state, and
federal agencies met over a 2-year period to develop the plan, which is, in essence, a proposed
approach to integrate the wetland regulatory frameworks of local, state, and federal agencies
into a single process. The SEWIP is intended to provide a scientifically based inventory of all
wetlands functions and quality in the lower estuary. The SEWIP seeks to provide a framework
for expediting review of development proposals and assignment of mitigation requirements for
unavoidable adverse impacts to wetlands. Using knowledge of the form and functions of
natural saltmarshes, and examples of existing tidal marshes that have developed where dikes
have been broken by floods, the SEWIP team developed a model that can be used as a guide for
restoring vegetated wetlands, both tidal and palustrine.

A second model is applicable to

unvegetated mudflats.
The SEWIP is composed of the following five basic elements (City of Everett et al. 1997.)
1. Inventory and assessment of wetland resources and quantification of the performance of
wetland functions
2. Identification of areas where development could occur without significant impact on the
estuary
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Listing of enhancement and restoration sites and specific restoration actions

4. Wetland compensation policies and replacement ratio formulae, and requirements for
monitoring and bonding of mitigation projects
5. Recommended management guidance to local governments for the future drafting of
shoreline master plans, Growth Management Act plans, and sensitive areas ordinances
for the estuary
An additional restoration objective of the SEWIP is elimination of log raft storage on tidal
flats along the lower river channels and mudflats.

Reductions in contaminant loadings,

although not a restoration priority of the SEWIP, would nonetheless be considered desirable for
the long-term health of the estuary.

Existing administrative and regulatory controls and

changing industrial patterns in the estuary (e.g., mill closures) appear to be effective in
reducing contaminant sources. Any reduction in contaminant loadings is considered desirable.
The SEWIP has not yet been formally adopted or undergone necessary SEPA review, but
the Port of Everett has recently used the SEWIP model and associated mitigation policies to
design mitigation for a major planned development along the Everett waterfront.

This

mitigation will restore a saltmarsh/mudflat complex of approximately 24 acres along lower
Union Slough (Pentec 1996b).

10.3

FLOW ENHANCEMENTS

Artificial recharge of Snohomish River Basin aquifers is not a likely strategy at this time,
because other habitat enhancements would be more effective in improving habitat conditions.
Current water withdrawals do not have a perceptible effect on summer flows, and the more
direct impacts of past and present land use are of greater concern for fish in this basin.
Artificial recharge of groundwater may become an appropriate enhancement, depending on
future decisions regarding water supply development. If the North Bend aquifer is tapped to
provide continuous water supplies, reduction in summer flows in the mainstem Snoqualmie
River will eventually be measurable without mitigation. Compensation for this reduction in
flow could be achieved by using winter and spring flows from the North or Middle Fork of the
Snoqualmie to feed an artificial recharge system located on the terraces above these rivers
(Golder 1996). It remains unclear however, whether artificial recharge would be effective in this
area, because existing reports do not provide the type of information necessary to assess
recharge schemes.
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especially

large

developments like those on Tolt and Novelty hills, would mitigate two problems at once.
Injection wells could reduce runoff that causes erosion problems in the streams draining these
hills and could deliver water to an unconfined aquifer that delivers water to the Snoqualmie
River.

Urbanization and other land developments reduce groundwater recharge because

infiltration rates are reduced (sometimes to zero) on landscaped and paved surfaces (Booth and
Jackson 1997). Infiltration systems for stormwater runoff should be encouraged throughout the
basin to help increase or maintain groundwater recharge and improve summer streamflows.
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11.0 DATA GAPS AND FUTURE DATA-GATHERING PRIORITIES

This chapter summarizes what are believed to be the significant gaps in information or
understanding of issues important to management of fisheries, water quality, and water supply
in the Snohomish River Basin. These data gaps have been organized by chapter topics found in
this document, except that an additional section has been included to summarize the remaining
data gaps identified in the Initial Watershed Assessment (PGG 1995).

11.1

URBANIZATION

Snohomish County has conducted only two basin planning efforts within the Snohomish
River Basin—for French Creek and for Quilceda and Allen creeks. King County has not
conducted any subbasin assessments in the area because King County’s surface-water
management service area does not extend into the Snoqualmie Valley. Therefore, there has
been little investigation, analysis, or prioritization of specific urbanization threats to aquatic
resources of the streams and rivers of the Snohomish River Basin.

Useful efforts and

information would include a comprehensive reconnaissance of stream conditions in the
developing areas; estimation of impervious surface coverage at build-out and rates of
development, by subbasin; and a review of zoning and stormwater management regulations,
by subbasin.
Much of the literature and research on aquatic resource conditions in urban areas has, by
necessity, covered only relatively unmitigated development, and it remains to be seen how
effectively comprehensive water quality and flow management controls will mitigate aquatic
resource effects. For example, King County’s stormwater management regulations became
much more stringent in 1990, but insufficient time has passed to evaluate their effectiveness.
However, the general effects of urbanization are presented in Chapter 3.

11.2

WATER QUALITY

Conducting the following information-gathering efforts would help evaluate and prioritize
specific habitat restoration projects.
•

Collect spatially and temporally distributed water quality information.
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Conduct a temperature study to determine the effect of large trees on creating
temperature refugia in the Snoqualmie River, and to determine the locations of
groundwater upwelling areas (which provide cold water).

11.3

GROUNDWATER

Because groundwater investigations are ongoing, this report does not contain the most
recent information on measured or modeled groundwater conditions. With respect to the
information included in this report, there are still several important unanswered questions
about basin aquifer systems:
1. How do water levels in the upper, unconfined aquifer respond to pumping in the lower,
confined aquifer?
While there may be a continuous aquitard between the upper, unconfined aquifer and the
lower, confined aquifer, pumping from the lower aquifer will create a downward hydraulic
gradient in the upper aquifer. To estimate the effect of groundwater withdrawal from the
lower aquifer on flows in the Snoqualmie River, it is first necessary to estimate how it will
affect water levels in the upper aquifer, and thereby affect streamflows in the Snoqualmie
River and tributary streams. Data from ongoing efforts to model the impacts of valley
aquifer withdrawals on streamflows were not reviewed in this report, and will be necessary
to evaluate the relative costs and benefits of this water source.
2. Assuming that aquifer withdrawals have some effect on Snoqualmie River flows, is
there a time lag between aquifer pumping and river response?
If so, then peak summer aquifer withdrawals may not affect flows in the river because
autumn/winter rains would provide runoff that would sustain desirable instream flow.
This question can be answered only with a sophisticated and calibrated model of
groundwater and surface-water connections.
3. Does the lower, coarse-grained unit of the Olympia fluvial gravel of the North Bend
aquifer daylight at ground surface?
Golder (1995) has postulated that the gravel deposits of the lower, confined North Bend
aquifer extend to the ground surface in some locations. If this were true, then this aquifer
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could be recharged relatively quickly to replace water withdrawn from wells. No evidence
has been developed to demonstrate a surface connection, however, and such a connection
would require surprising geologic stratigraphy. More complete geologic mapping and
additional borings would be necessary to determine the likelihood of a surface connection
for the deposits within the aquifer. When calculating transmissivity for the aquifer, Golder
assumed no connection to the surface. Additional transmissivity assessments using other
assumptions for aquifer boundary conditions might be informative.
The seepage study of the Snoqualmie River conducted by the USGS, as discussed in
Chapter 5, did not account for several significant surface-water contributions to groundwater.
The seepage study should have included additional flow monitoring points between Carnation
and Monroe. It is not possible to determine from the gathered information where and why the
river is losing water and whether this loss is associated with the deep aquifer that was partially
mapped by the USGS. Improvement of this seepage study, however, may not be a priority at
this time, unless surface-water and groundwater connectivity in this section of river will have
bearing on near-term issues.
Within the same study, the USGS used time-domain electromagnetic survey methods to
partially map a deep aquifer in the Snoqualmie Valley and beneath Tolt Hill northwest of
Carnation. The study located the eastern and western edges of this aquifer, but it did not
determine the northern and southern extent or the hydraulic gradients in this aquifer. This
information would be necessary to evaluate the supply potential and the surface-water
connections of this aquifer. Improved characterization of this aquifer would be a priority, with
increased interest in this aquifer.
Estimates of direct groundwater flow to Puget Sound from the Snohomish River Basin are
within the measurement errors of many hydrologic inputs and outputs.

While direct

groundwater outflow to Puget Sound is quite small as a fraction of the overall water budget,
the absolute amount may be quite substantial when considered as a water supply source.
Additional information is needed to quantify the annual flows of this “wasted” water and to
determine where this water can be extracted without affecting streamflows.

11.4

FISH RESOURCES AND FISH LIMITING FACTORS

Juvenile salmonids are known to use the mainstem rivers for rearing (see Chapter 6, Section
6.5), so the presence of woody debris in the low-gradient sections of the mainstem Snoqualmie
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and Snohomish rivers is assumed to provide beneficial cover, food substrate, and deeper pool
habitat. Woody debris counts are quite low in these areas because there are too few mature
conifers growing in the riparian zone to provide woody debris recruitment. Little is known
about the habits and behavior of juvenile salmonids in mainstem rivers, however, so the benefit
of woody debris is extrapolated from its known use in other habitats.
Escapement numbers for Snohomish River chinook stocks show a downward trend,
indicating continuing survival problems at some stage or stages of the fish’s life history. The
cause of the decline in chinook stocks is not known. On the other hand, Snohomish River coho
stocks appear relatively stable, which is an anomalous condition for Pacific Northwest coho
stocks, most of which are in decline. It is also not known why Snohomish River coho appear to
be faring better than their neighbors.
A quantitative assessment of habitat potential and limiting factors in this basin has not been
conducted. Replicating the quantitative habitat assessment conducted by Beechie et al. (1994)
for the Stillaguamish River Basin would be informative. Another limiting factor is the lack of
information and knowledge about use of the estuary, especially by out-migrating smolts.

11.5

HABITAT CONDITIONS

As discussed in Chapter 7, Fish Habitat Conditions, a qualitative methodology was used to
set the instream flow requirements for the basin, and therefore, the flow requirements may not
reflect flows that are actually critical for maintaining rearing habitat in the summer. In order to
determine the flows at which habitat and productivity are limited, and to redefine the instream
flow requirements, quantitative hydraulic and habitat assessments would need to be
conducted.
The duration of stress is important to fish survival at any life stage, and therefore prolonged
periods of suboptimal flow cause more mortality than short periods of suboptimal flow.
Complicating matters, the critical duration of a low flow varies with the magnitude of the flow.
While fish managers and fish scientists often speak of the 7-day low flow, and while the lowest
instream flow requirements are set for the entire months of August and September, there is
very little information on critical durations of low flows.

Additional research on critical

durations of low-flow periods would be helpful to fish and water supply managers.
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In support of a quantitative limiting factors analysis (see above in Section 11.4),
quantification of side-channel and channel-adjacent wetland loss would be helpful.

This

analysis has helped quantify the amount of flood-plain channel that has been modified either
by straightening, hardening, or diking, but it has not quantified how much channel-adjacent
slow-water habitat has been lost.

11.6

WATER DEMAND

An improved evapotranspiration estimate is needed for mountainous, snow-dominated
areas and could be developed through literature review or assessment of flow and precipitation
data from a high-elevation basin. This research effort would improve the estimation of the
overall water budget for the basin. It would also be useful to review precipitation data and
determine if the estimate could be improved for average precipitation across the basin.
None of the water budget information developed in this report can be applied on a
subbasin scale for the small tributaries draining basins with residential land use. The effects of
past and current groundwater withdrawals for rural residential use on streamflow conditions
are unknown.

Furthermore, the annual water budget developed for this report does not

specifically address the critical summer flow period. Developing a seasonal or monthly water
budget may be more informative, although seasonal budgets are less accurate than annual
budgets.
Maintenance of all the long-term stream gauge records is an important priority in this basin,
and additional flow gauges are needed on Quilceda, Allen, French, Dubuque, Star, Little
Pilchuck, Patterson, Tuck, Tokul, Griffin, Harris, Cherry, Woods creeks, and on Marshland
tributaries. These gauges should focus on collection of low-flow and base-flow data so that the
low-flow characteristics of these smaller streams can be determined.
Current water use by agriculture has been estimated by applying use factors to the acreage
in either cultivation or in pasture. No attempts at direct measurement have been made. Future
agricultural use is highly uncertain and is dependent on many economic factors affecting the
viability of agriculture in the Snohomish River Basin.
Analyzing population growth estimates allows estimation of future regional water demand,
but interbasin water transfers make it impossible to estimate demand specifically on the
Snohomish River. Water managers will have to evaluate intra- and interbasin trade-offs to
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determine appropriate locations for potential water withdrawals to meet regional water
demand.

11.7

STRATEGIES FOR IMPROVING FISH HABITAT AND WATER QUALITY

River habitat surveys were not conducted as part of this investigation; therefore, while this
report describes the types and general locations of appropriate fish enhancement projects, it
cannot provide specific locations and conceptual designs for enhancement projects because
detailed site-level information is not available. Before specific enhancements or mitigations are
pursued, field surveys of habitat conditions in the Snoqualmie, Skykomish, and Snohomish
rivers and their flood plains need to be conducted. Among the specific information that is
needed are the following:
•

locations and numbers of flood gates blocking fish access to tributaries and distributary
channels

•

surface-water connections between rivers and abandoned oxbows

•

summer and winter flow conditions in flood-plain tributary channels

11.8

INITIAL WATERSHED ASSESSMENT

The recommendations for data gathering and analysis from the Initial Watershed
Assessment (PGG 1995) have been reviewed. Some recommendations from the PGG document
are reiterated below.
“Long-term monitoring of regional water-level trends should occur within a network of
monitoring wells completed in all of the principal aquifer systems.

Wells previously

monitored by the USGS should receive first priority since they have established data
records.

Additional monitoring points will likely be required, especially in areas of

proposed future development. Data collection should be coordinated between involved
agencies and purveyors, and may be integrated with wellhead protection programs.”
“Monthly water-use data should be collected for all major groundwater and surface-water
sources to provide better definition of actual water withdrawals from the system. All new
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water sources should be fitted with flow-measuring devices that record cumulative flow
statistics…”
“Collection of additional water quality data is recommended, especially for water bodies
where data were unavailable. Future water quality data collection and monitoring efforts
should be particularly focused on rapidly developing areas in the basin, as these are places
new problems are likely to arise.”
“Additional water temperature data should be gathered (especially during low-flow
periods) for areas where Class A temperature violations have been recorded. Violations
have typically occurred in the lower reaches of the basin, particularly in agricultural areas
where water velocities slow and shading riparian vegetation has been removed…”
“Continued monitoring of the Tolt summer steelhead stock should occur, as this stock is at
high risk of extinction due to habitat degradation and over-utilization according to the
American Fisheries Society…”
“Recent groundwater-level declines in the vicinities of Snoqualmie Falls, Carnation, and the
eastern edge of the Sammamish Plateau should be investigated. Groundwater withdrawals
should be determined in these areas and compared to water-level declines.”
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12.0 CONCLUSIONS

Conditions of the streams and rivers of the Snohomish River Basin range from pristine to
moderately impacted to heavily impacted. This range of conditions reflects the variety of land
uses found in the basin, including wilderness, timber production, agriculture, residential
development, and urbanization. Most of the water bodies greatly affected by human activities
drain the suburban foothills or lie in the flood plains of the major rivers. Principal impacts have
been caused by construction of dikes, channelization of floodplain tributaries, elimination of
wetlands and estuarine habitat, riparian forest removal, nonpoint source pollution, industrial
discharges, construction of fish passage barriers, log rafting, and woody debris removal.
Use by modern human society of the Snohomish River Basin is not new, and many of the
habitat impacts on the flood plains and rivers of the Snohomish River Basin occurred over 100
years ago. Navigation and fishing records from the late 1800s show that woody debris was
being removed from the river to improve navigation and large quantities of salmon were being
harvested from the river. Maps from 1921 of the western portion of the basin already show the
cities and towns located in the Snoqualmie and Snohomish valleys, as well as agricultural
development across the flood plains. Aerial photographs of the estuary in the 1950s reveal far
more widespread log rafting and processing than occur today, and also show more
river-adjacent industries in operation. With regard to some human activities, the basin is
currently recovering from some (but not all) past impacts. Currently, rapid urbanization is the
cause of the most drastic detrimental habitat changes occurring in the watershed
Fish habitat is at risk in watersheds with more than 10 percent effective impervious surface
or potential for such future development.

Without immediate protection of important

remaining habitat and careful mitigation, continued urbanization poses a threat to many of the
salmonid-bearing streams in the Snohomish River Basin. Current conditions in small streams in
the watershed vary widely as a function of the amount of development that has already
occurred.

12.1

STREAMFLOW AND WATER USE ISSUES

Because of the natural seasonality of precipitation and snowmelt, streamflows in the
Snohomish River Basin are normally quite low in August and September, a period of high
stress for fish and the aquatic ecosystem.

During August and September, streamflow is

generated by melt of remnant snowfields in the Cascade Mountains, discharge from lakes and
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wetlands, slow drainage of hillslope soil moisture (interflow), and groundwater discharge from
surficial aquifers. Groundwater contributes a significant proportion of streamflow in the basin
during late summer and early fall. The ecological concern regarding groundwater withdrawals
is reduction of groundwater discharge to stream systems during this low-flow period. Even if
groundwater is withdrawn from confined aquifers not directly connected to surface waters,
these withdrawals will affect recharge from surficial aquifers and indirectly reduce
streamflows. Withdrawal of groundwater from an aquifer recharged by flowing water, as is
the case with the lower Raging and Tolt rivers, would cause a reduction in streamflow.
In addition to its role in streamflow, groundwater is important in the Snohomish River
Basin as a potential large-scale source of domestic regional water supply and as the source of
water for rural homes unconnected to regional water supply systems. The basin contains at
least two large aquifer systems potentially capable of serving a portion of regional needs. Both
of these aquifer systems are located in the Snoqualmie Valley and are separated by the
hydraulic barrier at Snoqulamie Falls. Groundwater leaving the basin and discharging directly
to Puget Sound (without first appearing as streamflow) is probably less than 4 percent of the
mean annual flow of the Snohomish River. Yet a single percent of the mean annual flow
equates to 94 cfs or about 51 MGD and is therefore a significant amount of water
(approximately equal to the expected increase in basin water demand).
Proposed large aquifer withdrawal projects focus on the aquifers of the Snoqualmie Valley,
and thus are likely to affect flows only in the mainstem Snoqualmie River and possibly in the
lower segments of tributaries (within the Snoqualmie Valley) in the vicinity of the withdrawals.
The flow of the mainstem Snoqualmie River is quite large with respect to the proposed aquifer
withdrawals, and if flow management strategies like those discussed in Chapter 5 are
implemented, the mainstem effects of the aquifer withdrawals would be small. This may not
be the case for potentially affected small tributaries, which need further analysis. The effects of
groundwater withdrawal can be mitigated by managing the timing of withdrawals and storing
water for summer use, by artificial recharge during the wet season, and by low-flow
augmentation.

Mitigation may be difficult if and when base flows are lowered in small

tributaries.
Substituting groundwater supplies from the valley aquifers for development of dispersed
wells could reduce the overall fishery impact of future growth. Small tributaries like Patterson,
Cherry, Harris, Dubuque, and Star creeks are very sensitive to summer flow reductions caused
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by well withdrawals, and groundwater withdrawals should be avoided in the small subbasins.
These subbasins feature relatively large areas in residential zoning and are thus subject to
residential water demand and reduced groundwater recharge in developed areas.
The sensitivity of habitat conditions to flow varies by river and stream, and more specific
modeling is necessary to assess critical flows for the larger streams. Statistical analysis of flows
does not indicate that human water withdrawals have worsened low-flow conditions in the
larger rivers at this time.

This conclusion must be tempered by the fact that insufficient

long-term flow data are available for analyzing flows in all streams where water withdrawals
occur, and that this assessment does not shed light on flow changes in small streams. PGG
(1995) demonstrated that instream flow requirements are not met due to natural climatic and
hydrologic conditions for 70 to 121 days per year at the gauges analyzed, and the analyses in
Chapter 7 substantiate these findings. Typically under natural conditions, the August instream
flow requirement exceeds both the average and the median 7-day low flow, meaning that in
more than 50 percent of all years on record, the 7-day low flow is less than the instream flow
requirement for the dry season.

The only gauge in the basin that consistently meets its

requirement is on the Sultan River.

Operational procedures of the Henry M. Jackson

Hydroelectric Project for the Sultan River water supply system have actually improved summer
flow conditions and significantly decreased the number of days in which flow targets are not
met.
Using high estimates for usage, current water use accounts for only about 2.6 percent of
precipitation or 3.0 percent of mean annual flow in the Snohomish River Basin. From the
perspective of the Snohomish River, most of this water use is consumptive (i.e., water is not
returned to the system), as the majority of water used (2.4 percent of the mean annual flow) is
exported to areas outside of the basin, including Seattle, Everett, and Bellevue. When exported
water and internal consumptive use are accounted for, total consumptive use amounts to about
2.5 percent of the mean annual flow. Total consumptive use in the summer is equal to about 12
percent of summer flow in the Snoqualmie River, 7 percent in the Skykomish River, and 7
percent in the Snohomish River. This is much greater than the actual reduction in flow, which
is tempered by reservoir management, as explained in the next paragraph.
Actual summer flow reductions were imperceptible to the analysis done here. Most of the
water withdrawn from the basin is from the Sultan River and Tolt River reservoir systems, and
is water stored from spring and winter high flows. These reservoirs are operated to release
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water in the summer to fulfill instream flow requirements; thus the current water supply
systems don’t negatively change summer flows but enhance them through flow augmentation.
One local supply can significantly affect low-flow conditions when operated to its
permitted maximum during low-flow periods. Withdrawals by the City of Snohomish can take
10 to 20 percent of the summer low flow from the Pilchuck River. At river mile 23, where the
city’s permitted diversion of 5 cfs occurs, the median 7-day low flow is estimated to be in the
neighborhood of 35 to 40 cfs, and the low would be approximately 25 cfs.
Both basin and regional population estimates are essential to forecasting future water
demand. According to the Puget Sound Regional Council (1992) and information from water
supply plans, the population served by Snohomish River Basin water will increase about
424,000 from 965,000 to 1,389,000 by year 2020. Applying a per capita usage of 121.8 gpd, this
population growth translates into a 51.6 MGD increase in total water demand.
Population within the basin is projected to increase by 109,000. The population served by
local water supplies (wells or small water districts) is currently estimated to be approximately
84,000, and this is expected to increase to 143,000. Assuming 125 gpd per person, this translates
into increased water demand of 7.5 to 12 MGD.

Combined with Everett’s projected

within-basin demand increase of 21.1 MGD, within-basin water demand is expected to increase
by 28.6 to 33.1 MGD. For regional water supplies provided by Seattle and Everett the total
projected demand is 20.8 MGD.
These estimates are again complicated by the fact that water service arrangements may
change in the future. The Cross Valley Water District is the largest local water provider in the
basin, and it obtains water both from local wells and from the City of Everett. Increasing
demand in this water district may be met either locally or regionally. The City of Granite Falls,
for instance, was served by local wells until 1994 when the city hooked up to Everett's water
supply system because of natural contamination of local groundwater.

The population

projections also are complicated by the recently permitted Blakely Ridge and Northridge
developments on Novelty Hill, which could alter the projection of within-basin water demand
by 50 percent.
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12.2

FISH HABITAT

Chinook stocks in this basin are part of the Puget Sound evolutionarily significant unit that,
in February 1998, the NMFS determined to be eligible for listing as threatened due to continued
declines in adult fish returns. As shown in Chapter 6 of this report, chinook returns have been
weak in the Snohomish River Basin. Basin-wide, coho stocks are still considered healthy,
largely due to high-productivity streams like Griffin Creek located in forest lands. Some small
streams that once produced significant quantities of coho, however, now produce very few fish,
partly because of habitat impacts. The quantity and quality of anadromous fish habitat has
been significantly reduced by a number of human activities, including construction of fish
passage barriers, channel modifications, destruction of estuarine habitat, elimination of riparian
forests, and alteration of hydrology and water quality by development and agriculture.
Because of numerous and widespread habitat modifications that have occurred in this
basin, many opportunities exist to restore or improve fish habitat. Based on a qualitative
limiting factors assessments, fish productivity restoration projects should focus on (1)
naturalization of river and tributary channels, especially reconnecting off-channel rearing and
high-flow refuge habitat; (2) restoration of riparian forests; (3) restoration of saltmarsh habitat
and distributary channels in the estuary; and (4) elimination of fish passage barriers.
Productivity could also be improved by reducing nonpoint source pollution from agricultural
and residential runoff and increasing base flows in lowland streams through artificial recharge
of shallow aquifers and reduction of shallow groundwater withdrawals.

Water quality

improvements can be achieved partly in association with direct habitat improvement projects.
Because fixing the important water quality problems will improve many habitat conditions and
vice versa, fishery and water quality enhancements for the Snohomish River Basin can be
considered together.

Also, wetland protection and restoration would help address water

quantity and quality problems, and would potentially increase refuge and rearing habitat for
fish. Riparian restorations would address water temperature, stream structure, cover, and bank
stabilization issues. Finally, as stated in the beginning of this chapter, fish habitat in small
tributaries needs protection from future development impacts.
To help prioritize restoration efforts, a quantitative limiting factors analysis needs to be
conducted. This analysis should proceed on a species-by-species basis, starting with chinook
salmon. In addition, scientific surveys should be conducted to assess juvenile salmon usage of
mainstem habitat, and the critical durations for low-flow episodes should be investigated.
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Mainstem channels should be surveyed to identify opportunities for off-channel habitat
restoration.

12.3

WATER QUALITY ISSUES

Water quality in the Snohomish River Basin is generally good in the mainstem rivers and
most tributaries, because the large areas of forest land deliver clean water to the mainstem
rivers and the upper tributaries. The relatively high gradients of many of the streams and
rivers ensure good oxygenation of the water.

Chemical water quality problems are

concentrated mainly in the lower basin and in streams that originate in and drain residential,
agricultural, and urban lands. Contaminant sources in the lower basin include livestock access
to streams, residential runoff, commercial and industrial runoff, runoff from agricultural areas,
failing septic systems, wastewater treatment plant outfalls, sediments contaminated by past
industrial discharges, missing riparian forests, and combined sewer overflows. Problems with
fecal coliforms, nutrients, DO, and elevated temperature occur in streams draining heavily
residential basins and in streams draining commercial and noncommercial farming areas.
Affected rivers include the Snohomish, Snoqualmie, lower Pilchuck, and parts of the
Skykomish. Low-gradient streams draining residential or agricultural lands and lacking a
forested riparian buffer have the worst water quality.

These include Quilceda, Allen,

Marshlands, French, lower Woods, lower Elwell, lower Patterson, lower Cherry, lower Ames,
and lower Tokul creeks and Ebey Slough. While animal access and agriculture are associated
with high nutrient and fecal coliform measurements, streams draining residential areas often
feature similar fecal coliform problems because of failing septic systems, leaking sewers, and
pet waste (Thornburgh 1996). Also, surface runoff or groundwater contaminated by pesticides
or herbicides are sources of water pollution.
Water quality data show sediments contaminated with phenols, polychlorinated biphenyls
(PCBs), dioxin, and metals in the lower Snohomish River and Port Gardner Bay. The deposition
of metals can have a cumulative and toxic effect on fish and smaller organisms. Road runoff
and past industrial discharges are some of the sources of metals.
Chronically high turbidity is found in Marshlands and French creeks. This condition has
the potential to affect gill function in fish and eventually deprive them of oxygen. High
turbidity occurs either because of high fine-sediment loads or because of algal blooms from
excess nutrients. High turbidity can reduce the production of benthic invertebrates, a primary
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food source for juvenile salmonids, and can increase the mortality of salmon eggs by reducing
the flow of oxygenated water through channel sediments. Many of the streams and rivers
exceed turbidity standards during storm flows, but this is not considered a significant problem.
Water quality problems affecting salmonids in the Snohomish River Basin include low DO,
high water temperature, increased turbidity, metals, PCBs, phenols, and ammonia. Nutrients
indirectly affect salmonids by lowering DO.

Because low flows, which occur in the late

summer and early fall, can exacerbate these water quality problems, the most-affected salmonid
life stages are summer rearing for all salmonids and upstream migration and spawning for
chinook and chum salmon. Increased fecal coliforms can make certain estuarine species unsafe
for human consumption. Shellfish and bottom fish concentrate toxins, metals, and bacteria,
and, therefore, the concentration of concern for fecal coliforms as they affect shellfish is much
lower than the state freshwater standard. To protect human health, gathering shellfish and
bottom fish in Port Gardner is illegal. With the growing population creating more impervious
surfaces, more septic systems, and more fertilized landscaping, this situation is unlikely to
change.

12.4

SUMMARY

Efforts should be taken to restore better fish habitat conditions in the Snohomish River
Basin and to protect aquatic resources from continued urbanization. Water supply systems
must be designed to avoid reducing late summer and early fall flows in streams and in the
smaller rivers.

The Snohomish River Basin is not overallocated, however, and, assuming

mitigation and careful design, additional supplies can be developed without endangering fish
populations. Some of the proposed supply projects would most directly affect resident fish
habitat rather than anadromous fish habitat (i.e., most habitat impacts take place above natural
anadromous fish barriers) and would therefore be preferable.
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B-IBI

Benthic Index

Cfs

cubic ft per second

Corps

United States Army Corps of Engineers

DNR

Washington State Department of Natural Resources

DO

dissolved oxygen

DOH

Washington State Department of Health

Ecology

Washington State Department of Ecology

EIA

effective impervious area

EKCRWA

East King County Regional Water Association

EPA

United States Environmental Protection Agency

FERC

Federal Energy Regulation Commission

GIS

Geographic Information Systems

gpd

gallons per day

gpm

gallons per minute

IWA

Initial Watershed Assessment

MGD

million gallons per day

NMFS

National Marine Fisheries Service

NPDES

National Pollution Discharge Elimination System

OFM

Office of Financial Management

PCBs

polychlorinated biphenyls

PGG

Pacific Groundwater Group

ppm

parts per million

PUD

Public Utility District

SEWIP

Snohomish Estuary Wetlands Integration Plan

SWIS

Statewide Wetland Integration Strategy

TOC

total organic carbon

USFS

United States Forest Service

USGS

United States Geological Survey

WAC

Washington Administrative Code

WDF

Washington State Department of Fisheries

WDFW

Washington State Department of Fish and Wildlife

Maps

RIPARIAN CLASSIFICATION MAP
This map was developed as part of the Snohomish Basin Conditions and Issues Report, 1998,
prepared by Pentec Environmental, Inc., and Northwest GIS Services, Inc., for the Snohomish Work
Group. Riparian conditions of the floodplain sections of the Skykomish, Snoqualmie, and Snohomish
rivers as well as portions of selected larger tributaries were mapped from aerial photographs to help define
habitat conditions. Statistics on these riparian conditions may be found in the report, along with
related information on channel hardening.
Definitions of Riparian Types:
1. No tree riparian zone. Pasture, meadow, crops, shrubs, or bare earth are present adjacent to the
channel. There is no forest cover adjacent to the channel.
2. One tree riparian zone. Adjacent land use is primarily agricultural (usually pasture, meadow, or
crops), but trees grow on the bank of the river itself. Width of the forested buffer is usually less than
30 ft, no greater than the width of the canopy of one mature tree.
3. 30 to 200 ft riparian zone. A forested buffer between 30 and 200 ft wide grows adjacent to the
channel.
4. 200 to 400 ft riparian zone. A forested buffer between 200 and 400 ft wide grows adjacent to
the channel.
5. >400 ft riparian zone. A forested buffer greater than 400 ft wide grows adjacent to the channel.
6. Residential. Residential landscaping and houses are adjacent to the channel.
7. Forested residential. A mix of woodlots, landscaping, and houses are adjacent to the channel.
8. Road constrained. Highway or railroad beds are adjacent to the channel.
9. Industrial. Commercial and/or industrial development are adjacent to the channel.
10. Marsh. Freshwater or saltwater marshes, which cannot support trees, are adjacent to the channel.
The "marsh" riparian classification may be confusing. It is not meant to identify scrub-shrub or
forested wetlands adjacent to the channel. No effort was made to map wetland conditions other than
marsh areas.
1:24,000 scale color stereo aerial photographs were analyzed to map the riparian conditions portrayed
here. Endpoints of riparian sections are accurate to within approximately 50 ft, and widths of forested
riparian corridors are accurate to within approximately 30 ft. Hydrographic features shown on this
map are those mapped by the U. S. Geological Survey at a scale of 1:100,000.

LOCATIONS OF DIKES, LEVEES AND BANK HARDENING MAP
This map was developed as part of the Snohomish River Basin Conditions and Issues Report,
1998, prepared by Pentec Environmental, Inc., and Northwest GIS Services, Inc., for the
Snohomish Work Group. It portrays areas where channels of the Snohomish, Skykomish, and
Snoqualmie Rivers and their floodplain tributaries have been diked, leveed, or hardened as
described in Chapter 7, Habitat Conditions, of the above report. Databases of the Snohomish
County Department of Public Works, Surface Water Management Division, and King County
Department of Natural Resources, River Management Program, were used to generate this map.
In addition, data from limited field surveys on the Snoqualmie and Skykomish were added to
the map. Other areas of dikes, levees, or bank protection may exist, but were not included
in the databases used to make this map. Data on certain possible channel modifications, such
as wood removal, bar scalping, and dredging, are very limited, and little to no effort has been
made to identify and map areas where these modifications have occurred. Bridges are another
type of channel modification that was not included in this map, although they do constrain
channel migration and locally alter channel characteristics.
Hydrographic features shown on this map are those mapped by the U. S. Geological Survey
at a scale of 1:100,000.

EXCEEDANCE OF WATER QUALITY STANDARDS MAP
This map was developed as part of the Snohomish River Basin Conditions and Issues Report,
1998, prepared by Pentec Environmental, Inc., and Northwest GIS Services, Inc., for the
Snohomish Work Group. It portrays locations where water quality has been measured in
exceedance of state water quality standards as reported in the Washington State Department of
Ecology Water Quality Assessment Program. Further discussion of water quality in the basin
is presented in Chapter 4, Water Quality, of the above report. As discussed in the report, other
water quality investigations have been conducted in the basin, but this map does not include
data from these other efforts. The geographic distribution of water quality exceedances,
however, has been fairly uniform from study to study. The water quality data has been
overlaid on basin land use to provide context for the geographic distribution of water quality
problems.
The land use map portrays future land use in Snohomish County and current land use in King
County. Snohomish County has not mapped its current land use, so the only land use coverage
available was the future land use map from the Snohomish County Growth Management Plan.
This data was provided by Snohomish County Geographic Information Services. King County
Department of Natural Resources provided current land use coverage as mapped from aerial
photographs. In some instances, the land use categories are not consistent between the
counties, and some types of land use therefore occur only in one county or the other.
Hydrographic features shown on this map are those mapped by the U. S. Geological Survey
at a scale of 1:100,000.

WATER QUALITY CONCERN AREAS MAP
This map was developed as part of the Snohomish River Basin Conditions and Issues Report,
1998, prepared by Pentec Environmental, Inc., and Northwest GIS Services, Inc., for the
Snohomish Work Group. It is meant to portray the locations of priority water quality
problems in the basin and is based on two premises: that not all water quality exceedances are
created equal, and that some exceedances may not pose a threat to beneficial uses and may
originate naturally. This map refines information from the many databases of water quality
conditions and shows where water quality factors critical to human health, salmonid
productivity, and shellfish productivity have exceeded critical values on numerous occasions
or extended periods of time. Development of this map is described in Chapter 4, Water
Quality, of the above report. This map is based on data from the mid 1980s to the early 1990s.
Water quality conditions may be different now or change in the future, although recent data do
not suggest any significant temporal shifts in water quality conditions.
Hydrographic features shown on this map are those mapped by the U. S. Geological Survey
at a scale of 1:100,000.

HIGH PRIORITY AREAS FOR HABITAT RESTORATION MAP
This map was developed as part of the Snohomish River Basin Conditions and Issues Report,
1998, prepared by Pentec Environmental, Inc., and Northwest GIS Services, Inc., for the
Snohomish Work Group. The map portrays the general location of areas that are a high
priority (priorities 1a and 1) for fish habitat and water quality restoration as listed in Table
10.1 of the report (see below), and describes the proposed restoration activities.
The report concludes that anadromous fish productivity in this basin is likely limited by past
degradation of summer rearing, winter refuge, and estuarine habitat in the floodplains.
Principal problems include channelization, lack of large woody debris, lack of shade, and high
nutrients from agricultural runoff in the floodplain tributaries. Other problems include cutoff
of side channel and oxbow habitat from the main channels, and destruction of saltwater and
freshwater marshes in the estuary. The restoration priorities shown here are focused on these
problems. A prioritization process should take place to determine the relative importance of
the proposed restoration activities in relation to other restoration activities in the basin.
This map is based on general habitat information gathered from other reports. It is not based
on field surveys of habitat conditions. Field surveys in these areas would be required to
appropriately design restoration projects. The channel mapping is known to be inaccurate in
several important areas. For instance, Haskel and Riley sloughs are not completely shown on
the map. In addition, other side channels and tributaries appropriate for enhancement may
exist, but are not mapped at this scale. Obstructions to fish passage are an important limiting
factor for fish productivity, but no attempt has been made to include obstructions on this map.
Hydrographic features shown on this map are those mapped by the U. S. Geological Survey
at a scale of 1:100,000.
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