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A CONCEPTUAL FOUNDATION FOR THE MANAGEMENT OF THE LEWIS
RIVER SALMONID POPULATIONS (AQU 18 - PHASE I)

4.18.5 Results and Discussion

4.18.5.1 Conceptual Foundations — What are They and Why are They Important?

For the purposes of this report, a conceptual foundation is a set of scientific theories,
principles and assumptions regarding the physical and ecological processes in the Lewis
River that influence or determine the capacity and productivity of native and introduced
salmonids in the basin. Conceptual foundations determine what information is collected,
what problems are identified and the range of appropriate solutions to those problems
(Independent Scientific Group (ISG) 2000). They are instrumental in translating fishery
management goals into the ecological conditions needed to achieve them (Northwest
Power Planning Council (NPPC) 1997). Even though they are a critical part of the
planning and implementation of fishery restoration and management programs,
conceptual foundations are rarely explicitly stated, discussed or evaluated (Evernden
1993, Botkin 1990).

To help explain their importance and function, the ISG (2000) compared conceptual
foundations to the picture on the box of a jigsaw puzzle. Each piece of the puzzle can be
thought of as a datum, which can only be interpreted by reference back to the picture.
Using the wrong picture to interpret the datum makes it difficult, if not impossible, to
complete the puzzle. A conceptual foundation based on false assumptions or principles
will lead to the failure of the management program or to inadvertent consequences
(Cronon 1995). Ecosystems like the Lewis River are not automatically supplied with a
single, clear picture or conceptual foundation. This does not mean that management and
restoration programs in the Lewis River are not based on conceptual foundations. Every
management program, unless it is composed of entirely random activities, is derived from
and guided by a foundational set of assumptions and theories. However, the assumptions
and principles that make up a conceptual foundation are often deeply rooted in our
experience and training and they are so casually accepted that they are rarely examined or
even acknowledged (Evernden 1993). We rarely check to see if we are using the right
picture to guide our decisions.

The failure to examine those underlying assumptions is itself a part of the “environmental
problem.” According to biologist John Livingston, the debates over natural resource
management and restoration focus almost exclusively on issues. For example, in the
Columbia Basin, the focus is on the effects of dams, the benefits and ecological costs of
hatcheries, the effectiveness of barging, the effects of logging, grazing, irrigation, etc.
But these issues, like the tips of icebergs, are just the visible part of a much larger entity.
The submerged parts of these environmental icebergs are the roots of the problem, the
unexamined assumptions, the conceptual foundations that continually reinvent and
legitimate programs that perpetuate the supply of environmental issues (Livingston as
cited in Evernden 1993).
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In recent years, the growing fragmentation of management authority and responsibility
for salmon recovery among state, Tribal, federal, county, city entities (Wilkinson and
Connor 1983) and the development of strong special interest politics relative to natural
resources (Behan 2001 and Cortner and Moote 1999), has intensified the need to examine
of conceptual foundations underlying the development of management and restoration
plans. Management fragmentation and special interest advocacy means that for every
issue, there will be several different organizations, institutions and special interests
entering the debate over solutions. Those debates, which at times seem to be intractable,
focus on the tip of the iceberg and rarely, if ever, examine the assumptions that underlay
the positions of the different organizations and institutions. In other words, the root cause
of the differences among participants in those debates goes unexamined, which is one
reason why the issues are so difficult to resolve. Institutional fragmentation and issue
oriented advocacy makes the examination of conceptual foundations of the participants in
the debate an essential step in resolving watershed issues.

Conceptual foundations are not cast in concrete, but should be subject to revision as
scientific information increases and our understanding of ecosystems improves. Failure
to update conceptual foundations can lead to inadequate programs or programs that have
unintended consequences. Lichatowich et al. (1998) gives the following example of a
program that failed because it included a false assumption in its conceptual foundation.

In the 1970s, the Oregon Legislature authorized the operation of large private sea
ranching enterprises for Pacific salmon. An important part of this program was the belief
that there was vacant habitat in the ocean for salmon. This belief was derived from the
assumption that carrying capacity for salmon was stable and was not being fully occupied
because logging, irrigation, grazing, dams, residential development and pollution reduced
the number of smolts leaving Oregon’s rivers. Stable carrying capacity and fewer smolts
equated to vacant habitat that could be filled with smolts from large-scale artificial
propagation facilities. Although evidence of highly variable capacity in the ocean was
accumulating, the private salmon ranches accepted the assumption that the marine
ecosystem was stable. Sea ranches were a large-scale test of that assumption. The failure
of private sea ranches suggests the program was based on a false assumption or
conceptual foundation. Since that experiment was carried out, information about ocean
conditions has continued to show that the ocean’s capacity to rear salmon is not stable
(e.g., Nickelson 1986 and ISG 2000).

Conceptual foundations are rarely explicitly stated in recovery and management
programs (ISG 2000), but that does not mean that they do not exist. They are simply
taken for granted and left unstated. But they exert too much influence over the success or
failure of a program to let that situation persist. Even the most well-intentioned
management programs can have disastrous results if predicated on the wrong
assumptions (Cronon 1995). The seemingly intractable and endless debates over
management and restoration strategies are often, at their roots, arguments derived from
conflicting conceptual foundations. Focusing attention on the fundamental assumptions
would at least shift the debate to the real cause of the conflict. False assumptions and
outdated science in the conceptual foundation cannot be identified and corrected unless
they are explicitly stated and publicly discussed. The purpose of this document is to
present a starting point for such an examination.

Page AQU 18 Appendix G-2 - 2002 Technical Report 06/24/03

\\Neoserver\disk1\Projects\Lewis River\Final Tech Reports 04-04\04.0 AQU\AQU 18_Appendix G (concept found).doc



PacifiCorp / Cowlitz PUD
Lewis River Hydroelectric Projects
FERC Project Nos. 935, 2071, 2111, 2213

A Basin-wide Conceptual Foundation

Ecosystems are organized hierarchically (O’Neill et al. 1986). For example, the
ecosystem defined as the Columbia River basin has nested within it several subbasins
including the Lewis River and, nested in the subbasins are their tributary streams. A
hierarchical organization of the Columbia Basin implies a degree of coherence in the
ecological and physical processes among the various levels of the ecosystem. It also
implies coherence in the conceptual foundations at the basin and subbasin level of
organization. The conceptual foundation used to guide the management of the Lewis
River must recognize and take into account this basin-wide conceptual foundation. The
need for such a foundation was recognized several years ago and some meaningful results
are now available.

In 1993, the Northwest Power Planning Council asked the ISG to review the Council’s
Fish and Wildlife Program (FWP) and evaluate its underlying conceptual foundation.
The FWP did not contain an explicitly stated conceptual foundation, so the ISG reviewed
the individual measures contained in the program and made its best estimate of the
assumptions or principles that underlay them. The result was an estimate of the
conceptual foundation implied by the measures.

The program’s measures in aggregate implied a conceptual foundation composed of 3
general principles and 29 assumptions (ISG 2000). The 3 principles were':

1. The salmon-bearing ecosystem in the Pacific Northwest and the northeast Pacific
Ocean has considerable excess carrying capacity.

2. Abundance of salmon and steelhead in the Columbia River basin has, to a
significant degree, declined due to, and is presently limited by, human actions.

3. Ecosystem functions lost as a result of the development of the Columbia River
can be replaced by technological solutions to individual problems.

The ISG then examined the scientific evidence in support of those principles and found
that the first and third were speculative with little empirical support. The second
principle was thoroughly established with good peer review and empirical evidence in its
favor. Given the weakness in the implied conceptual foundation, the ISG (2000)
proposed an alternative set of 3 principles:

1. The Columbia River is a natural, cultural system. Restoration must consider the
whole ecosystem, natural as well as cultural.

2. Salmonid productivity requires a network of complex interconnected habitats that
are created, altered and maintained by natural physical processes in freshwater,
estuaries and the ocean.

! Consult ISG 2000 for a detailed description of each of the principles.
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3. Life history, genetic diversity and metapopulation organization are ways the
salmon adapt to their habitat. Diversity is how salmon cope with environmental
variation.

Building on the work of the ISG, the Northwest Power Planning Council (NPPC 2000)
proposed 8 principles for the basis of recovery programs in the Columbia Basin:

1. The abundance, productivity and diversity of organisms are integrally linked to
the characteristics of their ecosystems;

2. Ecosystems are dynamic, resilient and develop over time;

3. Biological systems operate on various spatial and time scales that can be
organized hierarchically;

4. Habitats develop, and are maintained by physical and biological processes;
5. Species play key roles in developing and maintaining ecological conditions;

6. Biological diversity allows ecosystems to persist in the face of environmental
variation;

7. Ecological management is adaptive and experimental;

8. Ecosystem function, habitat structure and biological performance are affected by
human actions.

The Council’s 8 principles and the ISG’s 3 principles have many elements in common,
but there are important ideas contained in only one of the two. For example, the
statement that the Columbia River is a natural-cultural system is an important idea that is
only in the ISG’s set of principles. To retain all the important ideas, we combined the 2
sets and reduced them to 4 principles, which were modified from Lichatowich et al.
(1998):

1. The Columbia River is a natural-cultural system characterized by natural
environmental variability; natural and man-made disturbance regimens;
fluctuations in production; hierarchical organization of its biological subsystems;
keystone species that contribute to ecological functions; and, cultural
modifications to physical and ecological processes. Salmon restoration and
management must consider the whole ecosystem, natural and cultural.

2. Salmonid productivity requires a network of complex interconnected habitats,
which are created, altered and maintained by natural physical processes in
freshwater, estuaries and the ocean. Species diversity and the biotic community
are a reflection of the ecosystem’s attributes. To achieve management and
restoration goals, suitable ecosystem attributes must be attained.

? Consult NPPC (2000) for more detail on each principle.
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3. Life history, genetic diversity and metapopulation organization are ways salmon
adapt to their habitat. Diversity and population structure are how salmon cope
with spatial and temporal environmental variations. Biological diversity allows
ecosystems to persist in the face of environmental variation.

4. Management and restoration at the ecosystem level is adaptive. Human activities
must be managed to protect and restore ecological functions and attributes needed
for survival of native biota.

We will use the 4 statements above as the basin-wide conceptual foundation. The first
principle states that biological systems are hierarchical, which means, as stated earlier,
we will seek to achieve coherence between the 4 elements of the Columbia River basin-
wide conceptual foundation and the conceptual foundation for the Lewis River developed
in this report. To facilitate that goal, we organized the next 4 sections of this report to
provide background information relative to the 4 principles of the basin-wide conceptual
foundation.

4.18.5.2 The Lewis River as a Natural-Cultural System

Natural-Cultural Systems

The Lewis River and its catchment area is a natural-cultural ecosystem. What does the
term natural-cultural mean when applied to a watershed and what does it imply regarding
the management and restoration of watersheds? Natural-cultural systems are ecosystems
influenced by humans. The ISG (2000) described a natural cultural system as one that
“...encompasses all the ecological and social processes that link organisms, including
humans, with their environments.” Since management itself is an intervention,
manipulation or circumvention of natural processes to achieve human goals, all managed
watersheds are natural-cultural systems. And, management did not start with Euro-
Americans. Native Americans managed watersheds before the first Euro-Americans
arrived through activities such as burning. However, since the 1840s and the arrival of
Euro-American settlers, cultural changes in watersheds have increased significantly.

The ISG (ISG 2000) believes that an ecosystem with a mix of natural and cultural
features can still sustain all life stages of a diverse suite of salmonid populations if the
essential ecological conditions and processes necessary to maintain diverse and
productive salmonid populations exist within the ecosystem. The ISG calls this
ecosystem, with its balanced mix of natural and cultural features, a “normative”
ecosystem.

The consideration of both natural processes and cultural activities in watershed
management and restoration is an outgrowth of the growing recognition that natural
resource management should shift to an ecosystem perspective. For example, Cortner
and Moote (1999) list 4 recurring themes used to characterize ecosystem management:

1. “Socially defined goals and objectives;

2. holistic, integrated science;
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3. adaptable institutions; and
4. collaborative decision making.”

All of these themes imply some consideration and integration of natural and cultural
factors.

The current approach to management is a product of the Progressive Era (1870s to 1920s)
and the attempt to stop the rampant abuse and waste of natural resources (Hays 1969)°.
Laissez faire access to natural resources was replaced with management agencies staffed
with technical experts who managed natural resources for “the greatest good for the
greatest number of people.” Experts alone set the goals and objectives of management
and those goals focused on single species rather than ecosystems (Hays 1969).
Management institutions are slow to adapt to new information (Wright 1992) and they
often fail to take a collaborative approach to decision making (Cortner and Moote 1999).
Goal setting by experts, inflexible institutions, single species management, and a lack of
collaborative decision-making are not compatible with the themes of ecosystem
management.

A superficial appraisal of the foregoing might lead one to conclude that the ecosystem
approach to salmon management and restoration differs from the current approach by the
addition of cultural considerations to what has been a science-based profession. In fact, it
is often remarked that salmon management must remain completely science-based and
not “tainted” by consideration of cultural factors. However salmon management has
been and is dominated by 2 activities, harvest and hatcheries, which are themselves
cultural activities that are heavily influenced by social and political factors. The
ecosystem approach is really an attempt to give proper recognition and priority to both
natural and cultural factors operating in ecosystems.

In the following section, we describe some the natural and cultural attributes of the Lewis
River Basin. We focus our description on those attributes that have the greatest potential
to affect or influence fish management in the Lewis River ecosystem. Some of that
information is summarized in a schematic diagram of the basin (Figure 4.18-1).

It should be noted that the term “upper watershed” refers to the Lewis River watershed
upstream of Swift Reservoir. The term “middle watershed” refers to the portion of the
Lewis River watershed between Swift Reservoir and Merwin Dam. The term “lower
watershed” refers to the Lewis River downstream of Merwin Dam. These designations
are different than those used in U.S. Forest Service (USFS) documents, but are consistent
with those used in Lewis River relicensing documents.

3 The Progressive Era illustrates the ineffectiveness of American society and government in dealing with
issues of control over industrial capitalism.
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Figure 4.18-1. Schematic diagram of the Lewis River watershed describing

environmental gradients.
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Lewis River Basin Natural Attributes

The Lewis River basin is located on the western slopes of the Cascade Mountains. Two
volcanic peaks, Mount Adams and the recently active Mount St. Helens, lie on the
northern and eastern boundaries of the basin. Foothills in the central portion of the
watershed are generally steep and forested and range up to approximately 3,000 feet msl.
Downstream of Lake Merwin, the Lewis River enters a terrain of rolling hills that
eventually transition to the essentially flat “Woodland Bottoms™ near the river’s
confluence with the Columbia River. Forested areas are dominated by conifers, including
Douglas-fir (Pseudotsuga mensiezii) and western hemlock (7suga heterophylla) forest
types. Upland deciduous and mixed conifer-deciduous forests also occur in the
watershed.

Geology — The Lewis River watershed is underlain by primarily volcanic rocks that have
been sculpted by subsequent glaciation, recent volcanic activity, and stream processes.
Bedrock is comprised of Eocene-Oligocene basaltic-andesite lava flows, Oligocene
volcaniclastic rocks, and Quaternary volcaniclastic deposits (Philips 1987a, Philips
1987b, Walsh et al. 1987).

The Lewis River watershed is geologically active, and several large-scale geomorphic
processes active during the Holocene (past 10,000 years) shaped the watershed (USFS
1995, 1996, 1997, 1998a). The most obvious of these processes is the active volcanism
from Mount St. Helens, Mount Adams, and the Indian Heaven volcanic field. There are
3 main types of volcanic activity that have had a major effect on the watershed: lava
flows, debris avalanche/lahars, and tephra (ash) falls (Scott et al. 1995).

Lava flows are probably the least common of the 3 and have most often affected smaller,
localized areas near the volcanic vents. Debris avalanches, mudflows, and lahars are
more common on Mount St. Helens and Mount Adams. They are rapidly moving slurries
of water, rock, soil, and debris. Mudflows swept down Swift Creek, Pine Creek, and the
Muddy River during the May 18, 1980 eruption of Mount St. Helens, emptying nearly 18
million cubic yards of water, mud, and debris into Swift Reservoir (Tilling et al. 1990).
These events have the ability to alter the streambed and valley characteristics of affected
drainages in a matter of hours, and have long-term effects of very high sediment load and
altered channel characteristics. Streams affected by recent mudflows are continuing to
process the sediment and woody debris and have changed from narrow channels into
wide, braided, unstable channels with high sediment and wood loads. Riparian
vegetation along these channels was lost, and is slowly recovering as sediment loads
decrease with time.

Tephra, ash, and/or pumice falls are the most common and widespread volcanic activity
originating from Mount St. Helens and Mount Adams. Thick deposits of tephra can
reduce infiltration rates and increase erosion rates. Seven to 8 tephra deposits (including
the 1980 eruption) from Mount St. Helens have occurred over the past 10,000 years.

Alpine glacial activity sculpted portions of the Lewis River basin in the past, and is still
active to a smaller extent on the tops of Mount Adams and Mount St. Helens. Streams
with a large percent of flow from glacial melt carry heavy loads of both fine-grained
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sediment and bedload, resulting in detectably higher summer turbidities and braided,
shifting channels. Past alpine glacial activity has shaped the upper valleys of these same
creeks into U-shaped troughs with steep sidewalls, creating areas where mass wasting is
now very active.

Climate — The Lewis River basin has the predominantly temperate marine climate typical
of the Pacific Northwest. It experiences a narrow range in temperature—a dry summer
and a mild but rainy winter. Terrain influences the rainfall and temperature pattern, with
lower elevations experiencing warmer temperatures and less rainfall and higher
elevations receiving more rain, snow, and cooler temperatures.

Average annual precipitation near the mouth of the watershed is 37 inches, and average
annual precipitation on Mount Adams is over 140 inches. Snowfall is minimal at lower
elevations, but exceeds 200 inches/yr at elevations over 3,000 feet. In the warmest
summer months, afternoon temperatures range from the middle seventies to the lower
eighties, with nighttime temperatures in the fifties. Maximum temperatures exceed 90°F
on 5 to 15 days each summer. Temperatures in the foothills and higher elevations are
slightly lower than those recorded in the valleys.

Fish Community — The existing resident and anadromous fish community is an important
natural attribute of the Lewis River basin, and today the river downstream of Merwin
Dam supports populations of wild fall chinook (Oncorhynchus tshawytscha) salmon and
hatchery stocks of spring chinook, early and late coho (O. kisutch), and winter and
summer steelhead (O. mykiss). White sturgeon (Acipenser transmontanus), Pacific
lamprey (Lampetra tridentata), eulachon (smelt) (Thaleichthys pacificus), mountain
whitefish (Prosopium williamsoni), cutthroat trout (O. clarki), chum salmon (O. keta),
pink salmon (O. gorbuscha), and sockeye salmon (O. nerka) are also occasionally
observed downstream of Merwin Dam.

The project reservoirs and tributaries upstream of Merwin Dam support kokanee
(landlocked O. nerka), rainbow trout (O. mykiss), mountain whitefish, cutthroat trout,
bull trout (Salvelinus confluentus), sculpin (Cottus spp.), northern pikeminnow
(Ptychocheilus oregonensis), tiger muskellunge (a sterile northern pike and muskellunge
cross), white sturgeon, carp, bluegill (Lepomis macrochirus), crappie (Pomoxis sp.),
threespine stickleback (Gasterosteus aculeatus), largescale sucker (Catostomus
macrocheilus), residualized coho, chinook, and steelhead. Each of these species, with the
exception of kokanee, blue gill, tiger muskellunge, and crappie, are native to the Lewis
River basin. Non-native species were introduced following dam construction to enhance
the recreation fishery. More detailed information on those species that are the focus of
fishery management activities in the Lewis River basin is presented in Section 4.18.5.4.

Cultural Attributes

Cities and Towns — The Lewis River watershed is located in an area dominated by natural
resource based land uses, such as forestry, recreation, and agriculture. As a result,
population densities are generally low within the basin. The largest urban center, the City
of Woodland, is located near the mouth of the Lewis River, approximately 20 miles north
of Vancouver, Washington. Woodland was originally established by settlers in the mid-
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1850s. As its population grew, lumber mills, agriculture, fishing, and railroad transport
became the city’s primary industries. Today, it has a population of 3,875, although the
number of people living in the greater Woodland area approaches 10,000 residents. In
recent years, the community has experienced substantial growth, with an economy driven
by industries such as fishing gear manufacturing, manufactured home production, and
agriculture. Development in the Woodland area has adversely affected aquatic habitat in
the lower Lewis River basin. Residential and agricultural land uses have eliminated most
of the riparian vegetation in the lower reaches, and the lower 7 miles of the Lewis River
floodplain is almost entirely disconnected from the river due to extensive diking (Wade
2000). In the East Fork Lewis River, over 50 percent of the off-channel habitat and
associated wetlands within the floodplains have been disconnected from the river.

Other towns in the Lewis River basin include Cougar, Ariel, Yale, Chelatchie, Amboy,
Yacolt and La Center (Wade 2000). None of these settlements have populations
exceeding 2,000 and their economies are primarily dependent upon logging, agriculture,
and recreation (Lowe 2002). The small town of Cougar, located along the north shore of
Yale Lake, was originally established to serve as a staging point for timber harvest
activities. However, after hydroelectric development and the creation of the Mount St.
Helens National Volcanic Monument, recreation services became the primary industry.
The current population of Cougar is under 200. Because these towns were/are largely
supported by natural resource extraction (logging), their ecological footprint or impact is
much larger than the size of the town would indicate.

There are 3 private communities located around Swift Reservoir. The largest of these is
the 206-home Northwoods community on the eastern shore. Yale Lake has private
development clustered primarily around the Beaver Bay area, the Town of Cougar, and
near Speelyai Canal. Private land ownership is more common around Lake Merwin,
where there are several large communities along the shoreline, including a 1,600-lot
home/trailer development along the south shore. Scattered private lands are found along
the Lewis River adjacent to SR 503, increasing in number as one heads west to the City
of Woodland.

Dams — In 1929, the Federal Power Commission issued a 50-year license to Inland Power
and Light (the predecessor of PacifiCorp) to construct, operate and maintain the first
hydroelectric development in the Lewis River basin. Construction of Ariel Dam at RM
19.4 (now called Merwin Dam) began in 1930 and was completed with a single
generating unit in 1932. Two additional units were added to the project in 1949 and
1958.

Merwin Dam is a 314-foot-high concrete arch structure with a total crest length of 1,300
feet. The reservoir formed by Merwin Dam (Lake Merwin) is about 14.5 miles long with
a surface area of approximately 4,000 acres at elevation 239.6 feet above msl. The dam’s
intakes are relatively deep, located approximately 187 feet below full pool.

To help maintain anadromous fish runs in the Lewis River basin and comply with Article
14 of the original project license, Merwin Dam was equipped with an anadromous fish
collection facility, also built in 1932 (a trap and haul facility located at the base of the
dam) (Hamilton et al. 1970). Volitional fishways were not constructed over Ariel Dam
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because Inland Power and Light and the WDF and WDG considered them to be
“impracticable from the standpoint of properly preserving fish life” (Inland Power and
Light Company 1932). During subsequent years, returning adult anadromous fish were
collected at the Merwin trap, counted, and either used for hatchery broodstock or
transported upstream by truck to spawn naturally in the Lewis River watershed above
Merwin Dam. The spillways and turbine outlets of Merwin Dam (and eventually those at
Yale Dam) provided the only means of downstream passage for outmigrants (Hamilton et
al. 1970). The Merwin Dam Anadromous Fish Collection Facility is still in operation and
continues to serve as the main collection facility for hatchery fish returning to the North
Fork Lewis River basin.

Yale Dam, located approximately 15.6 miles upstream from Merwin Dam, was
constructed between 1951 and 1953. It is a rolled earthfill embankment-type dam with a
crest length of 1,305 feet and a height of 323 feet. The reservoir it forms (Yale Lake) is
approximately 10.5 miles long with a surface area of approximately 3,800 acres at full
pool. The project intake is relatively deep, located approximately 90 feet below full pool.
Yale Dam is not equipped with upstream or downstream fish passage facilities; however,
fish do pass over its spillway during occasional spill events.

Swift No. 1 is the furthest upstream hydroelectric project in the Lewis River watershed.
The project, completed in 1958, is located at RM 45, approximately 10.5 miles upstream
from Yale Dam. Swift Dam is an earthfill embankment-type dam with a crest length of
2,100 feet and a height of 512 feet. At the time of its construction, Swift Dam was the
tallest embankment dam in the world. Swift Reservoir is about 11.5 miles long and has a
surface area of approximately 4,680 acres at elevation 1,000 feet msl (full pool). The
Swift No. 1 intake is relatively deep, located at elevation 878 msl (122 feet below full
pool). Swift Dam is not equipped with upstream or downstream fish passage facilities.

The Swift No. 2 Project, located 3.2 miles downstream of the Swift No. 1 powerhouse,
was completed in 1958. The project does not have its own dam. Instead, it uses a 3.2-
mile-long canal to convey water from the tailrace of Swift No. 1 to the Swift No. 2
powerhouse. All water entering the Swift No. 2 powerhouse is discharged into the upper
end of Yale Lake.

On April 21, 2002, the Swift No. 2 Project was seriously damaged as a result of a 250-
foot breach in the wall of the Swift canal. Following this event, biologists from the
USFWS, WDFW and PacifiCorp conducted several fish salvage operations to rescue fish
that were trapped in isolated pools located in the dewatered canal. A total of 10 canal
salvage operations were conducted from late April through mid-June. Salvaged
salmonids included 579 rainbow trout, 510 mountain whitefish, 42 bull trout, 11 coho, 9
cutthroat trout, 5 brook trout, 3 chinook, and 1 bull trout/brook trout hybrid (pers. comm.,
E. Lesko, PacifiCorp, May 2003). Cowlitz PUD is currently preparing the engineering
specifications for repair of all project facilities. It intends to continue the relicensing
efforts already underway, and will complete reconstruction of the project in 2005.

Effects resulting from the presence and operation of the 4 projects on aquatic resources
and water quality have been examined by numerous studies as part of the relicensing
process. A summary of these effects is presented in Table 4.18-1.
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Table 4.18-1. Summary of Lewis River Hydroelectric Projects effects on aquatic resources and water quality.

1.0 The projects change the magnitude and timing of water flows in reaches downstream from project facilities (the Lewis River bypass
reach, Speelyai Creek downstream of the upper diversion, and the reach downstream of Merwin Dam). The projects also result in
fluctuation of reservoir water levels.

1.1 Flows in the Lewis River bypass reach are normally limited to inflow from groundwater/seepage and tributaries except during spill events
when large quantities of water are released into the reach.

Normal daily flows between Swift Dam and Ole Creek average 5-10 cfs (See PacifiCorp and Cowlitz PUD 2002, WTS2, Figure 2.2-6). The low daily
flows limit the area of available aquatic habitat in this 2.6-mile long reach. These lower flows have caused riparian vegetation to encroach into the channel
bed formerly occupied by the river, resulting in channel narrowing (see PacifiCorp and Cowlitz PUD 2002, TER-9, Section 5.9.5.3).

Infrequent spills into the Lewis River bypass reach result in large inputs of water. Spill of several thousand cfs or greater occur every few years (See
PacifiCorp and Cowlitz PUD 2002, WTS2, Figure 2.2-31). These large spill events wash away riparian and wetland vegetation, resulting in areas of
unconsolidated shoreline for a number of years, and transport wood and sediment through the reach (See PacifiCorp and Cowlitz PUD 2002, WTS3, Figures
2.3 la through f; TER9, Section 5.9.5.3, Table 5.9-8 and Figure 5.9-1).

The combination of infrequent high spill events and lower base flows has probably increased the proportion of alder in the near channel area o f the bypass
reach and reduced the amount of conifer. Periodic high flows also tend to increase the amount of time that the channel is bordered by early successional

vegetation. These structural changes have reduced the ability of riparian habitat to contribute LWD to the bypass reach (see PacifiCorp and Cowlitz PUD
2002, TER-9, Section 5.9.5.3).

Breeding amphibian use in the Lewis River bypass reach include northwestern salamanders, red-legged frogs, and Pacific chorus frogs (see PacifiCorp and
Cowlitz PUD 2002, TER3). These species use wetlands in the bypass reach that have open, shallow water; most of these wetlands are associated with
seepage from Swift Canal through the porous lava/basalt in this area and are above the elevation of the 1995 high flow through the bypass reach. None of
these wetlands occur in the existing active channel. Adult chorus and red-legged frogs use the riparian habitat along the bypass reach, and this habitat may
be affected by periodic high flows through this area (see PacifiCorp and Cowlitz PUD 2002, TER-9, Section 5.9.5.3). Effects of periodic disturbance of
riparian habitat on adult frogs are unknown; but may be minor as long as there is adequate hiding cover near water.

Periodic disturbance by high flows that results in scouring may be colonized by exotic/invasive plant species, reducing riparian habitat quantity and quality
for native plants and wildlife (see PacifiCorp and Cowlitz PUD 2002, TER-9, Section 5.9.5.3).
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In April 2002, the Swift No. 2 canal failed near the No. 2 powerhouse. As a result of this incident, water from the Swift No. 1 plant is being routed through
the canal spillway and enters the bypass reach channel approximately 1 mile downstream of Swift Dam. The Swift No. 1 plant is being operated in a load-
shaping mode where units are ramped up during peak load periods and ramped down to zero generation during the evening and other off-peak hours. The
project is frequently offline between the hours of midnight and 5 AM. Flows vary between 30-80 cfs (seepage into the canal from the Swift No. 1 plant)
and 9,000 cfs. The effects of these higher flows on the aquatic habitat and water quality in the bypass reach have not been documented, but are likely to
include an increase in the area of available aquatic habitat, reduced diurnal changes in parameters directly influenced by air temperature (water temperature
and dissolved oxygen), and inundation of some small alders and willows in the riparian zone. It is likely that fish and other aquatic species will use the new
habitat resulting from the higher flows.

1.2 Flows downstream of the upper diversion on Speelyai Creek are currently limited to groundwater and tributary inflow. The water right for the
upper Speelyai diversion includes the provision for 15 cfs (or inflow if less that 15 cfs) to be diverted into lower Speelyai Creek. As a result
of concerns for fish health at the hatchery, the upper diversion has only been opened 3 times since 1979 to allow water to flow into lower
Speelyai Creek (during extremely dry years). Due to a shift in the upper Speelyai channel away from the diversion structure, water is not
currently able to flow into lower Speelyai Creek from upper Speelyai.

Normal daily flows downstream of the upper diversion increase downstream to an average of 15-20 cfs at the hatchery intake and are fairly constant
throughout the year as a result of constant groundwater input (See PacifiCorp and Cowlitz PUD 2002, AQU 9, Figure 4.9-16).

The constant flow regime supplies good quality water to the Speelyai Hatchery, but supplies less flow than the current water right at the upper or lower
diversion (See PacifiCorp and Cowlitz PUD 2002, AQU 9, Figure 4.9-18). Hatchery personnel have noted increased turbidity and temperature recently and
are concerned that water quality may decline in the future as a result of development in the basin.

The constant flow regime results in stable, high quality aquatic habitat in the reach between the 2 Speelyai Creek diversions (See PacifiCorp and Cowlitz
PUD 2002, AQU 9, Table 4.9-7 through Table 4.9-10). Riparian habitat is very stable in the reach downstream of the upper diversion as a result of the
constant streamflows. Without the diversion in place, lower Speelyai Creek would have a much wider, more active channel and floodplain, and a less stable
riparian community, resulting in different ecosystem dynamics. The existing diversity of riparian and wetland habitats throughout this lower reach would
probably not occur.

1.3 Flows in the Lewis River downstream from Merwin Dam are altered as a result of project operations to control floods, produce power, and
augment late summer flows.

Normal daily flows downstream from Merwin Dam are higher during the late summer, fall, and winter due to flow augmentation (for fish) and reservoir
level reductions for peak flow storage. Normal daily flows are lower during the spring as reservoirs are re-filled for the summer recreation season (See
PacifiCorp and Cowlitz PUD 2002, WTS 2, Figure 2.2-9).

Operation of the projects reduces the frequency of flows in the 10,000-20,000 cfs range and results in a “stepped” pattern of flows (See PacifiCorp and
Cowlitz PUD Final 2001 Technical Report [PacifiCorp and Cowlitz PUD 2003], WTS 2, Figure 2.2-36).

Operation of the projects for flood control has reduced the magnitude of all but the largest peak flows. (See PacifiCorp and Cowlitz PUD Final 2001
Technical Report [PacifiCorp and Cowlitz PUD], FLD 1, Figure 11.1-2).
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The more stable flow regime provides additional area of aquatic habitat in the summer months and reduces the frequency of scouring flows during the
winter months.

Reduced spring time flows may have an impact on out-migrating smolts.

The stable flow regime reduces the frequency of bedload transport, reduces the disruption of riparian and active bar habitats and alters the formation of
riparian habitat. The more stable channel reduces the rate and magnitude of aquatic and riparian habitat disturbance that would take place if the river was
not managed, which affects ecosystem processes and may be detrimental to aquatic species and habitats.

The amount of riparian vegetation in the reach below Merwin Dam has increased since 1939 and the amount of riverine habitat has decreased. Both of
these effects are the result of channel narrowing due to decreased flows. Although the reduced flooding has probably resulted in changes to the diversity of
riparian habitat types below Merwin, the overall amount of habitat has actually increased. (see PacifiCorp and Cowlitz PUD 2002, TER-9, Section 5.9.5.3).
The lack of flooding and reduced sediment load has resulted in less unconsolidated shoreline and fewer exposed bars, and thus less available habitat for
cottonwood trees, which require bare mineral soil and moist conditions to germinate.

1.4 Rapid decreases in stream flow associated with hydroelectric project operations (i.e., changes in generation, shutdowns associated
maintenance, powerhouse failures, or other activities) have the potential to adversely affect aquatic resources.

As water rapidly recedes (faster than what would occur naturally) potential impacts can include the stranding of fish in shallow low gradient areas and off-
channel habitat (resulting in immediate or delayed mortality); temporary loss of habitat or loss of habitat access; and the dewatering of fish redds, aquatic
insects, and plant life. Relatively rapid changes in streamflow can also affect fish behavior, which could reduce survival or growth. In 1993, PacifiCorp
implemented a voluntary 2-inch per hour down-ramping rate below Merwin Dam to protect aquatic resources. While this ramping rate meets WDFW
criteria, project related flow fluctuations still have the potential to affect aquatic resources (See PacifiCorp and Cowlitz PUD 2002, AQU3 and PacifiCorp
and Cowlitz PUD 2003). In the past, multiple fish losses have occurred in the Lewis River as a result of project-induced changed in river stage. PacifiCorp
and Cowlitz PUD (2000) documents 5 separate incidents of rapid flow reductions that resulted in fish kills in a 2-year period.

1.5 Operation of the projects results in changes in reservoir water levels on a daily and seasonal basis. Fluctuations of water levels can affect near
shore aquatic habitat, wetlands, and vegetation.

2.0 The project reservoirs trap sediment, limiting the input of sediment to reaches downstream of project facilities (the Lewis River bypass
reach, Speelyai Creek downstream of the upper diversion, and the reach downstream of Merwin Dam).

2.1 Input of sediment to the Lewis River bypass reach is limited to input from Ole Creek (2.6 miles downstream of Swift Dam) and re-distribution
of stored sediment within the reach (See PacifiCorp and Cowlitz PUD 2002, WTS 3, Table 2.3-9).

The limited input of sediment, coupled with occasional large peak flows results in a coarse-grained streambed with limited spawning habitat in the reach
(See PacifiCorp and Cowlitz PUD 2002, WTS 3, Table 2.3-10 and 2.3-11, Figure 2.3-14 and 2.3-15).
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2.2 Input of sediment to Speelyai Creek downstream of the upper diversion is limited to tributary input (See PacifiCorp and Cowlitz PUD 2002,
WTS 3, Table 2.3-17).

The lack of large peak flows results in a stable streambed with cobble/gravel substrate and spawning-sized gravel distributed through the lower Speelyai
reach (See PacifiCorp and Cowlitz PUD 2002, WTS 3, Table 2.3-18 and 2.3-11, Figure 2.3-20).

Sediment inputs include those associated with development and timber harvest in the lower Speelyai basin. Increased development close to the stream can
take place since the streamflows are controlled by the upper diversion. Increased development may increase future sediment loads.

2.3 Input of sediment to the Lewis River downstream of Merwin Dam is limited to input from tributaries and side-slope landslides (See
PacifiCorp and Cowlitz PUD 2002, WTS 3, Table 2.3-3).

The limited input of sediment, coupled with smaller magnitude peak flows, has resulted in a less active channel in the reach downstream of Merwin Dam
(See PacifiCorp and Cowlitz PUD 2002, WTS 3, Figure 2.3-1a through 2.3-1f, Figure 2.3-3, and Table 2.3-5). Some stakeholders feel that the channel has

incised. The loss of active bars appears to have slowed down or stopped since the mid 1970’s. Some stakeholders feel that the evidence for the slowing of
channel change is not definitive.

The extremely low water surface gradient and lower peak flows in the reach downstream of Merwin Dam results in computed very low sediment transport
rates (See PacifiCorp and Cowlitz PUD 2002, WTS 3, Figures 2.3-21 and 2.3-22). There is a mix of substrate sizes on the river bed and spawning-sized
gravel resources throughout the reach that are used by spawning fish (Figures 2.3-6 through 2.3-10, Table 2.3-8). Some stakeholders feel that the gravel
resources are stable in this reach, while other stakeholders feel that the gravel is continuing to be transported downstream at a rate that threatens the viability

of spawning resources. There is some uncertainty regarding the rate of gravel and sediment transport in this reach that would best be documented through a
monitoring program.

The reduced input of sediment also affects sediment inputs to the Columbia River, estuary, and Pacific Ocean.

3.0 The project reservoirs trap large woody debris, limiting the input of woody debris to reaches downstream of project facilities (the Lewis
River bypass reach, Speelyai Creek downstream of the upper diversion, and the reach downstream of Merwin Dam).

3.1 Input of large woody debris to the Lewis River bypass reach is limited to input from Ole Creek.

The limited source of large wood in the riparian area of the Lewis River bypass reach, coupled with occasional large peak flows results in very little large
woody debris in the channel (See PacifiCorp and Cowlitz PUD 2002, WTS 3, Section 2.3.5.2). The lack of large wood limits aquatic habitat diversity.
Large boulders in the reach provide some habitat diversity and cover.

3.2 Input of large woody debris to Speelyai Creek downstream of the upper diversion is limited to input from within the reach.

There are high levels of large woody debris in the lower Speelyai reach (See PacifiCorp and Cowlitz PUD 2002, WTS 3, Table 2.3-21).
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3.3 Input of large woody debris to the Lewis River downstream of Merwin Dam is limited to input from within the reach.

There is currently little large woody debris in the Lewis River between Merwin Dam and Eagle Island (See PacifiCorp and Cowlitz PUD 2002, WTS 3,
Table 2.3-7). The lack of wood is the result of cumulative effects of project and non-project actions: removal of wood from the channel long before the
projects were constructed, the lack of input from upstream sources (project effect), and low recruitment of large wood from within the reach due to previous
harvest of the riparian areas and the more stable channel and peak flow regime (project effect).

LWD in large rivers has been shown to create and maintain floodplain habitat (Sedell and Foggart 1984 in Agee 1988), primarily by forming logs jams on
the apex of point bars. These structures are very stable and are therefore able to resist channel migration over time and protect the riparian habitat that
develops (Abee and Montgomery 1996). Bar apex jams typically form around very large logs with attached root wad. Although Merwin Dam blocks the
movement of LWD from upstream into the lower river, it has been shown that local wood recruitment is important to the formation and jams. Rivers
bordered by agricultural areas, development, and clearcuts have fewer log jams than those with intact riparian forests (Collins et al. 2002).

3.4 The trapping of woody debris by project reservoirs reduces the net wood biomass reaching the Columbia River, estuary, and Pacific Ocean.

Cumulative effects of changes to inputs of water, wood, and sediment (1.0, 2.0, and 3.0):

The combined effects of the changes to flow patterns and the trapping of sediment and gravel transported into project reservoirs has resulted in relatively
stable channel configurations in lower Speelyai Creek and the Lewis River downstream of Merwin Dam. In the Lewis River bypass reach, the changed
regimes have resulted in coarse substrate and a narrower wetted channel with relatively large peak flows relative to low flows. The large peak flows
drastically alter aquatic and riparian habitat conditions.

The secondary effects of these changes to water, wood, and sediment inputs include:

Reduced aquatic habitat complexity (loss of in-channel and side-channel habitat).

Reduced chance for the long-term development of riparian habitat since flooding and sediment accumulations of riparian habitats and floodplain areas has
been reduced (See: Fetherston et al. 1995; Bisson et al. 1987 and supporting cites; Abbe and Montgomery 1996).

Reduction of spawning habitat for fish, and invertebrates.

Loss of biological diversity.
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4.0 Merwin, Yale, and Swift dams have blocked access to a non-field-verified 176 miles* of potentially accessible anadromous fish habitat in
the upper Lewis River basin, resulting in the extirpation of the preponderance of the population of naturally producing salmon and
steelhead of the North Fork Lewis River.

This represents a loss of historical spawning, rearing and migration habitat for anadromous salmonids, sturgeon, smelt, and lamprey, resident salmonids, and
other resident fish. It also reduced historical prey abundance for piscivorous fish and wildlife (i.e., eagles, osprey, kingfisher, mergansers, river otter, bull
trout, rainbow trout, cutthroat trout) in habitats upstream of Merwin Dam (See PacifiCorp and Cowlitz PUD 2002, AQU1 and AQU4).

The dams block the transport of marine-derived nutrients to upstream areas. This can reduce the productivity of upstream reaches.

5.0 None of the project dams on the Lewis River are equipped with downstream fish passage facilities.

Downstream migrating fish are subject to both spillway and intake entrainment, both of which have the potential to injure or kill migrating fish (See
PacifiCorp and Cowlitz PUD 2002, AQUS5 and PacifiCorp and Cowlitz PUD 2003).

6.0 The Speelyai Hatchery diversion dam (lower Speelyai Creek diversion) and upper Speelyai Creek diversion block access into Speelyai
Creek and divert upper basin flows into Yale Lake (See PacifiCorp and Cowlitz PUD 2002, AQU9 and PacifiCorp and Cowlitz PUD 2003).

7.0 The Lewis River Projects prevent the normal migration of bull trout into, out of, and between river reaches from Merwin Dam to Swift
Reservoir, interfering with natural metapopulation processes (i.e. prevents genetic exchange between Yale and Swift populations) (See
PacifiCorp and Cowlitz PUD 2002, AQU1 and PacifiCorp and Cowlitz PUD 2003).

8.0 Merwin, Yale, and Swift dams converted approximately 39 miles of mainstem riverine habitat into reservoirs in addition to habitat in the
lower reaches of inundated tributaries.

This change from river to reservoir habitat has reduced the production potential of the upper Lewis River basin (See PacifiCorp and Cowlitz PUD 2003).

The inundated channels previously provided an additional source of large woody debris and were a conduit for transport of sediment from upland sources.

9.0 The creation of relatively slow moving reservoir habitat in Lake Merwin and Yale Lake has resulted in the proliferation of northern
pikeminnow. Northern pikeminnow are known to prey heavily upon juvenile salmonids (See PacifiCorp and Cowlitz PUD 2002, AQU1).

The increase in the northern pikeminnow population was blamed for the failed efforts to raise coho in Lake Merwin (See PacifiCorp and Cowlitz PUD
2002, AQUS and PacifiCorp and Cowlitz PUD 2003).

* Estimate based on data from USGS 7.5 minute quads. Field surveys combined with a review of existing USFS data (PacifiCorp and Cowlitz PUD 2002) indicated
that approximately 96 miles of potentially accessible anadromous fish habitat existed above Merwin Dam.
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10.0 Merwin Project operations, lost access to upper basin habitat, no downstream fish passage facilities, and early hatchery practices
contributed to the extinction of the native Lewis River spring chinook stock (See PacifiCorp and Cowlitz PUD 2002, AQU1 and AQUS).

11.0 Operation of the Lewis River Hatchery Complex, and other hatchery facilities in the region, have altered the genetic structure and life
history diversity of native anadromous salmonids (chinook, coho and steelhead) in the Lewis River basin and increased the risk of
disease transmission between hatchery and wild stocks.

The lack of empirical, historical information makes it impossible to fully describe the extent of these changes (See PacifiCorp and Cowlitz PUD 2002,
AQUS and PacifiCorp and Cowlitz PUD 2003).

12.0 Management of the recreation fishery in the Lewis River reservoirs has resulted in the introduction of several nonnative species
including kokanee, tiger muskellunge, and a nonnative stock of rainbow trout, and in some cases, has resulted in the accidental release
of species into areas where release was not evaluated or planned (2000 Technical Report [PacifiCorp and Cowlitz PUD 2001] AQU 7-3. p.
7-3).

The presence of these species together with altered habitat has changed the "natural" ecological processes in the basin and created the potential for negative
or positive interactions with native species (i.e., increase competition for food, hybridization, loss of genetic fitness, and increased predation) (See
PacifiCorp and Cowlitz PUD 2002, AQUS and PacifiCorp and Cowlitz PUD 2003). However, without the changes to the system, it would have not been
possible to implement the recreation fisheries in the Lewis River reservoirs.

13.0 Recreational fishing associated with the project reservoirs increases fishing pressure on native stocks, including endangered species. For
example, fishermen in Swift Reservoir and its tributaries occasionally harvest bull trout (See PacifiCorp and Cowlitz PUD 2002, AQU1
and AQUS, PacifiCorp and Cowlitz PUD 2003). The location of the Lewis River and Merwin hatcheries, and the resultant mixed sports
fishery near these facilities, may also increase impacts on wild salmon and steelhead.

14.0 Operation of the Lewis River Projects has altered water quality and water temperature in the project-affected reaches of the Lewis
River.

Water temperature in the lower portion of the Lewis River bypass reach occasionally exceeds the WDOE water temperature standards (See PacifiCorp and
Cowlitz PUD 2002, WAQ!1 and PacifiCorp and Cowlitz PUD 2003).

Water temperature in the lower portion of Speelyai Creek is up to 5°C cooler than that observed upstream of the PacifiCorp diversion (See PacifiCorp and
Cowlitz PUD 2002, AQU9 Figure 4.9-6).

Water temperature in the Merwin tailrace is consistently higher than that observed at the upstream end of Swift Reservoir. The largest differences in daily
mean temperature occurs in September through December, when Merwin tailrace temperatures are generally between 4 and 10°C warmer than the inflow to
Swift Reservoir (See PacifiCorp and Cowlitz PUD 2002, WAQI1 Figure 3.1-5, and PacifiCorp and Cowlitz PUD 2003).
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Changes in generation at the Yale powerhouse cause fluctuations in water temperature and pH in upper portion of Lake Merwin (surface water temperature
can fluctuate as much as 10°C; see PacifiCorp and Cowlitz PUD 2002, WAQ1 Figure 3.1-2 and 3.1-3, PacifiCorp and Cowlitz PUD 2003).

Surface waters warm and thermoclines are developed in project reservoirs (See PacifiCorp and Cowlitz PUD 2002, WAQ1)

Operational effects of the projects have caused exceedences of TDG standards at Swift No. 1, Swift No. 2 and Yale tailraces when the projects are ramped
up to full load (see PacifiCorp and Cowlitz PUD 2002, WAQ 2 and WAQ 4).

Concentrations of phototoxic polycyclic aromatic hydrocarbons (PAHs) in Yale Lake approach levels that are toxic to zooplankton and fish, exceeding
known no-effects levels, but not exceeding effects concentrations (based on Lake Tahoe data; see PacifiCorp and Cowlitz PUD 2002, WAQ3).

The projects alter the form and quantity of nutrients flowing from upstream habitats to the reach below Merwin Dam, and hatchery operations have affected
nutrient levels downstream of the hatcheries (PacifiCorp and Cowlitz PUD 2002, WAQ1). Some stakeholders feel this could affect primary and secondary
productivity of the river downstream of the projects and reduce the number, size, and weight of juvenile fish in these habitats.

The lack of anadromous fish access to habitats above the dams has eliminated the input of marine derived nutrients (See PacifiCorp and Cowlitz PUD 2002
AQUS, PacifiCorp and Cowlitz PUD Final 2001 Technical Report WAQ 1, and PacifiCorp and Cowlitz PUD 2003). It is likely that several hundred tons of
marine derived nutrients, in the form of salmon and steelhead carcasses, entered the upper Lewis River basin prior to the completion of Merwin, Yale, and
Swift dams.

15.0 Operation of the Lewis River Projects affects wetlands that are hydrologically connected to project reservoirs.

There are 7 wetlands that are hydrologically connected to the reservoirs—3 at Merwin, 3 at Yale, and 1 at Swift. Of these, all 3 wetlands at Merwin and 1 at
Yale do not have other sources of water and are affected by drawdown. These wetlands are not likely to attract breeding amphibians because they do not
contain water during the breeding season. Amphibians successfully breed in the other 4 hydrologically connected wetlands.
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Logging — Timber harvesting is one of the most important industries in southwestern
Washington, and the majority of the land in the Lewis River basin is devoted to this use.
Since settlers first arrived in the area in the mid-1850s, logging and road building have
been the dominant activity in the landscape. By the late 1890s, formal logging operations
were established at Speelyai (near lake Merwin) and other locations. Over time, the
logging industry expanded greatly in the area and there are now numerous public and
private logging interests operating in the watershed.

Today, the USFS, the largest public landholder in the Lewis River watershed, manages
approximately 321,000 acres of non-wilderness Federal forest lands. Since about 1940,
approximately 31 percent of the National Forest land within the agency’s 166,000-acre
Lower Lewis River Watershed Analysis area has been subject to intensive timber harvest
(USFS 1996). This area includes lands drained by Panamaker, Cougar, Swift, Marble,
Pine, Drift, Siouxon, and Canyon creeks, and several smaller streams (Figure 4.18-2).
All of these streams are located above Merwin Dam. Overall harvest rates for the Pine
Creek drainage, a major tributary to the North Fork Lewis River above Swift Dam, were
calculated at 75 percent for the upper basin, 69 percent for the middle basin, and 52
percent for the lower basin (USFS 1996). The riparian areas or “riparian reserves”
surrounding the vast majority of the tributaries in the USFS Lower Lewis River
Watershed Analysis Area are impaired and have been severely affected by timber
harvest, volcanism, fire and floods. According to this same document, it could take “a
century or more before historic levels are reached.” It is important to note that the Pine
Creek and Swift Creek drainages previously were privately owned and were acquired by
the USFS in an effort to consolidate its ownership south of Mount St. Helens.

Approximately 28 percent of the land in the USFS’s “Middle Lewis River Watershed
Analysis” area has been harvested since 1950, with a much higher proportion of that
harvest occurring on privately owned lands (USFS 1995). The 102,000-acre “Middle
Lewis River Watershed Analysis Area” begins at the confluence of the Muddy River and
includes lands drained by Alec Creek, Chickoon Creek, Crab Creek, Big Creek, Little
Creek, Meadow Creek, Rush Creek, Curley Creek, Outlaw Creek, Hardtime Creek,
Miller Creek, Drift Creek, Range Creek and several smaller streams. All of these streams
are located upstream of Swift Dam. The riparian reserves in this portion of the basin
have been severely impacted by timber harvest activities; however, they are not as
heavily impacted as the USFS Lower Lewis River Watershed Analysis Area. The Upper
Lewis River Watershed Analysis (USFS 1998a) provides detailed information regarding
habitat in the Lewis River and tributaries upstream of Lower Falls (outside of the
potential anadromous fish reintroduction zone).

In addition to lands managed by the USFS, the upper portion of the Lewis River basin
contains large private and public land holdings actively managed for timber production.
The Washington State Department of Natural Resources (DNR) owns approximately
87,000 acres of forestland and has extensive holdings within and adjacent to the Lewis
River Projects. Private industrial forest landowners (Weyerhaeuser, Pope Resources, and
Longview Fibre) own approximately 98,000 acres of land in the watershed. A large
percentage of these state and private lands, including riparian areas adjacent to streams,
have been subject to intensive timber harvest and roading, at levels that are higher than
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Figure 4.18-2. Natural and cultural attributes of the Lewis River basin.
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those on National Forest lands. Most clearcutting in the Lewis River basin currently
occurs on private lands located adjacent to the reservoirs.

In the past 150 years, logging activities have altered the vegetation structure of the Lewis
River watershed. Old growth forests, with some fire-induced young and intermediate
aged stands, once dominated the area. Currently the age classes of vegetation in the
watershed are much more fragmented, with many small blocks of young, intermediate,
and mature stands (PacifiCorp and Cowlitz PUD 2002).

Prior to active state and federal regulation of forest practices, fishery habitat was
damaged throughout the Lewis River basin. Indiscriminate logging around and through
streams, the use of splash dams to transport logs, poor road construction and inadequate
culverts reduced or eliminated anadromous fish from many streams (WDW 1990). In
addition, logging in riparian zones and hillslopes decreases shade, increases water
temperatures, decreases the supply of large woody debris, alters streamflows, and
increases streambank erosion (Murphy 1995). As described above, many of these
impacts to aquatic habitat have been documented in both the upper and lower Lewis
River basin (USFS 1996, USFS 1995, Wade 2000). Such effects are important to
consider as plans for anadromous fish reintroduction move forward. The potentially
accessible streams above Merwin Dam with the highest quality habitat (the least amount
of impacts) should be the focus of initial reintroduction efforts. As riparian and instream
habitat conditions begin to improve in the more degraded streams over time, either
natural colonization or supplementation (coupled with monitoring) may lead to an overall
increase in natural production. However, it can take years, and possibly decades for
instream and riparian habitat conditions to improve over baseline conditions.

Roads — Interstate 5 bisects the lower Lewis River watershed. In addition, numerous
arterials and local access roads have been constructed to serve the small towns and
residential developments throughout the basin. State Route (SR) 503, also known as the
Lewis River Road, is the major east-west transportation route along the Lewis River. Use
of this road has increased substantially since the creation of the Mount St. Helens
National Volcanic Monument. As mentioned previously, much of the Lewis River basin
is managed as commercial forest, and as a result, it contains numerous logging roads
managed by the counties, DNR, USFS, and private landowners.

According to Wade (2000), road densities in the Lewis River basin (up to Merwin Dam)
average 4.48 miles per square mile. In the East Fork Lewis River basin, road densities
average 4.13 miles per square mile (WDFW 1998a). The average road density within the
USFS Lower Lewis River Watershed Analysis Area, between the upper portions of Yale
Lake (RM 42.4) to just above Pine Creek (RM 59.5), is 3.41 miles per square mile (USFS
1995). Pine Creek is one of the most densely roaded subbasins within the analysis area
with 6.44 miles of road per square mile. In the USFS Middle Lewis River Watershed
Analysis area, from above Pine Creek (RM 59.5) to just above Alec Creek (RM 74.7), the
average road density is 2.53 miles per square mile. These road densities on National
Forest System lands are significant, as areas exceeding 3.0 miles of road per square mile
are thought to have high potential for road-related environmental degradation (USFS
1996). Information regarding road densities on private and state forest lands could not be
found, although the USFS suspects that they would be equal to, or higher than those on
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federal lands (USFS 1996). Furthermore, stream crossings on USFS lands range from 0.8
to 1.7 per mile, while values of 1.5 stream crossings per mile can result in high levels of
aquatic and riparian habitat fragmentation (USFS 1996).

Recently, federal and state funding have been made available to improve fish passage
associated with stream crossings and also to decommission unused logging roads. Such
efforts are guided by applicable federal and state forest management regulations.

Tribal Uses —The 2 predominant Native American groups that originally resided in the
Lewis River watershed were the Cowlitz Tribe and the Yakama Nation. A Native
American group of several dozen people resided along the Lewis River until at least the
1880s, but information regarding this group is incomplete. No village locations or other
resource use areas are known within the immediate Lewis River Project area; however,
the region is known to have been used by Native Americans for deer hunting and fishing
(PacifiCorp 1999). In addition, the Klickitat Trail, a major Indian travel and trade route,
crossed the upper Lewis River near Yale Lake and continued east along the river for
approximately 30 miles. Along this route were villages, camps, and resource sites used
by the Klickitat.

The current tribal fishery in the Columbia River basin has little or no affect on Lewis
River stocks, since this fishery occurs on the Columbia River above the Lower Columbia
River Management Area (WDFW 2001a).

Recreation — Recreation is one of the most important land uses in the Lewis River
watershed. There are numerous recreational land managers in the basin including
PacifiCorp and Cowlitz PUD, DNR, WDFW, USFS, Clark County, and private entities.
Primary recreation activities include camping, hunting, fishing, hiking, biking, boating,
and other outdoor activities. In the Lewis-Kalama River watershed there are over 126
developed recreational access sites (WDFW 1998a). Creation of the Mount St. Helens
National Volcanic Monument substantially increased the number of visitors to the Lewis
River watershed.

As would be expected, peak use of the Lewis River watershed’s recreation facilities
occurs during the summer. Summer campground occupancy ranges from about 35 to 52
percent, while day use sites operate at about 35 to 52 percent of maximum capacity
(PacifiCorp and Cowlitz PUD 2002). To meet recreation demand in the watershed,
projections suggest that over the next 30 years there will need to be additional campsites,
day use or picnic areas, and boat launches. In addition, expansion of existing swimming
areas, interpretation and education sites, and trails may be needed (PacifiCorp and
Cowlitz PUD 2002).

Recreation anglers currently target Lewis River stocks in the lower mainstem Columbia
River, mainstem Lewis River and tributaries, and project reservoirs. Between 1980 and
1998, an average of approximately 4,300 spring chinook, 1,400 fall chinook, 3,500 coho,
and 7,500 steelhead were harvested in the Lewis River and its tributaries annually
(PacifiCorp and Cowlitz PUD 2002). In addition, the Lewis River reservoirs support
very popular rainbow trout, cutthroat trout and kokanee fisheries. The stocking of fish in
the Project reservoirs likely increases traffic and the number of visitor days in the basin.
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Harvest and Hatcheries — Sport and commercial harvest are 2 cultural activities that have
a direct effect on native fishes in the Lewis River.

Harvest — Prior to the completion of Merwin Dam, Lewis River salmon and steelhead
were relatively unaffected by hatchery or hydropower operations (PacifiCorp and Cowlitz
PUD 2002). However, beginning in the late-1800s, the number of salmon and steelhead
returning to the Columbia River was severely reduced by an intensive in-river and ocean
commercial harvest (Lichatowich and Mobrand 1995, NRC 1996, ISG 2000). The
harvest of Columbia River chinook salmon peaked in 1883 at 42,799,000 pounds, and
from 1884 through 1920, an estimated 20 to 50 million pounds of chinook, coho, chum
and steelhead were removed from the system annually (Craig and Hacker 1940, ISG
2000) (Figure 4.18-3). As catches of chinook began to decline in the early 1920s, the
industry shifted to different species to maintain production (Lichatowich and Mobrand
1995).
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Figure 4.18-3. Columbia River salmon and steelhead harvest in millions of pounds
(1866 through 1936).
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The early fishery occurred throughout the Columbia Basin, but it was concentrated in the
lower 20 miles of the mainstem. The amount of gear (gill nets and traps) employed and
the intensity of the fishing were so great that at times canneries just 20 miles upriver
could not obtain enough fish. They had to send their fishermen to the mouth of the
Columbia to obtain their supply of fish (Lichatowich et al. 1999).

This excessive harvest combined with widespread habitat loss and/or degradation acted
synergistically to reduce abundance of Columbia River basin salmon stocks, and it
undoubtedly reduced the abundance of salmon and steelhead in the Lewis River basin
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prior to the construction of Merwin Dam. Unfortunately, the magnitude of these impacts
is unknown.

Today, Lewis River salmon and steelhead continue to be exploited by commercial and
recreation fisheries. Lewis River spring chinook are taken in the commercial fisheries in
the Pacific Ocean off Alaska, Canada, and the northwestern U.S. In past years, these fish
were also subject to significant harvest in the mainstem Columbia River. According to
NMFS, BIA and USFWS (2000), the ocean fisheries’ exploitation rate of lower Columbia
River spring chinook, including Lewis River spring chinook, is 15.6 percent (based on
2000 model estimates). The Lewis River spring chinook sport fishery harvest rate has
averaged about 60 percent of the total basin return (1988 to 1999 data) (WDFW 2001a).
The actual number of spring chinook taken in the Lewis River recreation fishery from
1980 to 1998 has ranged from 394 fish in 1996 to 10,382 in 1987, and averaging
approximately 4,300 (Table 4.18-2) (PacifiCorp and Cowlitz PUD 2002).

Table 4.18-2. The average number of salmon and steelhead harvested in the Lewis River recreation
fishery based on punch card returns to WDFW.

Average Annual Recreation
Species/Stock Harvest Data Range
Spring Chinook 4,300 1980 through 1998
Fall Chinook 1,400 1980 through 1998
Coho 3,500 1980 through 1998
Winter Steelhead 3,400 1962 through 1998
Summer Steelhead 3,600 1962 through 1998

Native Lewis River fall chinook are harvested primarily off Alaska and Canada. Total
commercial harvest rates of this stock averaged 49 percent from 1977 through 1990 and
28 percent in 1991 and 1992 (NMFS, BIA and USFWS. 2000). The Lewis River fall
chinook recreation fishery is managed for an escapement goal of 5,700 adult spawners.
In years where tributary run size is expected to exceed the escapement goal, a sport
fishery is open. From 1996 through 2000 the recreation fishery was closed for all or part
of the season due to low escapement (< 5,700 fish). The number of fall chinook
harvested in the Lewis River recreation fishery from 1980 to 1998 based on punch card
returns has ranged from 8 in 1998 to 3,057 in 1988, averaging approximately 1,400
(Table 4.18-2) (PacifiCorp and Cowlitz PUD 2002).

The majority of Lewis River coho are harvested off the Oregon and Washington coasts.
For the 1991 through 1994 broods, contribution rates of Lewis River Type-N coho were
approximately 13 percent to Washington coastal fisheries, 8 percent to the Canadian troll,
and 6 percent to the Columbia River net fisheries. Escapement accounted for about 66
percent of the total survival (Byrne and Fuss 1999). Contribution rates for Type-S coho
were 8 percent to the Washington coastal fishery, and 5 percent to the Oregon sport
fishery. Escapement accounted for the majority (85 percent) of the total Type-S coho
survival. The number of coho salmon harvested in the Lewis River recreation fishery
from 1980 through 1998 based on punch card returns has ranged from 739 in 1994 to
8,673 in 1991, and averaged approximately 3,500 (Table 4.18-2) (PacifiCorp and Cowlitz
PUD 2002).
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Steelhead retention is prohibited in commercial ocean fisheries and as a result, they are
rarely caught in the marine environment (WDFW 2001a; NMFS, BIA, and USFWS
2000); however, Lewis River steelhead support a popular in-river recreation fishery.
Between 1962 and 1998 the annual recreation harvest of winter steelhead in the Lewis
basin ranged from 403 in 1997 to 6,869 in 1980, and averaged approximately 3,400
(Table 4.18-2). Annual harvest of summer steelhead has ranged from 359 in 1962 to
8,714 in 1986, averaging approximately 3,600 (PacifiCorp and Cowlitz PUD 2002).

Hatcheries — Hatchery production of Pacific salmon began in the late nineteenth century
and ever since it has played a pivotal role in the management of anadromous salmonids in
the Columbia River basin. Early hatchery programs focused almost exclusively on
increasing the abundance of adult salmon for harvest (ISG 2000). More recently, the goal
of most hatchery programs has been mitigation. The prevailing belief was that hatchery
production, a relatively new and untested technology, would more than compensate for
over-harvest and lost habitat. Fish hatchery management in the Lewis River basin dates
back to 1909.

Johnson Creek Hatchery - From 1909 through 1917, a salmon hatchery was operated on
Johnson Creek at Lewis River Mile (RM) 15 to “handle” fall chinook and chum salmon
(WDF and USFWS 1951). Between 1918 and 1930, there were no known hatchery
operations in the Lewis River basin, although a fish rack was maintained on Cedar Creek
“for some years” (WDF and USFWS 1951). It is unclear from existing literature why the
Johnson Creek facility was closed in 1917.

Lewis River Hatchery — When Merwin Dam was completed in 1932, natural upstream
resident and anadromous fish passage was blocked at River Mile [RM] 19.4 (PacifiCorp
and Cowlitz PUD 2002). To help maintain anadromous fish runs and to mitigate for lost
natural production, Inland Power and Light, the Washington Department of Fisheries and
the Washington Department of Game built the Lewis River Hatchery and Merwin Dam
Anadromous Fish Collection Facility (Inland Power and Light Company 1932, Hamilton
et al. 1970). Inland Power and Light funded the construction of both facilities, although
they were, and continue to be, operated by WDFW. The original goal of the Lewis River
hatchery program, as written in the initial project license, was to “maintain existing
conditions of fish migration and fish culture in the Lewis River as the Secretary of
Commerce may consider necessary.” The belief was that the Lewis River Hatchery
would fully mitigate for the habitat losses associated with completion of Merwin Dam.

Theses facilities became fully operational in 1932, although juvenile salmon stocking
began as early as 1930. During subsequent years, returning adult anadromous fish were
collected at the Merwin trap, counted, and either used for hatchery broodstock or
transported upstream by truck to spawn naturally in the upper Lewis River and its
tributaries.

Between 1933 and 1953, Lewis River Hatchery practices were generally poor and adult
spring and fall chinook returns to the Merwin Dam trap declined dramatically (Section
4.18.5.4). According to Smith (1937), “poor water supply, disease, faulty technique and
inherent weakness of the spawning fish themselves” were responsible for the decline in
abundance. The number of coho caught in the trap also decreased in 1935 and 1938, but
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then recovered and remained relatively stable through 1953 (Section 4.18.5.4). The
decrease in coho returns during the late 1930s was blamed on “poor or intermittent
spilling” over Merwin Dam during the outmigration period (Smoker et al. 1951).
According to Smoker et al. (1951), this lack of regular spill at Merwin Dam resulted in
extensive mortality by either preventing downstream migration or forcing migration
through the turbines (where juvenile salmonids were subject to turbine related injury or
mortality). While the reduced coho runs were blamed on a lack of spill, operator logs for
this period show that spill occurred at Merwin Dam nearly every day during the late
winter and early spring (PacifiCorp unpublished data). Unlike chinook and coho,
steelhead returns to the Lewis River remained relatively consistent from 1932 through
1951 (Section 4.18.5.4).

In an attempt to minimize Lewis River Hatchery-related mortality, the WDF constructed
a hatchery facility near the mouth of Cougar Creek, located approximately 18 miles
upstream from Merwin Dam. Completed in 1938, the Cougar Creek facility consisted of
a small hatchery building, a residence, 2 holding ponds and 4 rearing ponds. All ponds
were formed of earth with gravel bottoms (WDF and USFWS 1951). With improved
water quality conditions, spring chinook survival increased dramatically during holding;
however, this facility eventually was decommissioned in the late 1950s during the
construction of Yale Dam. Operations were relocated to Speelyai Creek.

Speelyai Hatchery — During the planning phases for the Swift No. 1 and Swift No. 2
projects in the mid-1950s, an investigation was conducted by the WDF to predict the
effects of the new hydroelectric projects on coho salmon in the Lewis River. Based on
the results of this examination, WDF decided to discontinue transporting and releasing
coho salmon into the upper watershed for natural spawning. It was further proposed that
all the coho salmon be spawned artificially at a new hatchery to be built on Speelyai
Creek (Speelyai Hatchery). The transportation of coho into the upper watershed was
discontinued in 1957, 2 years prior to the completion of Swift Dam (Hamilton et al.
1970). Again, it was believed that additional hatchery production would mitigate for the
subsequent loss of habitat.

Speelyai Hatchery was completed in 1958 at the confluence of Speelyai Creek and Lake
Merwin. Initially, the facility consisted of 2 holding ponds (each measuring 60 by 30
feet) and an incubation station.

In addition to funding the construction and operation of Speelyai Hatchery, PacifiCorp
and Cowlitz PUD funded a series of studies to determine if it was feasible to rear coho
salmon in Lake Merwin (Hamilton et al. 1970). From 1958 through 1964, coho fry and
fingerlings reared at Speelyai Hatchery were released into Lake Merwin and Speelyai
Creek. After 6 years of study, it was concluded that Lake Merwin could not be used
“under present conditions” as a substitute for the in-river environment for coho salmon
(Hamilton et al. 1970). As a result, rearing of coho in Lake Merwin was abandoned in
favor of additional hatchery production.

Speelyai Hatchery was expanded in 1970 under conditions set forth in Article 32 of the
Swift No. 1 Project and Article 23 of the Swift No. 2 Project licenses. The hatchery
diversion, located near the mouth of Speelyai Creek blocks fish access into the creek. A
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second diversion at RM 4.3 diverts all flow from Speelyai Creek into a canal that
discharges to Yale Lake.

Although not part of PacifiCorp’s and Cowlitz PUD’s mitigation program, there are also
7 net pens located in the Echo Park Cove at RM 10 on the North Fork Lewis River that
provide approximately 50,000 cubic feet of rearing space. These net pens are owned and
operated by Fish First. WDFW also operates net pens in Lake Merwin near the mouth of
Speelyai Creek (Speelyai Bay). These WDFW net pens contain enough rearing space for
approximately 60,000 fish

Merwin Hatchery — In 1983, FERC issued a license for the continued operation of the
Merwin Hydroelectric Project. Article 50 of the new license required PacifiCorp to fund
the construction, operation and maintenance of a new steelhead and sea-run cutthroat
trout hatchery on the Lewis River and to make the following provisions for anadromous
fish:

Spring Chinook Salmon: The Licensee shall pay all expenses for the annual
hatchery production of approximately 250,000 juvenile spring chinook (to
produce 12,800 adult fish). This production will take place in existing hatcheries.

Coho Salmon: The Licensee shall pay all expenses for the annual hatchery
production of approximately 2,100,000 juveniles (to produce 71,000 adult fish).
This production will take place in existing hatcheries.

Steelhead and Sea-Run Cutthroat Trout: The Licensee shall construct and pay
all operating and maintenance expenses of a hatchery to produce annually approxi-
mately 250,000 juvenile steelhead (about 41,600 pounds) and approximately
25,000 juvenile sea-run cutthroat trout (up to 6,250 pounds).

Article 51 of the 1983 Merwin Project license also required PacifiCorp to pay the costs
associated with the operation and maintenance of such facilities to provide for the
following resident fisheries:

Lake Merwin: Annual release of 100,000 kokanee at 7-8 fish per pound.
Kokanee releases can be supplemented partially or completely with rainbow trout
(same poundage) if insufficient numbers of kokanee are available.

Yale Lake: Protection of habitat on that portion of Cougar Creek under control
of the licensee, which provides spawning for resident sockeye (kokanee) salmon.

Swift Reservoir: Annual release of 800,000 rainbow trout fry at 25-30 fish per
pound.

In 1988, WDF and WDW and PacifiCorp entered into an agreement leading to the
development and operation of the Merwin Hatchery, the third hatchery facility operating
in the Lewis River basin. The Merwin Hatchery became fully operational in 1993 and
includes 4 adult holding ponds, 10 concrete fingerling raceways, 6 intermediate
raceways, 4 rearing ponds, and incubation facilities. The original goal of the Merwin
Hatchery program was to provide winter and summer steelhead, sea-run cutthroat trout,
and rainbow trout for harvest by sport anglers (Montgomery Watson 1997); however, the
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sea-run cutthroat trout program was eliminated in 1999. Prior to 1993, steelhead released
in the North Fork Lewis River were reared at other hatcheries (Hymer et al. 1993).

The 3 facilities comprising the Lewis River Hatchery Complex have been releasing
chinook, coho, steelhead, and other species into the Lewis River basin for over 70 years
(Section 4.18.5.4). Although hatchery production and management strategies have
changed over time, the ultimate goal of this program has been to provide adult
anadromous fish for commercial and recreation harvest (in the absence of historical
habitat). For the most part, the Lewis River Hatchery Complex has been able to do this;
however, early hatchery practices, out-of-basin stock releases, mixed-stock fisheries, lost
historical habitat due to dam construction, and habitat degradation have adversely
affected a number of native Lewis River salmon and steelhead stocks (Section 4.18.5.4).
For example, native Lewis River spring chinook disappeared from the basin in the early
1950s, and today the spring chinook population in the Lewis River is a mixture of Carson
(upper Columbia River), Cowlitz, Kalama, and Klickitat stocks. The native Lewis River
coho population was also altered by extensive stock introductions and early hatchery
practices, and is currently a mixture of Cowlitz, Toutle, and Lewis River stocks. Lewis
River steelhead are thought to be native, although interbreeding has undoubtedly
occurred with introduced stocks from the Cowlitz, Washougal, Elochoman, and Klickitat
rivers. Fortunately, native Lewis River fall chinook have remained relatively unaffected
by hatchery operations and are one of the few healthy fall chinook stocks in the lower
Columbia River. The effects of hatchery fish on other species such as native bull trout
and cutthroat trout are largely unknown.

While impacts to most native Lewis River stocks have been substantial, more recent
hatchery management goals and practices have focused on reducing hatchery impacts on
native and wild (naturally spawning) fish. These goals and management directions, as
outlined in the Merwin Hatchery agreement, WDFW’s recent draft Hatchery and Genetic
Management Plans (HGMPs) for chinook and steelhead, and in policy documents such as
WDFW’s Wild Salmonid Policy, should help to reduce or eliminate the negative effects
of hatchery production and operation, and contribute to the conservation and potential
recovery of ESA-listed salmon and steelhead (see Section 4.18.5.7). However, continued
monitoring and reevaluation of program goals is critical to the success of current and
future hatchery programs.

For years, hatchery production mitigated for lost habitat due to dam construction, and it is
likely that the Lewis River complex will continue to produce salmon and steelhead. It
will also likely play a major role in the potential reintroduction effort. However, if
reintroduction succeeds, the existing reliance on hatchery production should diminish as
populations of naturally produced salmon and steelhead become established. Defining
reintroduction success, implementing measures designed to increase the potential for
success, and outlining the steps leading to a potential reduction in future hatchery
production are the next logical steps in the process.

4.18.5.3 Historical and Current Habitat Forming Processes

The climate, underlying geology, and vegetation characteristics of a watershed influence
the input, transport, and storage of water, sediment, wood, nutrients, heat, and other
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elements that form aquatic habitat. In addition, human influences (cultural systems) can
alter the rate of input, transport, and storage of these elements and alter aquatic habitat.
The primary cultural systems in the Lewis River watershed upstream of Swift Dam
affecting aquatic habitat are timber harvest and recreation activities. Regulation of the
movement of water, sediment, wood, and nutrients by the Lewis River hydroelectric
projects, past gravel mining, and urbanization have affected aquatic habitat in the lower
river.

There are few, if any, measurements of aquatic habitat conditions prior to the influence of
cultural systems in the watershed. However, based on information from similar river
systems and our knowledge of watershed processes, the general effects of human
influences on aquatic habitat in the Lewis River can be described.

Flow

Historical Flows — The natural flow characteristics of streams in the Lewis River
watershed are responsive to the regional precipitation patterns, elevation and geologic
features of each stream basin. The moist maritime climate includes a wet season from
late fall through spring and a much drier summer, with little precipitation during July,
August, and September. Total precipitation, as well as the percentage of precipitation
that falls as snow, increases with elevation in the basin. Streamflow patterns of upper
basin reaches show a marked spring runoff peak, very low flows in summer and early
fall, and a secondary peak resulting from fall and early winter rainstorms (Figures 4.18-4
and 4.18-5). Streams in the lower elevations of the watershed, where a snow pack does
not develop, have a fall/winter rainfall peak and low summer flows (Figure 4.18-6).
Smaller tributaries in the watershed often show a “flashier” runoff pattern than larger
streams. They are more responsive to changes in precipitation, with relatively higher
peak to mean flow ratios and lower baseflow to mean flow ratios, as shown by analysis of
the Speelyai Creek gage data (Table 4.18-3). Baseflows for most streams in the
watershed occur during August, September, and October when little rain falls in the area.
Baseflows vary with stream size, but are generally 1/3 to 1/4 of the average annual flow
(Table 4.18-3). The exception to this is Speelyai Creek, a small tributary to the Lewis
River that has very low baseflows (about 14 times lower than average annual flow).

Note that on Figures 4.18-4 through 4.18-7, the pre-project (upper graph) and with-
project (lower graph) periods for these gages show different patterns despite the fact that
the gages are upstream of the projects and not affected by project operations or facilities.
The median (50 percent exceedence) patterns are similar, although slightly different,
between analysis periods, but the higher magnitude flow patterns (lower exceedence
values) are quite different. These differences point out the challenges associated with
comparing hydrologic data over different time periods, particularly if only short periods
of record are available.

Page AQU 18 Appendix G-30 - 2002 Technical Report 06/24/03

\\Neoserver\disk1\Projects\Lewis River\Final Tech Reports 04-04\04.0 AQU\AQU 18_Appendix G (concept found).doc



PacifiCorp / Cowlitz PUD
Lewis River Hydroelectric Projects
FERC Prnje-r‘f Nos. 935 2071 2111 2213

4,000

Pre-project ’

3,500 A

3,000

2,500 A

2,000 A

Flow (cfs)

1,500 |

1,000 |

500

Jan Feb Mar Apr  May Jun Jul Aug Sept Oct Nov Dec
Month

4,000
Post-project
3,500 -
3,000 -

2,500 |

2,000 |

Flow (cfs)

1,500 |

1,000 |

500 A

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Month

Figure 4.18-4. Daily flow exceedence curves for Lewis River above Muddy River
near Cougar.5

> USGS Gage 14216000: pre-project data is from 9/1/27 to 9/30/34 and 10/1/54 to 9/31/57; post-project is
from 10/1/58 to 9/30/70. Note that differences between two periods are likely the result of the different

periods of record.
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Figure 4.18-5. Daily flow exceedence curves for Muddy River below Clear Creek
near Cougar.6

® USGS Gage 1426500: pre-project data is from 10/1/27 to 9/30/34 and 10/1/54 to 9/31/57; post-project
data is from 10/1/58 to 12/31/73 and 10/1/83 to 9/30/98. Note that differences between two periods are
likely the result of the different periods of record.
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Figure 4.18-6. Daily flow exceedence curve for Lewis River at Ariel (below Merwin
Dam).7

T USGS Gage 14220500: pre-project data is from 1909 through 1930 and post-project data is from 1932
through 1998. Daily flow from 1910 through 1923 was estimated based on Lewis River flow at USGS
Gage 14219500 near Amboy.
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Figure 4.18-7. Daily flow exceedence curve for Lewis River near Cougar.8

¥ Swift No. 2 bypass reach, USGS Gage 14218000: pre-project 7/1/24 to 9/31/57; post-project 10/1/58 to
12/31/77). Note: On the post-project graph, the 10% exceedence flow curve is plotted on a different scale.
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Table 4.18-3. Summary of streamflow statistics for Lewis River stream gages.

Annual 50% | Average 2-year Baseflow: Peak:
exceedence 1-day peak flow |annual flow| annual flow

Stream Gage flow (cfs) |baseflow (cfs) (cfs) ratio ratio
Lewis River near Trout Lake 500 113 5,890 0.23 12
Lewis River above Muddy River 917 283 9,240 0.31 10
Muddy River below Clear Creek 620 144 6,720 0.23 11
Lewis River near Cougar (pre-project) 2,185 687 18,100 0.31 8
Speelyai Creek 56 4 1,680 0.07 30
Lewis River at Ariel (pre-project) 3,370 1,051 42,000 0.31 12
Lewis River at Ariel (with-project) 3,790 767 22,000 0.20 6

Current Flows — Timber harvest is the primary potential cultural influence on
streamflows in the upper watershed (upstream of Swift Reservoir). Research on the
effects of timber harvest on streamflow has resulted in conflicting conclusions. Some
studies suggest that harvesting and road building increase peak flows and summer water
yields, while other studies find no significant changes once climatic variability is taken
into account (see summary in Bowling et al. 2000). All of the studies have concluded
that in order to detect differences, large portions of a watershed must be harvested;
changes were less noticeable in large watersheds and as trees grew back. Therefore, in
the Lewis River watershed, it is possible that timber harvest has altered streamflows in
very small catchments, but unlikely that measurable changes have occurred in larger

streams used by fish.

Streamflows in reaches downstream of project facilities are affected by storage or diversion
of water, including the Lewis River bypass reach (between Swift Dam and Yale Lake),
lower Speelyai Creek, and the Lewis River downstream of Merwin Dam. Under current
conditions, flows from the Lewis River are diverted into the Swift Canal and do not enter
the 3-mile-long Lewis River bypass reach except during spill events. As a result, the only
flow in the bypass reach is a result of inflow from tributaries, groundwater, and canal
leakage. Flows downstream of Ole Creek, near the downstream end of the reach, are
higher as a result of inflows from the creek. During high runoff conditions, when the
projects are operating to control floods in the basin or during operational emergencies,
water is spilled into the reach from either the Swift Dam spillway or the Swift Canal
spillway, located 1.25 miles downstream of Swift Dam. As a result of these operational
regimes, flow in the Lewis River bypass reach is very low (5-10 cfs) most of the time.
Spill events occur sporadically, but in general, spills of several thousand cfs or greater
occur every few years. The largest spill since Swift Dam was constructed was about

64,000 cfs during February 1996.

Speelyai Creek is a tributary to Lake Merwin. A diversion structure 4.3 miles upstream of
the mouth of the creek currently diverts water from the upper watershed into a canal that
carries flow into Yale Lake. A second diversion structure, which supplies water to
Speelyai Hatchery, is located 0.1 miles upstream of the mouth. Under current conditions,
flows in lower Speelyai Creek gradually increase downstream from the upper diversion
from spring flows and small tributary inflows. Flow measured at the hatchery averages 17
cfs in the summer months (July-September), and 21-28 cfs during the spring and winter.
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Flows in the Lewis River downstream of Merwin Dam are also affected by project
operations. Flows in this reach are highest during the winter, decreasing gradually in the
spring, and are lowest during summer months (Figure 4.18-6). Storage of water in project
reservoirs and operation of the turbines result in lower peak flows and a step-wise flow
pattern as units are turned on and off for power generation.

An analysis of changes in flow patterns downstream from Merwin Dam using the
Indicators of Hydrologic Alteration (IHA) method (Richter et al. 1996) was completed to
compare pre-project and with-project conditions (Kaje 2002). The results were similar to
those reported in the Streamflow Study (PacifiCorp and Cowlitz PUD 2002a: WTS 2). The
project storage and flood control operations result in higher median flows during fall and
winter months (September-March) as the reservoirs are drawn down and then regulate
winter peak flow events. Median flows are lower between April and July as the reservoirs
are refilled for the summer recreation season. Project operations have slightly lowered
minimum flows (2-9 percent lower) and daily maximum flows (13-14 percent lower) and
shifted the timing of low flows from September to August. The timing of the one-day
maximum daily flow has shifted from December to January. Flows rise and fall more
frequently under regulated conditions, with more gradual flow increases and more rapid
flow decreases.

These flow changes have resulted in more wetted area in the Lewis River downstream
from Merwin Dam during the summer and early fall months than prior to construction of
the projects, inundating more potential aquatic habitat and likely more side channel
habitat. The reduction in peak flows has resulted in a more stable channel with less scour
of redds and less sediment transport than prior to project operation. These conditions are
different than a “natural” system that is often quite dynamic. Reduced springtime flows
may also have an impact on out-migrating smolts.

While PacifiCorp currently complies with WDFW-recommended ramping rate criteria
for flows below Merwin Dam (Hunter 1992), project-related flow fluctuations still have
the potential to adversely affect aquatic resources. In the past, multiple fish losses have
occurred in the Lewis River as a result of project-induced changes in river stage.
PacifiCorp and Cowlitz PUD (2000) documents 5 separate incidents of rapid flow
reductions that resulted in fish kills in a 2-year period.

Sediment

The amount of sediment supplied to a river has a major influence on the form and stability
of the river channel. Streams carrying high sediment loads are generally braided, with
many shifting and anastamosing channels and often show signs of aggradation. Streams
with very limited sediment loads are often armored with large particles, and may exhibit
signs of incision.

Historical Sediment Inputs — There are no data on the sediment loads of streams in the
Lewis River watershed prior to cultural disturbances. However, an estimate of sediment
inputs from natural background sources were computed for several sub-basins in the
watershed downstream of the projects during relicensing studies. The inputs were
separated into “background” inputs, those that would be expected to occur with no cultural
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influences in the basin, and management-related sources, primarily relating to timber
harvest and forest roads (Table 4.18-4). The inputs are expressed as average tons/square
mile of drainage area/year for comparison between drainages. It is understood that the
majority of inputs are from mass wasting events that are episodic and provide large
quantities of sediment during occasional large storm events and little sediment for the
remainder of the time. (Note that the sediment inputs were computed only for the drainage
areas indicated and did not include potential inputs from upstream sources that are
currently blocked by dams.)

Table 4.18-4. Average annual sediment input to selected Lewis River sub-basins under background
and current conditions (all values in tons/sq mi/yr).

Lewis River
Upper Lower Swift from Merwin
Speelyai | Speelyai | Rain Ole bypass | Dam to Eagle | Cedar
Creek Creek Creek | Creek | (w/o Ole; Island Creek
Source (13 sq mi) | (4 sq mi) | (2.4 sq mi)|(5 sq mi)| 2 sqmi)’ | (32 sqmi)' | (55 sq mi)
Background 40 60 4,067 117 10 25 20
Management- 714 1 40 200 0 181 8
related sources
Percent Increase | 7950, | g0y, 0% | 170% | 0% 720% 40%
over Background
[Upstream Sediment
Blocked by Dams? N Y N N Y Y N

The estimated background sediment input to the study basins ranged from 10 to 117
tons/mi’/yr with the exception of the small Rain Creek watershed that experienced
several large landslides and had an average of 4,067 tons/mi*/yr.

Historically, it is likely that input of sediment to the Lewis River upstream of Swift Dam
included periodic large inputs from lahars and ash fall associated with volcanic activity at
Mount St. Helens, Mt. Hood, and the Indian Heaven volcanic field. This sediment would
have been transported through the watershed into the lower Lewis River and Columbia
River.

Current Sediment Inputs — Current sediment inputs to streams in the Lewis River
watershed are due to natural processes and land management practices that have
increased the erosion potential of managed areas, and to the construction of dams or
barriers that block downstream transport of sediment.

The eruption of Mount St. Helens provided an overwhelming recent source of sediment to
several streams in the upper watershed, instantaneously contributing large amounts of
sediment via mudflows, and providing a source of easily erodible ash to streams in portions
of the upper watershed. Mudflows during the initial eruptions swept nearly 18 million
cubic yards of water, wood, and debris down these streams and into Swift Reservoir
(Tilling et al. 1990). These streams, primarily the Muddy River, Pine Creek, and Swift

? Note that the Lewis River bypass reach and Lewis River from Merwin Dam to Eagle Island sections
include only sediment inputs from within the small drainage areas downstream from Swift or Merwin
dams, respectively.
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Creek, are still carrying large volumes of sediment into the reservoir; over 15 million tons
of sediment were transported from 1982 through 1990 (Dinehart 1997). Thick deposits
of tephra covered the upper portions of Smith Creek and Clearwater Creek, reducing
infiltration rates and increasing erosion following the 1980 eruption (Dinehart 1997).

Several large fires burned in the East Fork Lewis River watershed in the past century
(Wade 2000). The Yacolt Fire of 1902 covered 238,900 acres and was a particularly hot
burn, leaving little live vegetation. Portions of the area were re-burned in subsequent
fires in 1927, 1929, and the 1950s. These fires likely increased sediment inputs for
several years until vegetation was re-established. Associated timber salvage operations
also likely greatly increased sediment inputs as wood was pulled from riparian areas and
stream channels.

Road building, timber harvest, farming/grazing, or urbanization have taken place in
nearly all portions of the Lewis River watershed. These activities have the potential to
increase the sediment supply to streams through associated mass wasting, surface
erosion, or bank erosion. Quantitative estimates of the amount of sediment input to
streams from management-related sources have been made for a few portions of the
watershed (Table 4.18-4). In these sub-basins, sediment input ranged from very little in
Lower Speelyai, Cedar Creek, and the Lewis River bypass reach, to several hundred
tons/mi*/yr in Upper Speelyai, Ole Creek, and the Lewis River downstream of Merwin
Dam. Similar ranges of cultural inputs are likely in other areas of the watershed, with
disturbances on steep slopes (primarily road or timber harvest activities, predominantly in
the middle and upper portions of the watershed) or directly adjacent to streams (grazing
or urbanization, primarily in the lower portions of the watershed) most likely to cause the
largest inputs.

Other disturbances in the watershed that affect the movement of sediment through the
river system included construction of dams and diversions and gravel mining. In lower
Speelyai Creek, the Lewis River bypass reach, and the Lewis River downstream of
Merwin Dam, sediment from upstream sources has been blocked by the dams. In each of
these 3 reaches, the channels would have carried much higher loads of sediment from
either management-related inputs (e.g., Speelyai Creek) or from Mount St. Helens (the
Lewis River reaches) than under current conditions if the dams had not been in place. In
the past, gravel mining activities have occurred in the Lewis River downstream of
Merwin Dam and in the East Fork Lewis River. Gravel was also mined in the Lewis
River bypass reach to provide materials for dam construction. Gravel mining operations
reduce the in-channel amount of gravel, and often results in reduced spawning habitat
availability.

Sediment from reaches upstream of project dams is blocked from being transported to
downstream reaches. As a result, the Lewis River bypass reach, lower Speelyai Creek,
the Lewis River downstream from Merwin Dam, and the Columbia River and estuary
have a much lower rate of sediment movement than would have occurred if the project
dams were not in place. The high peak flows and high gradient in the Lewis River
bypass reach result in a cobble-boulder bed, with little gravel except downstream from
Rain and Ole creeks. Lower Speelyai Creek has a stable channel, with a variety of grain
sizes; if the upper Speelyai diversion were not in place, the channel would be very wide
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and active, with a cobble bed similar to the creek upstream of the diversion structure.
The Lewis River downstream from Merwin Dam has a mix of substrate sizes, and has
retained spawning-sized gravel, likely as a result of the very low gradient. If the project
facilities were not in place, the river downstream from Merwin Dam would be much
different, with a very active channel and abundant sediment and large woody debris as a
result of the huge influx of sediment and debris following the Mount St. Helens
eruptions.

Large Woody Debris

The role of large woody debris in shaping the geomorphology and aquatic habitat in large
river systems has been a topic of much recent research (Abbe and Montgomery 1996,
Bilby and Bisson 1998, Collins et al. 2002). Compared to small streams, single pieces of
large woody debris in large river systems (>60 feet wide) are less of an influence on
channel dynamics because the pieces are not very stable in large flows, are usually
confined to the banks instead of within the wetted channel, and are so small compared to
the size of the river they do not have enough influence on channel hydraulics to form
reach-scale elements of habitat complexity (Bilby and Bisson 1998, Lassettre and Harris
2001). Recent investigations of the historical role of large woody debris in large river
systems have confirmed that single pieces do not have the same function as they do in
smaller systems (Collins et al. 2002).

Large woody debris performs additional ecosystem functions, including trapping
sediment and smaller pieces of wood and debris that can retain nutrients in the ecosystem
and influence the development of riparian habitat communities, and trapping salmon
carcasses. Large woody debris also provides habitat for fish, macroinvertebrates, and
other aquatic species.

Historical Large Woody Debris — Historically, wood formed large log jams or log rafts
that influenced the morphology of large rivers on many scales (Collins et al. 2002). Ata
local scale, the wood formed pools and provided cover. At the reach scale, the jams
formed and maintained multiple channels and floodplain sloughs. At a valley bottom
scale, the large log jams influenced water, sediment, and wood routing during high flows
by increasing flooding and recharge of floodplains and associated wetlands, and trapping
sediment and additional wood. Historic wood loading levels in the Lewis River
watershed are not known; however, it is likely that there was much more wood than
under present conditions, including log jams and single pieces of wood.

Current Large Woody Debris — Large woody debris and log jams were removed from
most large western Washington streams in the late 1800s and early 1900s by settlers and
the Corps of Engineers to decrease flooding and improve navigation. The combination of
instream wood removal and harvesting of lowland riparian forests resulted in very little
large woody debris in or being recruited to most large western Washington streams by the
early-to mid-1900s (Collins et al. 2002). It is very likely that log jams in the lower Lewis
River were removed in the late 1800s since there was very little wood in the river in the
earliest (1939) aerial photographs, even as far downstream as the confluence with the
Columbia River. Timber salvage associated with the Yacolt Fire (1902) included
removing wood from the riparian areas and streams in the East Fork Lewis River, and
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removal of log jams was undertaken as recently as the 1980s to improve fish passage
(Wade 2000). Mudflows associated with the eruption of Mount St. Helens in 1980 and
subsequent channel migration in Pine Creek, Swift Creek, and the Muddy River
transported large volumes of wood downstream. Much of this wood was removed from
Swift Reservoir; some is stored in the channels upstream of the reservoir.

Current levels of large woody debris were measured during field surveys of the Lewis
River in the Lewis River bypass reach, downstream of Merwin Dam, and Speelyai Creek.
Lower Speelyai Creek had the highest density of large wood, with 108 pieces/mile; upper
Speelyai had 77 pieces/mile. The Lewis River bypass reach had an average of 21
pieces/mile, with most of the wood in the lower end of the reach downstream from Ole
Creek. The Lewis River downstream of Merwin Dam had 15 pieces/mile. Rating of
large woody debris in the rest of the watershed was considered “poor” in the WRIA 27
limiting factors report (Wade 2000). The lack of wood downstream of Merwin Dam is
the result of cumulative effects of project and non-project actions: removal of wood from
the channel long before the projects were constructed, the lack of input from upstream
sources (project effect), and low recruitment of large wood from within the reach due to
previous harvest of the riparian areas, and the more stable channel and peak flow regime
(project effect).

Past harvest of riparian areas, removal of large wood from streams, and road building
along some streams have resulted in relatively little instream wood in most of the
watershed. Current harvest practices and an awareness of the importance of mature
riparian stands as the source of large wood in rivers will result in gradually improving
conditions over the long term as riparian stands age. The eruption of Mount St. Helens
resulted in the input of wood to several streams in the upper watershed. This wood was
caught in Swift Reservoir and removed from the river system. Continued capture of large
woody debris by the Lewis River dams will result in no large wood transport into the
lower Lewis River from upstream sources, except under extremely high flow conditions
such as the flood of 1996, when the gates are fully opened and wood can pass through. The
small to moderate size of trees in current lower river riparian stands and limited lateral
migration of the river restricts the potential for recruitment of woody debris large enough to
be stable or function in log jams in the lower river. The decreased input and transport of
large woody debris through the Lewis River system also results in a decreased supply of
large wood to the Columbia River and Pacific Ocean.

Riparian Habitat

In the most general terms, riparian ecosystems are defined as ecotones between aquatic
and upland ecosystems (Mitsch and Gosselink 1986). Riparian habitat starts at the
ordinary high water line of a stream or river and includes that portion of the adjacent
terrestrial landscape that influences the aquatic habitat by providing shade, nutrients,
woody material, insects, or habitat for riparian-associated species (Knutson and Naef
1997). Riparian habitat also encompasses floodplains because these areas influence and
are influenced by high water events. Riparian areas can include wetlands as well as
upland plant communities that directly influence streams. Riparian habitat provides a
number of important contributions to both aquatic and terrestrial ecosystems and is
designated by the WDFW as a priority habitat in Washington.
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Historical Riparian Conditions — Riparian habitats are created and maintained by changes
in flow and associated disturbances (Poff et al. 1997; Hall 1988). Prior to the influence
of cultural systems in the Lewis River watershed, the majority of riparian stands along
river reaches with comparatively stable channel structure were dominated by coniferous
or mixed coniferous/deciduous stands. Riparian areas that are frequently disrupted by
high flows or channel shifting along streams with high sediment loads do not support
conifer species and are dominated by alder (Diaz and Mellen 1996). Disturbed sites and
newly developed stream bars are usually quickly colonized by red alder, a pioneer species
that can survive periods of low-intensity inundation (Agee 1988). These types of riparian
communities were, and still are, found along stream reaches with a large influence of
glacial flow, such as streams draining glaciers on Mount Adams and Mount St. Helens,
and reaches that experienced mudflows from the recent eruption of Mount St. Helens.

Current Riparian Conditions — Expansion of timber harvest, agriculture, and communities
into the lower Lewis River began in the mid-1800s and progressively moved into the
upper watershed. Timber harvest practices in the past resulted in removal of riparian
vegetation, and often disturbance of aquatic ecosystems as logs were skidded across or
along stream channels, or splash dams were constructed and channels were used to
transport logs downstream. Changes to timber harvest regulations in the past few
decades are aimed at minimizing disturbance to riparian areas and aquatic ecosystems.
However, after a century of timber harvest activities, many of the riparian communities in
the basin have been disturbed at least once by harvest and are in the process of re-growth
and recovery.

Operation of the Lewis River projects has altered the flow and sediment supply regimes
of downstream reaches, which has affected riparian communities to some extent as
described in the following paragraphs.

Lewis River Bypass Reach — Spills through the Lewis River bypass reach have
contributed to a riparian community along the active channel that is and will likely
always be dominated by red alder. In fact, deciduous forests consisting mostly of alder
currently represent 67 percent of the riparian vegetation in the reach, with mixed conifer-
deciduous stands representing only 14 percent. The few stands of mixed riparian conifer-
deciduous or upland conifer that occur near the active channel are found above steep
banks in areas where the bypass reach is confined and have probably not been flooded
since the dam was constructed.

Another result of high flow events is that scoured areas, particularly those at higher
elevations outside the active channel, are susceptible to colonization by weedy, invasive
species. There are a number of sites in the bypass reach that currently support
monocultures of Scot’s broom, an introduced species that can quickly establish on dry
sunny sites. In addition, deciduous shrub cover in many of the alder-dominated forest
stands consists primarily of Himalayan blackberry, another introduced species that
invades moist, disturbed substrates. Shrub cover is relatively low and native hydrophytic
shrub species are almost completely lacking. Reduced flows in the Lewis River bypass
reach likely have also affected riparian vegetation by changing the groundwater table.
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Lewis River Downstream of Merwin Dam — Riparian habitat in the Lewis River
downstream from Merwin Dam has been affected by many activities, so the specific
effects of project operations are difficult to determine separately. The projects have
decreased the sediment load, decreased the magnitude of peak flow events, and decreased
the supply of large woody debris from upstream areas. Timber harvest, farming, and
urbanization along the lower river have also affected riparian communities. A study of
1939 through 2001 aerial photographs along the lower river shows several trends:

o Riparian vegetation increased by about 306 acres between 1939 and 2001, with the
greatest change seen in the riparian deciduous forest types, which gained 279 acres
(113 ha) in this period. While some of this acreage increase may have resulted from
the succession of riparian grassland and shrub types to forest, it is apparent from the
photographs that a large amount of this area had been logged and was being farmed in
1939.

e Between 1939 and 2001, riverine unconsolidated shore decreased from 186 to 7 acres
(75 to 2.8 ha), a loss of 179 acres (72 ha). A large amount of this area now supports
riparian shrubs, which increased by 153 acres (62 ha) in this period.

e In 1939, the main channel of the river was on the north side of Eagle Island; in 2001
the main channel is on the south side. In 1939, much of the south side of the island
was occupied by a large, unvegetated gravel bar. By 1963 there was a gravel mining
operation on the island. Currently, most of this area is covered by riparian mixed
conifer-deciduous forest stands. The old channel between the north and south half of
the island had filled in by 1974 and by 2001 was barely discernable through a dense
stand of riparian forest.

o Conifer forests declined substantially (79 percent) along the Lewis River between
1939 and 1963, primarily due to logging and conversion to agriculture. Between
1963 and 2001, the area of conifer increased, as some stands replanted with conifers
grew to pole size. Other regenerating areas supported mixed or deciduous stands in
2001.

o Like many other rural areas in western Washington, the amount of land in agriculture
decreased along the Lewis River. In 1939, 45 percent of the land within the 240-foot
contour along the both sides of the river was farmed, with another 5 percent in
pasture. By 2001, only 22 percent of the land in this area was classified as agriculture;
9 percent is now pasture. Much of the agricultural land has reconverted to forest and
now supports deciduous and mixed conifer-deciduous stands.

e As expected, development between the dam and Eagle Island increased between 1939
and 1963, although not substantially. Developed and residential lands in 1939
represented less than 1 percent of the land along the lower river, and there was very
little change over the next 24 years. By 2001, however, the combined acreage of
developed, recreational, and residential had increased to 6 percent of the land in the
reach, with 2 percent represented by the Lewis River Golf Course. Most of this
development is concentrated in the 2 miles or so upstream of Eagle Island.
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The pre-cultural riparian communities along rivers in the Lewis River watershed
contributed to aquatic habitat values by providing shade to reduce stream temperatures, a
source for large woody debris and smaller wood/litter material, and bank stabilization.
Harvest and disturbance of riparian areas throughout the watershed has reduced the
ability of riparian vegetation to provide these functions, but recent regulations are aimed
at improving riparian communities over time.

Water Temperature

Water temperature is a critical component of aquatic habitat and a major factor
influencing the composition and productivity of aquatic ecosystems. In undisturbed
rivers and streams, “normal” water temperatures vary daily, seasonally, annually, and
spatially. For salmonids, these variations influence the timing of migration, spawning,
incubation rate, growth, distribution, resistance to parasites, food supply, and tolerances
to diseases and pollutants (Bjornn and Reiser 1991). Although not fully understood,
changes in water temperature, outside of the normal natural range, can alter the
development, growth, and timing of locally adapted life history events (Murphy 1995).

Generally, water temperatures ranging from 3 to 16°C are considered suitable for both
resident and anadromous salmonids (Table 4.18-5). Most salmonids are placed in life-
threatening conditions when temperatures exceed 23 to 25°C, and they usually try to
avoid such temperatures by moving to other areas (Bjornn and Reiser 1991). While the
temperatures shown in Table 4.18-5 are the generalized preferred range, the life histories
of native populations of salmonids are adapted to the natural temperature regimes in their
specific watershed.

Table 4.18-5. Preferred temperature ranges, and upper lethal temperature ranges for various life
stages of resident and anadromous salmonids found in the Lewis River basin.

Preferred Temperature Range (°C) Upper
Lethal
Upstream Freshwater Temperature
Species Migration Spawning Incubation Rearing °O)
Fall Chinook 10.6-19.4 5.6-13.9 5.0-14.4 12-14 26.2
Spring Chinook 3.3-13.3 5.6-13.9 5.0-14.4 12-14 26.2
Coho 7.2-15.6 4.4-94 4.4-133 12-14 26.0
Steelhead 3.9-94 10-13 23.9
Bull Trout 10-12 5-6 8-14
Kokanee 5.0-12.8
Cutthroat Trout 6.1-17.2 12.0-15.0 22.8
Rainbow Trout 2.2-20.0 10-22.0 29.4

Source: Bjornn and Reiser 1991, Goetz 1989, BioAnalysts, Inc. 1998.

Historical Water Temperature — Prior to the completion of Merwin Dam in 1932, water

temperatures in the Lewis River basin were unaffected by large impoundments or water
diversions. Water flowed unobstructed from the Lewis River headwaters near Mount St.
Helens to the Columbia River. The thermal regimes in tributaries differed widely with
location, elevation, and input from rainfall, snowmelt, and spring flow. Data describing
pre-project (pre-1932) Lewis River water temperature regime are not available.
According to Smith (circa 1943), “the permit for the dam was issued on June 25, 1929, so
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there was not time for experimental work with fish, and there was no preliminary
investigation comparable to the fine surveys made incidental to the construction of Grand
Coulee Dam and Shasta Dam.” While there are no quantitative data describing
temperature conditions prior to dam construction, this same report states that one of the
“striking effects” that Merwin Dam had on temperatures of the lower river has been that:

The maximum and minimum temperatures are much lower below the lake
than above throughout the greater portion of the summer. The summer
condition is reversed in the cooler fall weather and the river waters below
the lake are warmer than those above.

Between September 1937 and July 1939, 5 to 7 years after the completion of Merwin
Dam, water temperatures were recorded periodically at the Lewis River gaging station
above Cougar and in the Lewis River below Merwin Dam (Lewis River Hatchery)
(Figure 4.18-8) (Smith circa 1943). Water temperatures recorded during this period
ranged from 2.5 to 14.5°C. While these water temperature data are not pre-project, and
reflect the influence of Lake Merwin and possibly the influence of logging, they are the
earliest available water temperature data for the mainstem Lewis River.

‘ ¢ Lewis River Above Lake Merwin (Cougar) M Lewis River Below Merwin Dam ‘
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Figure 4.18-8. Water temperatures recorded above Lake Merwin (Cougar) and
below Merwin Dam (September 1937 through July 1939).

The water temperature data collected in 1937, 1938, and 1939 were collected randomly,
and very few measurements were taken during the warmer periods of the year (July and
August). Because of this, it is difficult to compare these “historical” water temperatures
to current conditions in the lower river.

Current Water Temperature — The completion of Merwin, Yale and Swift dams converted
approximately 39 miles of free flowing mainstem riverine habitat into relatively slow
moving reservoir habitat, altering the natural thermal regime downstream of the dams.
Concurrently, basin wide stream canopy removal associated with extensive timber
harvest and other land use activities (i.e. agricultural and urban development) reduced
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tributary stream shading and contributed to an overall increase in solar heating. While a
lack of historical data makes it difficult to quantify these effects, a substantial amount of
“current” water temperature data has been collected in the Lewis River basin (PacifiCorp
and Cowlitz PUD 2002, Wade 2000, USFS 1996). Typically, these data were collected
in a regulatory context and compared against Washington Department of Ecology
(WDOE) criteria for Class AA (temperatures must not exceed 16°C) and Class A
(temperatures must not exceed 18°C) streams. WDOE has defined classes of water
quality, ranging from Class AA (extraordinary) to Class C (fair). All mainstem Lewis
River reaches within the project area (downstream of the boundary of the Gifford Pinchot
National Forest) are designated Class A; however, most tributary streams to the project
reservoirs are designated Class AA. These criteria are designed to protect “beneficial
uses” including salmonid and other fish migration, rearing, spawning, and harvesting.

As part of relicensing, PacifiCorp and Cowlitz PUD monitored water temperatures at 14
stream locations in the Lewis River basin. Hourly water temperatures were recorded
from May 1999 through April 2000 at the inflow to Swift Reservoir, the upstream and
downstream ends of the Lewis River bypass reach, in all 4 project tailraces (Swift No. 1,
Swift No. 2, Yale, and Merwin), in the Lewis River below Merwin Dam, and in Pine,
Drift, Swift, Canyon, Speelyai, and Ole creeks (Table 4.18-6) (PacifiCorp and Cowlitz
PUD 2002). Exceedences of the standard are depicted in bold type.

Table 4.18-6. Maximum of daily maximum, minimum of daily minimum, and 7-day running mean of
daily maximum water temperatures by site.

Min. Temp. Max. Temp. Number of Days > Max. 7-Day Mean

Site (°O) (°O) WDOE Criteria Max (°C)

Class AA (16°C maximum)
Pine Creek near mouth 5.3 14.3 0 13.7
(RM 0.1)
Drift Creek near 7.6 16.3 1 15.8
mouth (RM 1.5)
Swift Creek near 4.6 10.5 0 10.2
mouth (RM 2.0)
Canyon Creek near 39 19.5 43 18.8
mouth (RM 1.0)
Upper Speelyai Creek 0.3 18.7 35 18.2
(RM4.3)
Lower Speelyai Creek 6.2 14.3 0 13.6
near hatchery (RM 2.0)
Lewis River inflow to 23 15.1 0 14.6

Swift Reservoir
Class A (18°C maximum)

Ole Creek near mouth 4.0 16.6 0 16.1
(RM 0.5)
Swift No. 1 tailrace 43 13.9 0 13.3
Lower Lewis River 43 18.2 1 17.5
bypass reach
Swift No. 2 tailrace 4.1 15.4 0 13.9
Lewis River near Yale 4.5 17.0 0 15.3
Powerhouse tailrace
Lewis River near 53 15.5 0 15.5
Merwin Powerhouse
tailrace
Lewis River near 94 16.3 0 15.7
Eagle Island
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Water temperatures in project area Class AA and Class A tributaries and stream reaches
during this period ranged from 0.3°C in upper Speelyai Creek to 19.5°C in lower Canyon
Creek. Maximum water temperatures were recorded at most sites in August. Minimum
water temperatures were typically recorded in January and February.

Exceedences of the Class AA criteria (16°C) were observed at the mouths of Drift Creek
and Canyon Creek, and in Speelyai Creek above the diversion. A single measurement of
16.3°C recorded on August 4, 1999 was the only value recorded in Drift Creek that was
greater than the 16.0°C criterion. In contrast, temperatures greater than 16.0°C persisted
during much of July and August 1999 in both Canyon Creek and upper Speelyai Creek
(PacifiCorp and Cowlitz PUD 2002). Maximum temperatures of about 19°C were
recorded in both creeks, and each creek’s maximum 7-day mean maximum temperature
was greater than 18.0°C. The only exceedence of the 18.0°C Class A criterion was a
value of 18.2°C recorded at the lower end of the Lewis River bypass reach on August 4,
1999.

Comparison of Lewis River temperatures downstream of Lake Merwin to the Swift
Reservoir inflow reveals that the river was generally warmer below Lake Merwin than
above Swift Reservoir. Water temperatures recorded at the inflow to Swift Reservoir
ranged from 2.3°C to 15.1°C and water temperatures near the Merwin powerhouse
tailrace ranged from 5.3°C to 15.5°C (Table 4.18-6). The largest differences in daily
mean temperatures occurred in September through December, when Merwin tailrace
temperatures were generally between 4 and 10°C warmer than the inflow to Swift
Reservoir. From January through August, Merwin tailrace temperatures were within 4°C
of the inflow to Swift Reservoir (Figure 4.18-9) (PacifiCorp and Cowlitz PUD 2002).
According to PacifiCorp and Cowlitz PUD (2002), much of the difference in temperature
is due to differences that occur between the inflow and outflow of Swift Reservoir itself.
Swift outflow temperatures exceeded inflow temperatures by approximately 6°C in
November.

A similar change in the seasonal temperature pattern was observed in the Rogue River,
Oregon following construction of Lost Creek Dam. Stream temperatures below the dam
in November and December exceeded natural temperature by an estimated 1.4 to 1.7°C.
The increased temperature caused spring chinook fry immediately below the dam to
emerge from the gravel 52 days earlier than the pre-dam emergence. The negative effect
of early emergence was somewhat offset by the beneficial effect of reduced peak flows.
The net effect was slightly negative (Cramer et al. 1985).

In addition to the water temperature data collected during the relicensing of the Lewis
River projects, recent data have also been collected in Cedar Creek, North Fork
Chelatchie Creek, the East Fork Lewis River, Siouxon Creek, and Cougar Creek (Wade
2000, PacifiCorp 1999b, USFS 1996). Water temperature information is generally
lacking for other tributaries within the lower North Fork Lewis River basin.
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Figure 4.18-9. Comparison of daily mean temperatures in the Lewis River below

the Merwin Dam (Merwin Powerhouse tailrace) and above Swift Reservoir (Swift
inflow).

According to Wade (2000), Cedar Creek has some problems with high water
temperatures during the summer months. Both at Amboy and at the mouth, water
temperatures often exceed 16°C during July and August, and sometimes reach near lethal
temperatures for salmonids (23 to 25°C). Water temperatures in the North Fork
Chelatchie Creek are generally “good,” even during the summer months. Various land
use activities may be affecting water temperature within the Cedar Creek basin, including
agriculture and grazing, water withdrawals, surface runoff, and riparian impacts from
residential development and forestry operations, and the construction of illegal dams and
diversions on tributaries to Cedar Creek (Wade 2000).

High water temperatures during the summer months are one of the most important water
quality issues on the lower East Fork Lewis River (Wade 2000). In 1996 and 1998, the
East Fork, from the mouth to Mouton Falls (RM 24.6), was listed under Section 303(d) of
the Clean Water Act as an impaired water body due to water quality exceedances for
temperature and other parameters (WDOE 1996, WDOE 1998). For Washington State
Class A waters, like the East Fork, the temperature standard is 18°C, a level commonly
exceeded in the East Fork during the summer (Wade 2000). In the upper East Fork

Lewis River, Forest Service surveys show that maximum daily water temperatures in the
East Fork near Sunset Falls exceeded 16°C on more than 40 days between June and
September in 1997 and 1998 (USFS 1999a).

Water temperatures in Siouxon Creek also exceed the WDOE standards (USFS 1996,
PacifiCorp 1999b). In 1996, the Siouxon Creek 7-day average maximum temperature
was 19.9°C and in 1997, it was 18.7°C (PacifiCorp 1999b). High temperatures in
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Siouxon Creek, below the mouth of North Fork Siouxon Creek, were determined to be
caused by “insufficient streamside shade protection” left after logging (USFS 1996).

From May 1996 through February 1998, monthly median water temperatures in Cougar
Creek varied little (5.3 to 7.5°C) and were well within WDOE standards.

According to USFS (1995), stream temperatures above 16°C have also been measured in
Pine Creek. The causes of these elevated stream temperatures are not well understood. It
is suspected that channel widening from high levels of timber harvest, and the 1980
mudflows and loss of riparian vegetation from the Mount St. Helens eruption, have all
contributed to elevated stream temperatures in Pine Creek.

In an effort to assist PacifiCorp and Cowlitz PUD in their relicensing effort, USFS
fishery personnel conducted a “file search” to identify and summarize available aquatic
habitat and fishery data for streams in the Lewis River basin above Merwin Dam. The
data in these files, including water temperature data, were collected during stream
surveys conducted between 1983 and 1998 (USFS 2002a). Water temperature data
collection in these streams typically began in late May to early June and continued
through late September to early October. “Mean” water temperature data for the
surveyed streams are shown in Figure 4.18-10.
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Figure 4.18-10. Water temperature data for tributaries of the Lewis River between
Lower Falls and Swift Reservoir, Drift and Siouxon creeks.

More recent USFS water quality monitoring data (USFS 1997, USFS 1998b, USFS
1999b, USFS 2000, USFS 2001 and USFS 2002b) show that water temperatures in the
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upper mainstem Lewis River, Quartz Creek, Clearwater Creek, Muddy River, Clear
Creek, Siouxon Creek, Canyon Creek, and East Fork Lewis River regularly exceed 16°C.
Water temperatures above 20°C have been recorded in the Muddy River, Clear Creek,
Clearwater Creek, East Fork Lewis River, and Siouxon Creek.

Due to the diversion of water from upper Speelyai Creek into Yale Lake, water
temperature in the lower portion of Speelyai Creek is up to 5°C cooler than that observed
upstream of the upper diversion. Changes in generation at the Yale powerhouse can also
cause fluctuations in water temperature in the upper portion of Lake Merwin (surface
water temperature can fluctuate as much as 10°C).

Nutrients

Pacific salmon play an important role in regulating aquatic-riparian food web
productivity via the energy and nutrients they provide after migrating to fresh water to
spawn and die (Wipfli et al. 1998, NRC 1996, Kline et al. 1990, Bilby et al. 1996). Such
nutrient input to streams is a fundamental aspect of salmonid ecology and is important to
the productivity of waters in which salmon spawn. Reduced inputs of marine-derived
nutrients (MDN) can depress stream ecosystem productivity and lead to decreased
juvenile salmonid size, reduced over winter and marine survival, and declines of
returning adults.

Nitrogen limitation is not uncommon in Pacific Northwest streams (Lauer et al. 1979,
Salminen and Beschta 1991), and nitrogen-to-phosphorous (N:P) ratios for sites
monitored during relicensing strongly suggest a nitrogen limitation in the tributaries to
Swift Reservoir (PacifiCorp and Cowlitz PUD 2002). The current lack of fish passage
facilities prevents transfer of MDN upstream of Lake Merwin. In addition, there is no
ongoing program of salmon carcass placement in project tributaries.

The lack of MDN from salmon carcasses for more than 70 years is thought to contribute
to the current nitrogen limitation in the upper Lewis River. Decaying salmon provide a
mechanism for transporting nutrients from the fertile Pacific Ocean to relatively nutrient
poor freshwater streams and adjacent terrestrial communities (Kline et al. 1990; Bilby et
al. 1996). Helfield and Naiman (2001) present data from Alaska that strongly suggests
that MDN creates significantly higher growth rates in trees near spawning streams, thus
improving spawning and rearing habitat for subsequent generations. Growth of Sitka
spruce (mean annual basal area growth) at spawning sites was 3 times higher than at non-
spawning sites, and trees at spawning sites reach a diameter at breast height (dbh) of 50
cm at approximately 86 years, versus 307 years at non-spawning sites (Helfield and
Naiman 2001). Similar to riparian vegetation, increased productivity has been observed
in stream macroinvertebrates and in terrestrial invertebrates in carcass-enriched streams
vs. sites upstream of spawning salmon (Wipfli et al. 1998; Hocking and Reimchen 2002).
The effect of MDN as a “nutrient subsidy” would be expected to be no less important and
likely of greater importance in the Lewis River watershed, where geochemical influences
already act to reduce N:P ratios.

06/24/03 2002 Technical Report - Page AQU 18 Appendix G-49

\\Neoserver\disk1\Projects\Lewis River\Final Tech Reports 04-04\04.0 AQU\AQU 18_Appendix G (concept found).doc



PacifiCorp / Cowlitz PUD
Lewis River Hydroelectric Projects
FERC Project Nos. 935, 2071, 2111, 2213

Aquatic Habitat Connectivity

For migratory species of fish, successful completion of their life cycle depends on access
to required habitats and safe, effective passage between these habitats. Connectivity
between fish spawning, rearing, and overwintering habitats is critical to the survival and
persistence of robust populations (Bjornn and Reiser 1991). Non-natural physical
barriers (such as improperly designed culverts) impede passage and reduce connectivity
by fragmenting habitat. Larger structures, such as dams, constrain or eliminate passage
and may entrain or impinge fish within intake structures or spillways (WDFW et al.
2002). Loss of habitat connectivity need not be associated with physical structures such
as dams or culverts. High water temperatures can effectively block movement and
fragment habitat (Lichatowich and Mobrand 1995).

Historical Connectivity — Prior to the advent of hydroelectric development, resident and
anadromous salmonids and other migratory fish (i.e. Pacific lamprey and sturgeon) had
unhampered access to abundant high quality spawning and rearing habitat in the upper
Lewis River and its tributaries. Smith (circa 1943) noted that chum salmon formerly
ascended the Lewis River to the mouth of Speelyai Creek, about 8 miles above the site of
Merwin Dam. “Spawning occurred in the main river below that point and in several
sloughs that were flooded by Lake Merwin.” The rising water of Lake Merwin
completely eliminated the chum salmon spawning grounds above the dam. “Coho
salmon spawned in almost every tributary of the Lewis River.” “They were by far the
most widely distributed of the 3 species of salmon normally spawning in the Lewis River
system.” “Beautiful mountain streams like the Clearwater and Clear Creek whose
junction with the Muddy River, a large tributary of the upper Lewis River, are important
silver spawning streams.” “Lewis River spring chinook, under natural conditions, was a
fish of the headwater streams.” “The tributaries of the Muddy and mainstem Lewis River
in its upper reaches were the natural spawning grounds of this fish.” No spring chinook
were reported by Smith to spawn in the streams below the Merwin Dam site. Fall
chinook were said to have spawned only a little way above where Merwin Dam is
located. “The upper spawning areas of this race of chinook salmon in the main river
have, therefore, been flooded by Lake Merwin.” Fall chinook were also reported to enter
Cedar Creek, Johnson, and Colvin creeks. Little information is available describing
steelhead distribution in the basin prior to the completion of Merwin Dam; however,
Smith (circa 1943) noted, “many tributaries of the Lewis River had steelhead entering
them to spawn.”

Although access to historical habitat was largely unencumbered by man-made blockages,
a “fish rack” was operated on Cedar Creek for several years prior to the completion of
Merwin Dam. Eggs from the fish collected in Cedar Creek were transferred to salmon
and steelhead hatcheries in the region. It is unclear how the operation of this fish rack
affected salmon and steelhead runs in Cedar Creek.

Current Connectivity — When Merwin Dam was completed in 1932, “natural” resident
and anadromous fish passage into the upper Lewis River basin was blocked at RM 19.4.
To mitigate for this loss of historical habitat, PacifiCorp and the WDF (now WDFW)
constructed the Lewis River Hatchery and the Merwin Dam anadromous fish collection
facility (a trap and haul facility located at the base of the dam) (Hamilton et al. 1970).
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The fish collection facility became fully operational in 1932, and for 25 years adult
anadromous fish collected at the base of Merwin Dam were counted, and either used for
hatchery broodstock or transported upstream by truck to spawn naturally in the watershed
above Merwin Dam. The unscreened spillways and turbine outlets at Merwin Dam and
eventually Yale Dam (completed in 1953) provided the only means of downstream
passage for outmigrants (Hamilton et al. 1970, Smoker et al. 1951, Chambers 1957).
Fish ladders were not constructed over Merwin Dam because PacifiCorp and the
Washington State Fisheries and Game Commission (now WDFW) considered them to be
“impracticable from the standpoint of properly preserving fish life”” (Inland Power and
Light Company 1932). The perception was that a conventional fish passage facility could
not be designed to accommodate the height of Merwin Dam (PacifiCorp and Cowlitz
PUD 2000).

Because of declining run sizes (Section 4.18.5.4), the transportation of chinook into the
upper Lewis River watershed was discontinued in 1953; from that point on, all captured
chinook were held to provide eggs for the Lewis River Hatchery. The transportation of
coho into the upper watershed was discontinued in 1957 (Hamilton et al. 1970).

In addition to the habitat blockages created by the Lewis River dams, adult salmon and
steelhead “rack traps” were operated on Cedar, Johnson and Colvin creeks. These traps
were used to collect broodstock for Lewis River Hatchery. Colvin and Johnson creeks
were also impounded with small impassable dams to create holding ponds for the Lewis
River Hatchery. Although rack traps are no longer operated in these streams, the small
dam in Colvin Creek continues to block fish migration.

Two diversion dams are currently located on Speelyai Creek. The upper diversion (RM
4.3) was originally built with a dual purpose: 1) to divert upper Speelyai Creek into Yale
Lake for power generation; and 2) to divert upper Speelyai Creek away from the lower,
spring-fed section to improve the quality of the hatchery water supply. The lower
diversion, located approximately 200 feet upstream of Lake Merwin, controls the
diversion of water into the hatchery. It includes a rotating drum screen to exclude debris
and fish from the intake. Both the upper and lower diversions are total barriers to fish
migration; however, fish do have access to upper Speelyai Creek via the canal from Yale
Lake. Between 1979 and the present, the upper diversion on Speelyai Creek was only
opened on 3 occasions to allow water to flow into lower Speelyai Creek. It is normally
closed due to fish health concerns. The Speelyai Hatchery intake water is virtually free
of any fish pathogens since very few fish species are present in Speelyai Creek between the
2 diversion structures. This provides a disease-free rearing environment at the hatchery,
which is important to the hatchery managers. The upper diversion structure was damaged
during the 1996 flood, and the stream channel moved northeast and away from the
diversion structure. As a result, water cannot be diverted into lower Speelyai Creek
under current conditions. It should be noted that prior to the completion of Merwin Dam,
a natural anadromous fish migration barrier existed at the mouth of Speelyai Creek
(Hamilton 1974).

As mentioned previously, none of the dams on the Lewis River are equipped with

downstream fish passage facilities. As a result, downstream migrating fish are subject to
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both spillway and intake entrainment, both of which have the potential to injure or kill
migrating fish.

Several studies have evaluated entrainment at the Lewis River projects. At Merwin Dam,
Schoeneman et al. (1954) estimated coho survival through the spillway to be 54 percent
(£ 7 percent). Hamilton et al. (1970) estimated that approximately 65 percent of the
kokanee and coho exiting Merwin through the turbines survived. Hydroacoustic studies
conducted during the Yale relicensing effort showed that approximately 780 fish per day
(with an estimated mean length of 130 mm) were entrained at Yale Dam (PacifiCorp
1999b). Although the species composition of these fish (acoustic targets) could not be
identified from the hydroacoustic data set, attempts to identify species of entrained fish
through reservoir trawls yielded samples that were dominated by threespine stickleback
and sculpin that were less than 50 mm in length. As a result, it is likely that the majority
of the fish entrained during the study were these species. Between February 1, 2002 and
November 30, 2002, a total of 1,527 fish representing 10 different species were collected
during screw trap sampling in the Swift No. 1 tailrace (PacifiCorp and Cowlitz PUD:
AQU 6, in press). Stickleback was the most common species captured during the study,
representing over 65 percent of all fish captured, followed by rainbow trout (16.0
percent), sculpin (9.2 percent), coho (4.5 percent), sucker (3.0 percent), chinook (1.0
percent), steelhead (0.3 percent), bull trout (0.3 percent), cutthroat trout (0.1 percent), and
whitefish (0.1 percent). Of the 340 salmonids captured during sampling, rainbow trout
was the most common salmonid species caught, accounting for 72.1 percent of all
trapped salmonids.

Following the catastrophic failure of the Swift canal on April 21, 2002, biologists from
the USFWS, WDFW, Cowlitz PUD, and PacifiCorp conduced several fish salvage
operations to rescue fish that were trapped in isolated pools located in the dewatered
canal. A total of 10 canal salvage operations were conducted from late April through
mid-June. All live fish collected were transported out of the canal and released into
either Yale Lake or Swift Reservoir. The number and relative abundance of each species
salvaged from the canal in 2002 is presented in Table 4.18-7.

Roads have also been identified as an important factor contributing to habitat
fragmentation and the decline of fish populations. Culverts can interfere with, or block,
fish migration and alter the movement of both large woody debris and sediment (Murphy
1995). As discussed in Section 4.18.5.2, road densities in the Lewis River basin are
relatively high, approaching 4 miles of road per square mile. According to the USFS
(1996), road densities that exceed 3 miles per square mile are viewed as “red flags” and
indicate where road-related problems are likely t