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Executive Summary

Steamboat Creek lies within the Umpqua National Forest and is a major tributary to the
North Fork Umpqua River, Oregon. The stream supports runs of summer and winter
steelhead and spring Chinook salmon. Steamboat Falls is located on Steamboat Creek,
approximately 6 miles upstream from its confluence with the Umpqua River. The drop
across the falls is between 20 and 25 feet. In 1958 the Oregon State Game Commission
(later renamed the Oregon Department of Fish and Wildlife, ODFW) constructed a fishway
facility along the south bank of Steamboat Falls to improve fish passage.

The fishway is prone to plugging with sediment and small debris on an annual basis and is
frequently plugged by early winter. This shuts off nearly all the flow to the fishway,
impeding fish passage over the falls. The fishway is typically unplugged by staff from
ODFW and volunteers in late June or early July, when flows have receded to safe levels for
persons to enter the fishway enclosure. The fishway is often plugged during periods when
winter steelhead, and possibly summer steelhead that hold in downstream pools during the
previous summer, attempt to pass over Steamboat Falls to reach spawning grounds in the
upper watershed. Additionally, large numbers of summer steelhead typically arrive at the
base of the falls in May and June, and must hold there until the fishway is unplugged.

This report is part of a three-phase project to improve upstream passage conditions over the
falls throughout the upstream migration season for summer and winter steelhead trout and
spring Chinook salmon. This report provides and assessment of current fish passage
conditions within the existing structure, describes three alternatives for improving fish
passage, and provides a comparative evaluation of the alternatives with respect to costs, risks
and benefits.

Assuming adult salmon and steelhead are migrating nearly year-round in Steamboat Creek,
low and high fish passage flows, as prescribed by ODFW, would range from 24 cfs to 1,684
cfs. This is an extremely wide range of flows for a fish passage facility to operate. Neither
the existing fishway nor any of the developed alternatives will be operational across this
entire flow range.

The fish migration period at Steamboat Falls is relatively continuous, but can also be divided
into two distinct periods. From May through July migration is predominately summer
steelhead that over-summer upstream of the falls and spring Chinook. From December
through April the migrating fish are summer steelhead that over-summer downstream of the
falls and winter steelhead. The lowest flows that occur at the falls from December through
April are about 100 cfs during dry years, 300 cfs during average years, and 400 cfs during wet

years.

Flows in June, a critical migration period for summer steelhead, are typically between 70 cfs
(90 percent exceedance flow) and 300 cfs (10 percent exceedance flow), depending on both
the time of month and the amount of late spring rainfall and snowpack left in the upper
basin. Therefore, providing passage at streamflows from 70 cfs to 300 cfs is the focus of
this project.
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Three alternatives were developed and evaluated to improve fish passage at Steamboat Falls.
Alternative A involves modifications to the existing fishway to improve its performance.
Alternative B involves construction of a new bedrock fishway with bedrock pools and
chutes, located along the north side of the falls. Alterative C also involves construction of a
new bedrock fishway along the north side of the falls, but would have concrete weirs
between pools. Alternative B or Alternative C could be selected as a preferred alternative in
conjunction with selection of one of the Alternative A levels of modification. This would
provide redundancy and increase the range of streamflows that fish passage is provided. It
would also provide an opportunity to abandon the concrete fishway in the future if the
bedrock pools provide adequate fish passage.

Existing Conditions

An evaluation of existing fishway performance found that the existing concrete fishway is
out of current ODFW and NMFS NW fish passage criteria at all streamflows evaluated,
from 21 to over 200 cfs. Atlower flows, the water depths within the fishway pools are too
shallow. At all fishway flows the Energy Dissipation Factor (EDF), a measure of turbulence
in the pools, is extremely high. Additionally, the fishway regularly clogs with sediment in the
fall or winter and becomes inoperable until it is cleaned out in the late spring or eatly
summer. As a result, summer and winter steelhead running upstream to spawn are regularly
unable to pass over the falls from December until the end of June. This likely severely
reduces the number of spawning fish in the tributaries of Steamboat Creek upstream of the
falls, especially when high flow events in late fall cause the fishway to become blocked.

Alternative A

Modifications in Alternative A were divided into three levels. Level 1 focuses on improved
sediment routing through the fishway and improved fish passage hydraulics. Level 2 aims at
reducing the amount of sediment entering the fishway. Level 3 increases fish attraction to
the fishway entrance by re-establishing the auxiliary water system (AWS). Not all levels must
be implemented. However, Level 2 modifications assume Level 1 is also implemented, and
Level 3 assumes both Level 1 and Level 2 are also implemented.

With any level of modification, a structural inspection of the fishway should be done as part
of final design, and repairs to spalled or scoured concrete should be done during
construction.

Level 1

Level 1 modifications are relatively minor but provide considerable improvement to the
fishway hydraulics and fish attraction at the entrance. Level 1 includes modifications to the
existing weirs and slots within the fishway, modifications to the exit channel, and
construction of a training wall and rooftop curb. The weir modifications in Level 1 are
intended to maintain sediment transport throughout the fishway exit channel and to keep the
fishway operational even with sedimentation. A sill installed at the bottom of the slot in
each weir will increase pool depth and reduce turbulence. Raising the entrance weir will
produce a water surface drop at the downstream end of the fishway, creating an attraction
jet. The training wall and rooftop curb will prevent water from flowing onto the roof until
streamflows are above 400 cfs. This will allow maintenance access inside of the fishway
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during winter baseflow conditions and eatlier in the spring to clean out sediment and debris.

The Level 1 modifications also prevent distracting flows from plunging off the roof and into
the fishway entrance until streamflows reach 400 cfs. Currently this occurs at streamflows of
about 140 cfs.

Level 2

Level 2 modifications include reconstruction of the spillway crest, installation of an
adjustable gate on the spillway, increasing the height of the exit port openings and installing
adjustable gates on the ports. Lowering of the spillway gate and raising of the exit ports
during winter will decrease the amount of sediment entrained into the fishway, helping to
reduce sedimentation problems. Raising the spillway gate during the lower flows in summer
will maintain the headwater pool level and flow into the fishway. The use of the gates at the
exit and spillway will also increase the range of fish passage streamflows during the winter
from 400 cfs with Level 1 to about 600 cfs with Level 2. However, at these higher flows, the
fishway conveys less than 10 percent of the streamflow, which is the recommended
minimum for fish attraction. The low percentage of attraction flow and the high degree of
turbulence in the pool below the falls may make it difficult for fish to locate the fishway at
these increased operational flows.

Level 3

Level 3 modifications involve reestablishing the auxiliary water systems (AWS) in an attempt
to remedy the problem of fish attraction at the higher operational flows, between about 400
and 600 cfs. The AWS will provide an additional 12 cfs to the fishway entrance, increasing
the amount of flow discharging from the fishway. However, sedimentation and some
clogging with debris is likely to occur on the AWS intake grille, requiring occasional cleaning.

Annual cleanout of sediment in the entrance bay will likely be required for Level 3
modifications. The entrance bay is prone to sedimentation caused by backwatering from the
tailwater pool during large flow events. Sedimentation in the entrance bay may create
surging and excessive velocities through the diffuser grate, located on the floor. If several
feet of deposition occur, flow from the AWS through the diffuser could become completely
blocked.

Alternative B

Alternative B proposes the most natural looking fishway. It would be constructed from
bedrock, with limited to no use of concrete. It would have chutes between pools with 2 to 3-
foot drops, which are beyond the ODFW and NMFS N'W maximum drop criteria of 1-foot
but similar to the drops found throughout Steamboat Creek upstream and downstream of
the falls. However, the other fish passage criteria for pool depths and EDF are met across a
wide range of streamflows. This alternative could provide suitable fish passage up to
streamflows of 440 cfs, or greater. As currently proposed, it would only be functional during
moderate and high flows, with the existing fishway becoming the primary fish passage
facility once streamflows drop below about 75 cfs. This would generally occur in July.
Making the bedrock fishway operable during lower flows may compromise operations of the
existing fishway. The precise range of operational flow would be determined in final design.
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The existing fracturing, or jointing, in the bedrock is expected to facilitate conventional
excavation of the bedrock in 2- to 4-foot by 4-foot by 4-foot blocks. Fishway alignment
carefully follows orientation of bedrock jointing. Because the jointing in the existing
bedrock will be used to create the pools and pool crests, it may be difficult to obtain the
exact dimensions desired for fish passage. Rock shaping with small charges and limited
application of concrete could be used to obtain more accurate dimensions and address over-
excavated areas.

Alternative C

Alternative C involves excavation of bedrock along the north side of the falls, similar to
Alternative B. The main difference is that the bedrock fishway would use concrete weirs
keyed into the excavated bedrock rather than bedrock chutes. Use of concrete weirs makes
it possible to have much finer control of the fishway hydraulics and provides less restriction
on the fishway alignment. The fishway would meet existing ODFW and NMFS NW fish
passage criteria. Drops would be exactly 1 foot between weirs to meet passage criteria. The
pools between the weirs would have a residual pool depth of 3 feet and would have adequate
volume to dissipate the flow’s energy up to a streamflow of about 420 cfs. Although
concrete has a lower aesthetic value than bedrock, it will be easiet to achieve the exact
dimensions necessary to provide fish passage across a range of flows.

Recommendations

Based on findings in this study, we recommend implementing both Alternative A Level 1
modifications and Alternative C. Combined, these alternatives provide redundancy and
year-round passage for winter and summer steelhead and spring Chinook. Though
Alternative B would provide similar fish passage conditions with increased aesthetic qualities,
it assumes an increased level of risk regarding the ability to shape bedrock to the desired
dimensions during construction.
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1 Background

1.1 Introduction

Steamboat Creek lies within the Umpqua National Forest and is a major tributary to the
North Fork Umpqua River, Oregon. The stream supports runs of summer and winter
steelhead and spring Chinook salmon. Steamboat Falls is located on Steamboat Creek
approximately six miles upstream from its confluence with the Umpqua River. The drop
across the falls is between 20 and 25 feet. In 1958 the Oregon State Game Commission
(later renamed the Oregon Department of Fish and Wildlife, ODFW) constructed a fishway
facility along the south bank of Steamboat Falls to improve fish passage (Figure 1-1).

Prior to its construction, anecdotal evidence and drawings of the fall’s historic morphology
suggest adult steelhead, and possibly Chinook salmon, were able to ascend the falls within a
limited range of flows. The route most suited for natural fish passage over the falls was
along the south bank, where a steep bedrock chute would likely have provided flow
conditions suitable for adult steelhead and salmon to swim through. Following construction
of the fishway along the south bank of the falls, this potential natural passageway was
eliminated, forcing fish to utilize the new fishway to migrate upstream.

The fishway is prone to plugging with sediment and small debris on an annual basis. The
fishway facility was modified by ODFW in 1985 to reduce problems with sedimentation.
Despite these modifications, the fishway is still frequently plugged by early winter. This
shuts off nearly all the flow to the fishway, impeding fish passage over the falls. The fishway
is typically unplugged by staff from ODFW and volunteers in late June or early July, when
flows have receded to safe levels for persons to enter the fishway enclosure (refer to
Appendix A for site photographs).

The fishway is often plugged during periods when winter steelhead, and possibly summer
steelhead that hold in downstream pools during the previous summer, attempt to pass over
Steamboat Falls to reach spawning grounds in the upper watershed. Additionally, large
numbers of summer steelhead typically arrive at the base of the falls in May and June, and
must hold there until the fishway is unplugged. During this period steelhead are observed
leaping repeatedly at the base of the falls. After the fishway is unplugged, the summer
steelhead have difficulty finding the fishway entrance, presumably due to poor attraction
conditions.

The fishway lies within the Umpqua National Forest but is owned and operated by ODFW.
The fishway is accessed from the southern bank through the adjacent Forest Service
Campground, or along the northern bank from a turnoff on Steamboat Creek Road. The
pools located above and below the ladder are a popular swimming and recreational area
during the summer months.
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Figurel.Elstmg enclosed ﬁsway and splllay at Steamboat Falls.

1.2  History of Steamboat Falls Fishway: Construction, Repa’irs,
and Modifications

In 1958 the Oregon State Game Commission constructed the fishway facility along the
south bank of Steamboat Falls. The fully enclosed fishway ascends approximately 20 vertical
feet, and has three switchbacks to fit within a relatively small footprint of about 100 feet
long by less than 30 feet wide (Figure 1-2). Construction of the fishway required large-scale
excavation of bedrock at the face of the falls. In places, bedrock was excavated to a depth of
more than 20 feet.

The fishway was designed primarily as a pool and weir type ladder, with orifices at the exit
(upstream end) and upper two bays to regulate flow into the fishway with changing
headwater levels. To control the headwater level at the fishway exit, a concrete spillway was
built on top the bedrock. An auxiliary water system (AWS), with an intake at the crest of the
spillway, supplied additional water to the fishway entrance bay (downstream end) to increase
fish attraction. A copy of the original design plans are provided in Appendix B.

During the flood of 1964, the pools throughout the fishway filled with sediment and exterior
portions of the fishway were severely damaged, including the AWS, hatches, and concrete
spillway. The total volume of sediment deposited within the fishway was estimated to be
300 cubic yards. Repairs were made in 1966 or shortly after. They included reconfiguration
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and reconstruction of the spillway, addition of a sediment sluice gate and pipe for the
fishway headwater pool, and relocation of the auxiliary water system (AWS) intake. A copy
of the 1966 repair plans are provided in Appendix C.

In 1985 the fishway was modified in an apparent effort to reduce sedimentation and
improve hydraulics within the fishway. Modifications included (1) replacement of the head
gates at the fishway exit with guides for stoplogs, (2) plugging of the two orifices and cutting
a 1.4-foot wide vertical slot into the bulkhead separating the second and third bay from the
exit, and (3) cutting a 1.5-foot wide vertical slot into weirs 6 through 18 that extends down
to the fishway floor. Minor repairs were also made to the concrete spillway. A copy of the
1985 as-built drawings for the fishway modifications are provided in Appendix D.

ODFW continues to perform minor repairs to the concrete spillway to keep exposed rebar
from becoming a public hazard (L. Jackson Per. Com., 2009). Additionally, ODFW has
largely sealed off the AWS intake with a steel plate to reduce impingement of juvenile
salmonids and lamprey.

1.3  Project Scope

The North Umpqua Foundation (TNUF), along with the Umpqua National Forest and
Oregon Department of Fish and Wildlife (ODFW), Douglas County, and several
environmental groups have initiated the “Steamboat Falls Fish Passage Project,” with the
goal of improving upstream passage conditions over the falls throughout the upstream
migration season for steelhead trout and Chinook salmon.

Planning and preconstruction efforts leading to implementation are envisioned to occur in
three phases. The first phase is development of conceptual design alternatives. The second
phase is to select a preferred alternative and complete the NEPA (National Environmental
Policy Act) process. The third phase is to complete final design and permitting. Following
this, in-stream construction would be completed and subsequent effectiveness monitoring
would be initiated.

TNUPF has requested the services of Michael Love & Associates (MLA), working with
Winzler & Kelly and The Galli Group, to:

® Evaluate the existing fish ladder’s structural integrity and fish passage effectiveness,

= Develop at least three fish passage concept design alternatives along with associated
engineering cost estimates, and

® Prepare a comparative analysis of alternatives assessing risks and benefits.

Findings from these activities are summarized in this report.

1.4  Project Goals and Objectives

The project goal is to establish reliable fish passage conditions with minimal delay during
periods that adult winter and summer run steelhead and spring run Chinook salmon attempt
to migrate upstream over Steamboat Falls.
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Specific objectives and considerations used to develop feasible alternatives included:

* Reducing the risk of fishway clogging with sediment and debris

* Increasing the range of operational fishway flows
(i.e. passage during the winter flow regime)

* Improving fishway attraction flow
* Improving fish passage hydraulics:

0 Satisty ODFW and National Marine Fisheries Service fish
passage criteria, where possible

O Create fish passage conditions no more challenging than
conditions found within the adjacent stream channel

* Minimizing maintenance associated with debris and sediment
management

®  Minimizing operational requirements
* Considering public safety

* Considering recreational access to the northern portion of the falls
from the campground

®  Durability and a reasonable design life

®  Acceptable implementation cost

1.5  Site Meeting and Field Activities

A project initiation meeting was held on July 20, 2009 and included members of TNUF and
the Steamboaters (a local non-profit group), staff from the Umpqua National Forest and
ODFW, Michael Love P.E. and Antonio Llanos P.E. from Michael Love & Associates,
Mark Wharry P.E. from Winzler and Kelly, and Ed Busby C.E.G. and William Galli P.E.,
G.E. from The Galli Group. The meeting included a site visit and discussion of ongoing
operations and maintenance, project goals and objectives, and project approach. At the
meeting, ODFW provided copies of the original design plans and plans for subsequent
repairs and modifications (Appendices B, C, and D).

Following the meeting, geologic field mapping was conducted by The Galli Group, and
MLA staff measured fishway dimensions and hydraulic conditions. An elevation survey for
use in developing design alternatives was conducted by MLLA staff on the following day.
The geologic field mapping and survey were used to assess current conditions and to
develop and analyze various alternatives for meeting project goals, as presented in this
report.
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2 Geology of Steamboat Falls

The project geologic and geotechnical report prepared by the Galli Group describes the
bedrock geology of Steamboat Falls in detail (Appendix E). This chapter summarizes the
report and provides an overview of the bedrock geology at Steamboat Falls as it applies to
development of alternatives that involve excavation of the bedrock.

Steamboat Falls is formed of strongly welded ash-flow tuff bedrock that is light brown on
weathered surfaces and light gray on unweathered surfaces. In the project area, developed
joint, or fracture, discontinuities have developed in the welded ash-flow tuff bedrock.
Discontinuities are defined as semi-planer features in rock mass that form a natural weakness
along which displacement can occur.

2.1 Bedrock Jointing

The project geologist mapped discontinuities in the project area and identified three distinct
joint sets:

Set 1. The most strongly developed joint set, referred to as the “N25W” set, strikes
along a line running southeast-northwest at approximately 25" west of north. It
has a dip angle (measured from the horizontal) ranging from 70° to vertical.
The typical spacing between N25W joints ranges from one to four feet.

Set 2. The second joint, referred to as the “East” set, strikes along a line running
southwest-northeast at 60° to 75 east of north, and dips at 65° to vertical. The
East set is most defined along the south side of the falls and typical spacing
between East joints ranges from three and four feet.

Set 3. The third joint set is relatively horizontal, and is referred to as the “Flat set”. It
has an undulating dip that is most frequently between 15” and 18°. This set is
well developed and varies in thickness.

The face of the falls north of the fishway appears to have developed parallel to the strongly
developed main N25W trending fracture set (Figure 2-1). The remaining two fracture sets
(“Flat” and “East”) have formed small blocks that can be detached from the face, and a
stepped face to develop, with 2 to 4 foot step-ups. The stepped face of the falls along this 3-
set joint pattern prevents it from becoming over-steepened.

2.2  Effects of Jointing on Bedrock Excavation

It is likely the pattern of three joint sets forming detached blocks will allow excavation of the
bedrock to proceed back from the face of the falls if an alternative is chosen that requires
excavation. The “weakest” developed joint set north of the structure appears to be the
“East” set. It has a spacing of approximately 4 feet. This set should occur frequently
enough to allow the excavation of blocks. This set appears to be better developed (or
exposed) south of the structure in the south bank. The “flat” set is well developed and varies
in thickness; it was observed to have very thin layers north of the structure, providing
smaller and/or thinner dimension blocks to be excavated. Actual joint sets may be
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irregularly spaced, and the size of excavated blocks can vary accordingly. It is anticipated
that the largest blocks will be on the order of 4 feet x 4 feet x 4 feet. Smaller blocks, on the
order of 1 foot thick x 4 feet wide x 2 to 4 feet high may be present in many locations.
Excavation of the bedrock blocks will create a stepped cut face as a finished surface.

A considerable amount of bedrock was excavated when the existing fishway was constructed
along the south side of the falls in 1958. Based on the original plans (Appendix B), the
bedrock was excavated to a depth of 20 feet or more in some locations. The plans identify
the disposal area for the excavated bedrock as being along the toe of the north bank,
adjacent to the Steamboat Creek Road embankment. During the site visit, MLLA staff noted
large block-shaped “bedrock boulders” stacked in this area; presumably the spoils from
excavation of the bedrock for the existing fishway. These bedrock blocks had typical
dimensions along each axis ranging between two to four feet, reaffirming the feasibility of
excavating bedrock along the 3-set joint pattern.

The geologic report examined rock slope stability and concluded that the bedrock does not
have a significant chance of slope failure because of the steeply dipping nature of the joints.
There is some change of creating an overhanging rock face that could result in a “toppling”
failure if a large area of unsupported slope is excavated in the northwest or southeast facing
cut. The risk of toppling failure can be reduced by removing any overhanging faces during
the excavation process.

Steamboat Falls Fish Passage Evaluation and Alternatives Analysis
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3 Target Fish Species and Hydrology

This project is tasked with improving upstream passage for summer and winter run adult
steelhead trout (Oncorhynchus mykiss) and spring run Chinook salmon (Oncorbynchus
tshawytscha).

Other aquatic organisms that may utilize a fish passage facility at Steamboat Falls include
Pacific lamprey (Lampetra tridentate) and costal cutthroat trout (Oncorhynchus clarki clarkz).
However, they are not target species for improved passage. Pacific lamprey are presumed to
climb over the face of the falls, both historically and under current conditions. Except for
infrequent occurrences, costal cutthroat trout would probably have been blocked at the falls
prior to construction of the fishway (See Section 3.2). They are now likely able to pass
through the existing fishway under limited flow conditions.

3.1 Timing of Upstream Migration for Steelhead and Chinook Salmon

Developing and evaluating upstream passage alternatives for adult summer and winter
steelhead and spring run Chinook salmon requires an understanding of the timing for
upstream migration relative to season and streamflow. Information about the timing of
different fish runs in Steamboat Creek includes:

(1) US Forest Service winter and spring steelhead spawner surveys in tributaries to
Steamboat Creek upstream and downstream of the falls

(2) TNUF coordinated daily observations from mid-spring to mid-fall of fish in over-
summer holding pools upstream of the falls

(3) Anecdotal observations and accounts of fish leaping at the falls

(4) General knowledge of fish life histories within the North Umpqua Watershed by
ODFW and US Forest Service fisheries biologists, and local anglers.

3.1.1 Summer Steelhead

The primary spawning period for summer steelhead within the North Umpqua basin is
believed to be in December and January. However, these fish leave the ocean the previous
spring and hold in the river and in larger tributaries over the summer and fall before
spawning. Based on the limited information available, it is apparent that summer steelhead
in the North Umpqua basin employ multiple over-summering strategies that lead to a wide
range in the timing of their arrival at Steamboat Falls.

When the existing fishway is blocked with sediment from winter high flows, as is common,
summer steelhead are observed gathering in the large pool below, and repeatedly leaping at
Steamboat Falls in late May and June. Once the fishway is unplugged, they migrate upstream
to Lower Bend Pool and Big Bend Pool on Steamboat Creek. These pools are located near
the confluence with Big Bend Creek, which produces much colder water than Steamboat
Creek. As a result, these two pools have water temperatures much more suitable for over-
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summering steelhead than further upstream or downstream on Steamboat Creek.
Additionally, low-flow barriers prevent the fish from migrating further upstream until flows
increase.

Since 1999, the observer for the TNUF’s FishWatch program, Lee Spencer, has resided at
Big Bend Pool from mid-spring through mid to late fall to discourage potential poachers and
provide educational information to visitors. His detailed notes document summer steelhead
continuously arriving at the pool from as early as May (Table 3-1), and continuing to come
and go throughout the summer and fall. By the end of summer, several hundred steelhead
are regularly holding in pools upstream of the falls. This indicates that steelhead are readily
able to migrate upstream through the existing fishway at Steamboat Falls during the low
flows of late spring and summer months, when the fishway is unblocked. In 2000, as in
other years, no steelhead were observed upstream of the falls until the fishway was
unblocked.

Summer steelhead also over-summer in downstream pools, including those below Steamboat
Falls and Little Falls on Steamboat Creek, and in pools throughout the North Umpqua
River, which has more suitable water temperatures for steelhead during the summer months.
Many of these summer steelhead are believed to migrate up Steamboat Creek during late fall
freshets on their way to spawning grounds in the upper reaches of Steamboat Creek and its
tributaries.

3.1.2 Spring Chinook Salmon

Spring Chinook generally arrive within the North Umpqua Basin in April and spawn in
September and October (Jeff Dose, personal communication). The observer at Big Bend
Pool regularly documents a handful of spring Chinook arriving during the summer, with
occasional spawning just below the pool.

3.1.3 Winter Steelhead

Unlike summer steelhead, the common belief is winter run steelhead migrate upstream from
the ocean to their spawning grounds as swiftly as flow conditions allow. They are thought to
run up Steamboat Creek from late December into May, swimming upstream of Steamboat
Falls when the fishway is passable.

Records of steelhead spawner surveys conducted by US Forest Service in the winter and
spring of 2000 through 2006 documents spawning upstream of Steamboat Falls occurring
from early January through mid-May. Although these fish are likely a combination of both
summer and winter steelhead, the records help establish that steelhead are moving around
and spawning in Steamboat Creek during this period.

Steamboat Falls Fish Passage Evaluation and Alternatives Analysis
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Table 3-1. Range of summer steelhead observed in Big Bend and Lower Bend Pools
upstream of Steamboat Falls (From Spencer, 2007).

MONTHLY RANGE IN STEELHEAD NUMBERS AT
BIG BEND & LOWER BEND POOLS

YEAR MAY JUNE JULY AUG SEP OCT NOV DEC
1999
Big Bend Pool 0 0 2-107 125-550 440-620 T0-600 34-150 0
Lower Bend Pool ? ? 0 1? 1? ? % ?
2000
Big Bend Pool 0 2-9 3-63 69-125 93-242 140-401 108-198 100-228
Lower Bend Pool ? 5 37-140 2005 125-185 20-225 1-38 0
2001
Big Bend Pool 1-2 1-16 9-97 106-145 155-619 175-700 2-225 0
Lower Bend Pool 0 2-30 24-170 97-300 120-300 50-238 4-48 0
2002
Big Bend Pool 1-3 5-107 99-230 244-346 77-349 384-434 20-454 140-271
Lower Bend Pool 0-1 1-10 9-50 37-103 30-84 12-47 0 0
2003
Big Bend Pool 5-8 5-101 100-241 150-615 340-591 394-439 1-391 0
Lower Bend Pool 0 0 2-30 4-39 11-28 15-37 4-81 0
2004
Big Bend Pool 0 2-100 182-375 65-580 204-562 0-442 0-146 61-62
Lower Bend Pool 0 4-7 20-105 0-105 0-23 2-24 0-10 0
2005
Big Bend Pool 0 3-27 43-251 302-374 329-405 322-456 1-302 1-3
Lower Bend Pool 0 2-8 4-50 55-100 120-125 35-100 1-22 -
2006
Big Bend Pool ladder ladder 12-505 432-544 565-609 56-683 (5-6)-239
Lower Bend Pool blocked | blocked 0-8 5-23 30-{40-60) 2-67 100

3.1.4 Summary

With both a winter and a summer steelhead run at Steamboat Falls, it is reasonable to
assume that individual steelhead attempt to pass over the falls throughout the entire year.
The summer steelhead attempt to pass over Steamboat Falls beginning in May, with the
largest numbers arriving in June and July. Summer steelhead continue using the existing
fishway move upstream throughout late summer and eatly, but in lower numbers. Spring
Chinook also migrate over the falls during this period.

Beginning with the first fall freshets, summer steelhead over-summering downstream of
Steamboat Falls may begin migrating over the falls, with increasing numbers of summer
steelhead moving upstream in December. By January, both summer and winter steelhead
can be migrating over Steamboat Falls. If the fishway remained operable and flows are
suitable, the winter steelhead run can continue into May.
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3.2  Historical Fish Passage Conditions

Prior to construction of the fishway in 1958, anecdotal evidence and drawings of the fall’s
historic morphology suggest that adult steelhead, and possibly Chinook salmon, were able to
ascend the falls within a limited range of flows. The route most suited for natural fish
passage over the falls was along the south bank, where a steep bedrock chute might have
provided flow conditions suitable for adult steelhead and salmon to swim through. In a
1942 photograph of the falls (Figure 3-1), flow through this bedrock chute is clearly visible
during what appears to be moderate flow conditions. At this streamflow, flow in the chute
appears to be excessively turbulent, making upstream fish passage difficult to impossible.

3.2.1 Historical Bedrock Chute Passageway

The original 1958 design plans show the topography of Steamboat Falls in detail before it
was altered to construct the fishway (Figure 3-2). The topography shows a bedrock chute
along the south bank, where the fishway is currently located. From the eastern end of the
plunge pool below the falls, fish would need to leap vertically about 8 to 10 feet, landing
onto the bottom of the bedrock chute. From here, they either would have been washed
back into the plunge pool or have swum up the chute, which was about 65 feet long and
sloped at about 10 percent. At the top of the chute was a series of pools and small drops
that lead to the top of the falls.

The leap height of 8 to 10 feet is within the leaping abilities of adult steelhead (Stuart, 1962),
but may have been excessive for an adult Chinook salmon. The difficulty steelhead had
swimming up the chute would depend partly on the heterogeneity of the bedrock within the
chute. If the bedrock was rough with small protrusions, fish could swim through areas of
lower velocities, allowing them to swim up the chute during higher flows than if it were
relatively smooth. It is difficult to determine at which flows the chute may have been
passable, but based on the topography, the 1942 photograph, and an understanding of
streamflow variability at the site, it is reasonable to assume that passage would have been
most suitable during spring and early summer baseflows, and possibly during periods in the
fall following the first freshets. At higher flows, the passageway would likely have been too
fast and turbulent. At the lowest flows during the year, the depth in the chute would have
been quite shallow, and the steelhead may not have been able to have their bodies
sufficiently submerged to gain adequate propulsion.

3.2.2 Alternative Passageway

An alternative passageway was located just to the west of the bedrock chute. A sizable
bedrock pool, eleven feet deep, was located on a bedrock shelf between the base of the falls
and the main plunge pool below the falls. Fish would have been able to reach this pool
during lower flows. From here, they would need to leap vertically 10 feet and then swim
across shallow flow over relatively flat bedrock to reach the series of pools and small drops
that lead to the top of the falls. This 11-foot deep pool was filled with rock and concrete as
part of the 19606 repairs to the fishway and is now the bench below the existing spillway.
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This alternate passageway would have only been suitable when a small amount of flow was
plunging over the falls and into this small pool. With too much flow, the pool would have
become extremely turbulent. At low streamflows, during the late summer, all of the flow
would have gone down the bedrock chute, drying out this passageway. Therefore, it is
reasonable to assume steelhead would have only been able to utilize this passageway during
late spring and early summer baseflow conditions.

Y B P

Figure 3-1. Steelhead leaping at the Steamboat Falls in 1942, prior to construction of
the concrete fishway. Provide by The North Umpqua Foundation.
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3.3 Hydrology of Steamboat Creek

Steamboat Creek, a tributary to the North Umpqua River, drains a relatively low elevation
basin in the Western Cascades of South-Central Oregon. At its mouth, it has a drainage area
of approximately 227 square miles. Steamboat Falls is located on Steamboat Creek,
approximately 6 miles upstream from the confluence with the North Umpqua River. At this
location, the contributing drainage area is approximately 133 square miles.

The elevations along the upper crest of the basin range between 5,400 feet and 5,500 feet,
placing it in a transitional zone of snow and rain-on-snow during the winter, and rainfall
during the spring and early fall. The lower portion of the basin is below 4,000 feet elevation,
and the hydrology is driven predominately by rainfall. As is typical throughout this
hydrologic region, little precipitation falls between June and September. Snowpack in the
upper basin is typically small and melts relatively early in the spring due to its low elevation,
causing baseflows in Steamboat Creek to drop significantly in July and stay low until the
onset of fall rains.

Evaluation of the existing fish passage conditions and development and evaluation of fish
passage alternatives for Steamboat Falls requires a detailed understanding of the seasonal
variability in streamflows at the falls as it relates to the timing of fish movement.
Streamflows in Steamboat Creek are gaged by the US Geologic Service (USGS) at Station
No. 14316700 (Steamboat Creek near Glide), located just upstream from the confluence
with the North Umpqua River. The station records both daily average and annual peak

flows. The available record length is 53 years, running continuously from water year 1957 to
20009.

There are no measurements of flow in Steamboat Creek at Steamboat Falls. Instead, the
streamflows at the falls were approximated using the flows recorded from the USGS gaging
station scaled to the drainage area of the creek at the falls. Using these scaled flows, both
daily average and peak flow conditions at Steamboat Falls were estimated.

3.3.1 Streamflows and Fish Passage

A flow duration analysis is the most common means of describing streamflow characteristics
for fish passage design and evaluation. The analysis uses daily average flow data for the
entire year or limited to a specific time of year. Exceedance probabilities are typically used to
describe the duration of flow. For example, streamflows are greater than the 50-percent
annual exceedance flow, on average, half of the time throughout the year. Exceedance
probabilities and their associated flows are used to construct flow duration curves for the
period of interest.

A flow duration analysis was conducted for Steamboat Creek at Steamboat Falls to aid in
evaluating existing and proposed fish passage conditions. Both ODFW (2006) and NMFS
NW (2008) recommend designing upstream passage facilities to provide fish passage at
streamflows falling between the 95 percent and 5 percent exceedance flows during the
migration period. Under these guidelines, the fishway would be operating 90 percent of the
time during the migration period. Five percent of the time flows would be too low and the
other 5 percent of the time flows would be too high for the fishway to operate.
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For Steamboat Falls, the fish migration period is relatively continuous (See Section 3.1).
However, it can be divided into two distinct periods. From May through July migration is
predominately summer steelhead that over-summer upstream of the falls and spring
Chinook. From December through April the fish migrating over Steamboat Falls are
predominately winter steelhead and summer steelhead that over-summer downstream of the
falls.

To evaluate the variability in streamflow during fish migration periods, three flow duration
curves were constructed: annual, May through July for the “summer-run”, and December
through April for the “winter-run”, which includes late-arriving summer steelhead (Figure
3-3). Based on ODFW and NMFS NW criteria, low and high fish passage flows would
range from 30.5 cfs (cubic feet per second) to 638 cfs for the summer-run in May through
July, and 122 cfs to 2,292 cfs for the winter-run in December through April. Using the
annual flow duration curve (because fish are observed moving year-round), the range of fish
passage flows would be between 24 cfs and 1,684 cfs.

These are an extremely wide range of flows for a fish passage facility to operate, especially at
a “run-of-the-river” site such as Steamboat Falls. It is important to consider that these
design flow guidelines are typically applied to (1) much smaller watersheds, resulting in a
much narrower range of flows, and (2) passage at reservoirs and other structures where
streamflows are controlled. It is not reasonable to expect the existing fishway or any of the
alternatives for Steamboat Falls will be operational across this entire flow range.

Flow duration curves were constructed for each month of the year to better assess flow
conditions during the height of summer steelhead migration and during late fall and winter
migration periods (Appendix F). Variability in water years (Oct. 1 through Sept. 30) was
also examined by separating years into Wet, Average, and Dry based on the annual yield.
Annual yields in the highest and lowest 10 percentile were designated as Wet and Dry years,
respectively. Plotting of the hydrographs for a typical year from each category demonstrates
the annual and inter-annual flow variability (Figure 3-4).

Flows in June, a critical migration period for summer steelhead, are typically between 70 cfs
(90 percent monthly exceedance flow) and 300 cfs (10 percent monthly exceedance flow),
depending on both the time of month and the amount of late spring rainfall and snowpack
left in the upper basin. By July, flow is consistently below 100 cfs, and averages between 30
cfs and 70 cfs for 65 percent of the month. Therefore, flows from roughly 30 cfs to 300 cfs
were used to evaluate existing conditions and to develop alternatives for passage of summer
steelhead.

For summer steelhead and winter steelhead running up Steamboat Creek between December
and April, streamflows at the falls during this period typically remain above 100 cfs, 300 cfs,
and 400 cfs during Dry, Average, and Wet years, respectively (Figure 3-4). Therefore, if
upstream passage for these fish is desired, suitable fish passage conditions should be
provided at streamflows from 100 cfs to at least 400 cfs.
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Figure 3-3. Annual, “summer-run” and “winter-run” flow duration curves for Steamboat Creek at Steamboat Falls.

The 5% and 95% exceedance flows are provided for each curve.
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Figure 3-4. Hydrographs for flow at Steamboat Falls for statistically Wet, Average, and Dry water years. Constructed with daily
average flows from USGS Station No. 14316700 (Steamboat Creek Nr Glide) and scaled to the drainage area at Steamboat Falls.
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3.3.2 Peak Flows

Annual peak flows recorded at the gaging station on Steamboat Creek and scaled to the
drainage area at Steamboat Falls were analyzed to characterize the frequency and magnitude
of flow events at the falls. These results provide insight into the flows that likely transport
the bulk of the bedload in Steamboat Creek, and how different alternatives might fare during
large floods. It also adds perspective to the limited range of flow that fish passage is a
concern relative to the total range of flows experienced at the site.

To estimate return periods of peak flows, a probabilistic analysis was conducted using
methods outlined in Buellton 17-B (USGS, 1982). Results are summarized in Table 3-2 and
calculations are provided in Appendix F.

Streamflows with return periods between 1.2 and 1.5-years are often geomorphically
characterized as “bankfull flow” flows. At these flows the stream’s larger bedload tyically
becomes fully mobile ( Leopold et al., 1964). It is reasonable to assume that entrainment of
sediment into the fishway primarily occurs at streamflows of roughly 4,500 cfs and higher.

The estimated peak flow at Steamboat Falls during the 1964 flood, the largest flood on
record in Steamboat Creek, is 29,900 cfs; greater than the estimated 100-year peak flow.
This event caused severe damage to the spillway and hatches, and filled the fishway with
sediment. The second largest event on record was the 1996 flood, with an estimated peak
flow of 18,400 cfs, it had an approximate return period of 25 years.

Table 3-2. Peak flows and associated return flows at Steamboat Falls.

Return
Period 1.2-year | 1.5-year 2-year 5-year 50-year 100-year

Peak Flow 4,500 cfs | 6,300 cfs | 8,100 cfs | 12,500 cfs | 21,000 cfs | 23,200 cfs
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4 Parameters for Evaluation, Design and Comparison

The following section describes parameters used to evaluate performance of the existing
fishway and to develop, evaluate, and compare the feasibility and performance of
alternatives. General fishway features and terminology, as it applies to the existing fishway,
are presented in Figure 1-2.

The Oregon Department of Fish and Wildlife (ODFW) and the National Marine Fisheries
Service Northwest Region (NMEFS NW) have standards and criteria for fishways (ODFW,
2006; NMFS NW 2008). ODFW commonly defers to NMFS NW standards and criteria in
areas not covered by ODFW standards. Table 4-1 lists criteria used to evaluate the existing
fishway and develop alternatives for this project. Other ODFW and NMFS NW criteria
concerning fishway design flows, dimensions and the AWS were also used but are not listed
in the table.

Table 4-1. Summary of ODFW and NMFS NW criteria for fishway design.

Parameter Criteria Source

5% Exceedance Value

Daily Flows During Migration Season ODFW/NMFS NW

Upper Design Flow

95% Exceedance Value

Daily Flows During Migration Season ODFW/ NMFS NW

Lower Design Flow

Minimum 10%

For Total Streamflow <1,000 cfs NMFS NW

Attraction Flow

Maximum EDF in

Fishway Pools

4.0 ft-Ib/s/ft

ODFW/ NMFS NW

Minimum Water Depth
for Swimming

12 inches
Adult Salmonids

ODFW/ NMFS NW

Minimum 2 feet
. . . ODFW
Pool Depth if Leaping Required
Drop at Fishway 1.0to 1.5 feet NMES NW

Entrance

in Streaming Flow

Maximum Drop
Within Fishway

12 inches
Adult Salmonids

ODFW/ NMFS NW

Maximum Water Velocity
at Fishway Transitions

8 feet/second

ODFW

Minimum
Slot Width

12 inches
Adult Salmonids

ODFW/ NMFS NW

Turning Pools Greater
Than 90 Degrees

Double the Centerline Length of
Straight Pools

ODFW/ NMFS NW

Minimum Orifice
Dimensions

15" High and 12" Wide

NMFS NW
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4.1  Fish Attraction

Providing suitable attraction conditions for adult steelhead to find the entrance of the
fishway is a key design parameter. Attraction is important throughout the entire fish passage
design flow range. For this project, fishway attraction depends on the percentage of the
total streamflow that is contained within the fishway, the location and orientation of the
fishway entrance (downstream end of the fishway), and potential for distraction or confusion
generated from flow that plunges over the falls, spillway, or fishway roof, rather than from
the flows contained in the fishway. A water surface drop across the fishway entrance can be
used to produce a jet of water that penetrates into the tailwater pool to help fish locate the
entrance. An auxiliary water system (AWS) can also be used to supply additional flow to the
fishway entrance to improve attraction at higher flows.

In larger stream systems, such as Steamboat Creek, fishways can provide suitable attraction if
at least 10 percent of the total streamflow discharges from the fishway entrance. However,
the larger the proportion of flow from the fishway, the more likelihood fish will find the
fishway entrance with minimal delay.

4.2  Turbulence and Energy Dissipation Factor (EDF)

Turbulence is associated with the dissipation of the flow’s energy. In fishways containing
weirs, slots, or orifices, energy is dissipated through turbulence within the pool below each
water surface drop. Turbulence can become a migration barrier by causing fatigue and
disorientation to the fish. The Energy Dissipation Factor (EDF) is a measure of turbulence,
and is the calculated rate energy is dissipated within a discrete volume of water. The EDF is
dependent on the fishway flow, height of the water surface drop, and the volume of the
pool. Turbulence can also be beneficial for scouring and transporting sediment within a
fishway. A low EDF at higher flows can indicate areas that may be prone to sedimentation.

4.3  Water Surface Drop Heights

Recommended maximum water surface drop over each weir, or across a slot or orifice,
should not exceed 12 inches for adult salmon and steelhead. However, they are known to
leap much higher than 12 inches to pass over both natural and artificial obstructions,
including numerous small drops and falls on Steamboat Creek and the North Umpqua River.
If suitable conditions exist, it is not uncommon for steelhead to leap over drops as high as 8
feet or more, but at these higher drops it often takes several attempts before being successful
(Stuart, 1962). Drops of 12 inches generally minimize the number of failed attempts and
allow adult salmon and steelhead to swim through the drop rather than leap.

4.4  Water Depths and Velocities

Water depth for a swimming fish should be sufficient to fully submerge their body. For
salmon and steelhead, the recommended minimum water depth for a swimming fish is 1
foot. If the fish must leap, water depth within the pool they leap from should be greater
than 2 feet.
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Salmon and steelhead generally swim in three modes: sustained, prolonged, and burst (Bell,
1991). They may maintain sustained speeds for an indefinite period. Burst swimming
achieves their highest speeds and can only be maintained for short periods; typically less than
a minute. Prolonged speeds fall between sustained and burst and can be maintained for a
limited period that typically ranges between 10 and 60 minutes. Actual swim speeds depend
on species, body size, and physical condition.

Water velocities within a fishway should not exceed the fish’s swimming abilities. For short
hydraulic transitions in fishways, such as at the entrance (downstream end), exit (upstream
end), or through a slot or orifice, salmon and steelhead are assumed to use burst swimming.
In longer channels they are expected to swim at prolonged speeds. To allow resting,
velocities within a pool should be low enough for them to hold position while swimming at
sustained speeds.

4.5  Flow Control

Ability to control and adjust the amount of water entering the fishway is critical to obtaining
the desired conditions. This involves controlling the headwater pool level (pool at upstream
end of fishway) and the amount of flow entering the fishway as streamflows change.
Approaches may include using stoplogs or gates at a spillway on the headwater pool and/or
fishway exit, contouring the crest of the spillway to create the desired stage-discharge
relationship, carefully sizing exit orifices, slots or weirs to control the amount of flow
entering the fishway, using an AWS to increase flow discharging from the fishway entrance,
ot a combination of these methods. Ability to make operational adjustments to flow control
elements allows for adaptive management of the fishway after construction.

4.6  Project Cost

A planning level Opinion of Probable Construction Cost was completed for each conceptual
design alternative to allow for comparison of alternatives and to pursue funding sources.
The itemized construction costs include an estimating contingency that accounts for material
and construction cost volatility and uncertainties associated with the current conceptual level
of this project.

Construction costs were developed with consideration of the challenges associated with site
access and working within the confined space of the existing fishway structure. In addition
to developing probable construction costs, costs associated with final engineering and
design, bid assistance, and construction management were prepared. The final engineering
and design would include preparation of the final bid package comprised of final
construction plans, specifications, and the engineer’s estimate of construction cost.

Preparation of the final engineering plans would include a structural assessment of the
existing fishway to determine structural repairs that could increase its service.
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5 Existing Fishway Conditions

An evaluation of the existing fishway was conducted to characterize fish passage conditions
relative to current standards, identify areas needing maintenance or repair, and guide
development of modifications to improve conditions. Activities included:

e Studying the original design drawings from 1958 (Appendix B), and the
modification plans from 1966 (Appendix C) and 1985 (Appendix D)

e Surveying fishway elevations and measuring fishway dimensions to verify
they match the design drawings

e Modeling fishway hydraulics
e Measuring hydraulic conditions during the site visit on July 20", 2009

e Interpreting flow patterns at Steamboat Falls at varying flows using
photographs

e Identifying areas of sedimentation and resulting effects on fishway
performance

e Identifying portions of the fishway in disrepair

Results from these activities were then compared to current ODFW and NMFS NW
standards for fish passage facilities.

5.1 Existing Fishway Configuration

The existing concrete fishway is located along the south side of Steamboat Creek (Figure
5-1). The entrance is located at the base of Steamboat Falls and discharges into the
upstream end of the plunge pool below the falls (referred to as the tailwater pool). The exit
is located in a concrete headwater pool near the top of the falls.

The fishway has three 180 degree turns within it, allowing it to spiral upwards while
maintaining a small footprint. The fishway is fully enclosed with a sloping roof surfaced
with grouted cobbles. Access into the fishway is through three hatches with fixed steel rebar
rung ladders leading down to the fishway floor. Alternatively, access can be gained through
the fishway entrance.

The original concrete structure was a pool-and-weir fishway. The 18 weirs are 8 feet long
and 4 feet tall, and are horizontal across the crest. Each weir contains a 12 inch wide by 8
inch tall orifice at its base. The concrete weirs are 8-inches thick and have tapered crests.
Drop from weir to weir is 1-foot. The bays between the weirs are 12 feet long and 8 feet
wide, and have a sloping floor. The fishway contains a sediment sluice gate in Bay H,
discharging directly above the entrance, to sluice sediment out of the fishway upstream of
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Weir 11. The gate is actuated using a removable handle inserted through a hole in the
fishway roof.

During the 1985 fishway modifications, a 1.5-foot slot extending to the fishway floor was cut
into Weirs 6 through 18 (Figure 5-2), presumably to improve sediment transport. The slots
are located 0.5 feet from the left wall (looking upstream) and the edges are square to the weir
rather than following the standard shape and dimensions for vertical slots, as described in
NMFES NW (2008) and Rajaratnam (1992). With these modifications, the existing fishway is
best described as a hybrid between a vertical slot and pool-and-weir fishway.

At the top of the fishway is the exit channel, which has a level floor, two bulkheads with
vertical slots cut through them (Slots 19 and 20), and two exit ports (Figure 5-2). The two
orifices in the bulkhead for Slot 19 were plugged with concrete in 1985. The orifices in the
bulkhead for Slot 20 were not located during the site visit and assumed to be either plugged
with concrete or coarse sediment. The fishway exit consists of two adjacent 2-foot wide by
2-foot tall ports, or orifices, through the fishway wall (Figure 5-4). They connect to the
headwater pool and are positioned 2 feet above the fishway floor and 1-foot above the
bottom of the headwater pool. The original downward-closing slide gates on the upstream
side of the exit ports, used to control flow into the fishway, were replaced with stoplog
guides as part of the 1985 modifications.

Construction of the fishway required excavating into the existing bedrock to depths of 20
feet, or more. As part of the 1966 repairs, the existing headwater pool and spillway were
constructed with a combination of grout with steel mesh and reinforced concrete. The
concrete is shaped to blend with the bedrock. However, there is a clear interface between
the two. The spillway for the headwater pool is about 30 feet wide. The low portion of the
spillway crest is nearly 10-feet wide and positioned 3 feet higher than the bottom of the exit
ports. The rest of the spillway crest is at the same elevation as the adjacent roof of the
tishway.

To improve fish attraction, the fishway contains an auxiliary water system (AWS) designed to
take water from the headwater pool and deliver it into the entrance bay between Weirs 1 and
2 to increase the amount of flow discharging from the fishway. The AWS intake is located
along the outer fishway wall immediately upstream of the spillway. The intake grille has
been sealed partially shut with a steel plate, making the system inoperable.

The headwater pool has a floor that slopes downward from the fishway exit toward the
spillway, forming a “sediment sink” (Figure 5-3). A sediment sluice gate and pipe are located
at the bottom of this sink, adjacent to and below the AWS intake. The pipe is a 36-inch
diameter corrugated culvert. The actuator for the Waterman slide gate on the inlet of the
pipe is located at the crest of the spillway. The pipe goes through the base of the spillway
and discharges into the tailwater pool next to the fishway entrance. Installation of the
sluicing system was part of the 1966 repairs, along with relocation of the AWS intake to its
current location. The sluicing system was presumably installed to prevent sediment buildup
in front of the AWS intake grille.
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Surveyed elevations and measurements during the July 20, 2009 site visit found only minor
discrepancies between the design plans and existing conditions. The most notable are the
width of the slots in each weir, which are 1.5 feet wide rather than 1.4 feet. The other
discrepancy was the slope and elevation of the fishway roof downstream of the exit ports.
The actual roof elevation in this area is higher than shown in the 1958 design plans.

Photographs of the site are provided in Appendix A.

5.2  Photographic Interpretation of Flow Conditions at Steamboat Falls

Photographic interpretation of flow patterns over Steamboat Falls and in the tailwater pool
provided insight into flow patterns and fishway performance, and helped guide siting of the
new fishways described in Alternatives B and C. A limited number of photographs taken at
varying streamflows were obtained from different sources. To use a photograph in the
interpretation required knowing the time and date it was taken, to allow the corresponding
streamflow to be obtained from the downstream flow gaging station (USGS No. 14316700)
and scaled to the drainage area at Steamboat Falls. Photographs show a range of
streamflows at Steamboat Falls between roughly 32 cfs and 744 cfs. These captioned
photographs are provided towards the end of Appendix A.

From the photographs, it appears that at streamflows above roughly 100 cfs, a substantial
amount of water goes over the falls to the north and does not reach the fishway headwater
pool (Photograph 19 Appendix A). Additionally, the water level in the creek immediately
upstream of the fishway is sufficiently high to begin overtopping a bedrock outcrop,
allowing water to flow onto the upstream end of the fishway roof. At about this same
streamflow, the headwater pool begins to overtop the fishway roof near the spillway,
allowing flow to sheet across the roof and plunge into the pool at the fishway entrance.
From the photographs, it appears that once streamflow is at above roughly 150 cfs, nearly
half the flow bypasses the headwater pool on its route over the falls (Photograph 20
Appendix A). There is a gap in the photographs from 150 cfs and 400 cfs. At streamflows
of 400 cfs and above, there is considerable flow over the spillway and adjacent bedrock falls,
as well as plunging over the downstream edge of the fishway roof (Photographs 21 through
26 Appendix A). Additionally, the tailwater pool below the spillway appears to be extremely
turbulent.

Interpretation of conditions at these flows provided insight into the following areas:

e The headwater pool level remains relatively unchanged with
increasing streamflows above 100 cfs

e Water flowing across the upstream end of the fishway roof at
streamflows of 120 cfs and greater prevents access to the fishway for
inspection and maintenance until late spring or early summer (also
See Section 5.4.2)

e Fish distraction or confusion could be created by the plunging flow
from the fishway roof into the tailwater pool at the fishway entrance
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e At flows of 450 cfs and greater, turbulence in the tailwater pool from
the flow over the spillway and falls may make it difficult for fish to
get close enough to the fishway entrance to locate it.

The photographic interpretation also showed that little to no flow is conveyed over the
northern portion of the falls at flows of 450 cfs and lower (Photograph 23 Appendix A).
Flow that does go over the northern portion of the falls comes from water spilling out of the
bedrock pool immediately upstream of the fishway headwater pool.

5.3 Fishway Hydraulics

5.3.1 Measured Fishway Hydraulics

On July 20, 2009, as part of the field measurements, the water surface profile within the
fishway was measured using a stadia rod. The fishway floor, with and without sediment, and
the water surface were measured relative to the elevation of the fishway roof. Elevation of
the roof was then surveyed with a total station on the following day. These measurements,
and resulting water surface drops and EDF were used to verify the original design and as-
built drawings and to calibrate the hydraulic modeling for the existing fishway.

The fishway flow and flow over the spillway were estimated from the water surface profile
and validated using the recorded houtly streamflow at the downstream USGS gage. The
approximate flows through the fishway and over the spillway on July 20, 2009 were 26.4 cfs
and 5.0 cfs, respectively. Measurements showed the water surface drop over each weir
varied considerably, ranging from 0.6 feet to 2.9 feet (Figure 5-4). Five of the pools had
minimum depths less than 2 feet. EDF in the pools was extremely high, exceeding 8 ft-
Ib/s/f'in 9 of the pools. The high EDF is a result of the large water surface drops into the
pools and reduced pool volume from sedimentation.

The variability in water surface drop and EDF arises from (1) large cobbles plugging the
bottom of some of the slots, (2) the inconsistent plugging of the orifices, and (3) loss of pool
volume from sedimentation causing kinetic energy to be carried to the next downstream
pool rather than being dissipated.

5.3.2 Modeled Fishway Hydraulics

Summary of Hydraulic Modeling Methods

The fishway performance was evaluated through a range of flows using hydraulic modeling.
A numerical model for predicting fishway hydraulics was developed for this project using
standard methods (Love and Bates, 2009; Bates 2001; Bates and Love, 7 press). The model
was set up in a spreadsheet and the built-in solver was used to iterate a solution.

Flow through slots and orifices were modeled using standard discharge coefficients
(Rajaratnam, 1992). The weirs were modeled assuming a sharp-crested horizontal weir.
Discharge over the weirs was adjusted to account for submergence by the downstream pool,
when applicable (Villemonte, 1947). Flow through slotted Weirs 6-18 was assumed to be
uniform (equal water surface drops between weirs) and out of the influence of the tailwater
pool, while water surface drops through Slots 19 and 20 and the exit ports were individually
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calculated and varied with flow. Welir coefficients were verified based on field measurements
of the existing fishway dimensions and hydraulic conditions (See Section 5.3.1).

Computations neglected sedimentation within the bays between weirs and within the exit
channel. Flow over the spillway was estimated assuming it functions as a broad crested weir
during fish passage flows. The same spreadsheet model was also used to develop and
evaluate proposed modifications to the existing fishway (Alternative A).

Modeled flows included a range of streamflows from 21.4 cfs to 200 cfs. The lower value
encompasses the lower end of flows during the fish migration season. The higher value
corresponds to when the roof is overtopped. Once the flow begins sheeting across the
fishway roof, the headwater pool level and fishway flow remain relatively constant. This is
beneficial for extending the operational flow range for a fishway, but limits the flow and
turbulence available in the fishway to scour and transport sediment.

Model results included water surface drops, minimum pool depths, velocity through slots,
EDF in each bay, headwater elevation, and attraction flow (Table 5-1 and Table 5-2). Model
input and results for existing conditions are provided in Appendix G.

Predicted Fishway Hydranlics

The hydraulic model demonstrated that the existing slotted weirs within the fishway fail to
meet current fish passage standards at all flows evaluated. At fishway flows below 25 cfs, the
minimum depth in each pool, neglecting sedimentation, falls below the ODFW
recommended 2 feet. At all flows evaluated, the EDF, a measure of the turbulence, exceeds
the recommended maximum of 4.0 ft-Ib/s/ft’. The model predicted velocity through each
slot is consistently 4.8 ft/s and the water surface drop across each weir is 1 foot, which
satisfies ODFW and NMFS NW criteria. Above 32.2 cfs, the flow depth exceeds the height
of the slots and flows begin to spread out on the weirs. For the flows evaluated, flows
within the fishway were greater than 10% of total stream flow, thus the ODFW attraction
flow criteria is met.

At a low streamflow of 21.4 cfs, close to the lowest flows expected to occur at Steamboat
Falls, the headwater pool level is about 8 inches below the spillway and all of the streamflow
enters the fishway (Table 5-2). At a streamflow of about 25 cfs (the 95% annual exceedance
flow) water begins to flow over the spillway. At a streamflow of 140 cfs, 32.2 cfs is

conveyed in the fishway and the EDF between the slotted weirs is at its lowest value, of 6.0
ft-1b/s/ft.

At higher streamflow, water begins going over the falls to the north, and does not reach the
headwater pool. This spilt in flow makes estimation of total streamflow more difficult (See
Section 5.2). The amount of flow entering the headwater pool was estimated based on
photographic observations and iterative computations of headwater pool elevation, fishway
flow, weir flow over the spillway and total stream flow. When the fishway flow is about 32.2
cfs, the calculated flow going through the headwater pool is 89 cfs and the total streamflow
is approximately 140 cfs. At this flow, the headwater pool is sufficiently high enough to
overtop the fishway roof and plunge across the fishway entrance. This could create a
distraction for fish attempting to locate the entrance.
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Table 5-1. Predicted performance for existing Weir 1 through Weir 18, neglecting
sedimentation. Italicized values fail to meet the ODFW fish passage criterion.

Fishway Flow 21.4 cfs 25.1 cfs 28.6 cfs 32.2 cfs 33.6 cfs
DepthinBay 2.5 ft 3.0 ft 3.5 ft 4.0 ft 4.1t
Upstream of Slot
Minimum Water Depth 15ft 20ft 2.5 ft 3.0 ft 3.1t
in Bay
EDF (total fishway flow) | 7.0 ft-Ib/s/ft® | 6.5 ft-Ib/s/ft’ |6.2 ft-Ib/s/ft’ | 6.0 ft-Ib/s/ft’ |6.1 ft-Ib/s/ft’

! Water velocity through the vertical slot is 4.8 ft/s at all fishway flows.

Table 5-2. Predicted performance of existing fishway exit and headwater pool.
Italicized values indicate conditions that do not meet ODFW fish passage criterion.

Total Streamflow 214 cfs 25.1 cfs 47cfs 140 cfs* 200 cfs*
Z::Z:::Itzvrvgggfrmg 21.4 cfs 25.1 cfs 47 cfs 85 cfs 109cfs
Fishway Flow 21.4 cfs 25.1 cfs 28.6 cfs 32.2 cfs 33.6cfs
Headwater Elevation 89.2 ft 89.8 ft 90.5 ft 91.2 ft 91.4 ft
Streamflow in Fishway 100% 100% 61% 38% 17%
Exit Port & Receiving Pool:

Water Surface Drop 0.29 ft 0.39 ft 0.52 ft 0.65 ft 0.71 ft

Velocity through Ports 2.7 ft/s 3.1ft/s 3.6 ft/s 4.0 ft/s 4.2 ft/s

Minimum Pool Depth 3.9ft 4.4 ft 5.0 ft 5.5 ft 5.7 ft

EDF

0.8 ft-Ib/s/ft*

1.1 ft-b/s/ft>

1.5 ft-Ib/s/ft>

2.0 ft-Ib/s/ft>

2.2 ft-lb/s/ft®

Slot 20 & Receiving Pool:
Water Surface Drop
Velocity through Slot
Minimum Pool Depth
EDF

0.58 ft
3.7 ft/s
3.3 ft
2.4 ft-Ib/s/ft®

0.61 ft
3.8 ft/s
3.8 ft
2.6 ft-Ib/s/ft*

0.63 ft
3.8 ft/s
4.3 ft
2.7 ft-Ib/s/ft?

0.66 ft
3.9 ft/s
4.8 ft
2.8 ft-Ib/s/ft*

0.68 ft
4.0 ft/s
5.0 ft
3.0 ft-lb/s/ft*

Slot 19 & Receiving Pool:
Water Surface Drop

0.80 ft 0.82 ft 0.83 ft 0.85 ft 0.87 ft
Velocity through Slot 4.3 ft/s 4.4 ft/s 4.4 ft/s 4.4 ft/s 4.5 ft/s
Minimum Pool Depth 2.5 ft 3.0ft 3.5ft 4.0 ft 4.1 ft
EDF 4.5 ft-Ibo/s/ft’ | 4.4 ft-Ib/s/ft’ | 4.4 ft-Ib/s/ft’ | 4.4 ft-Ib/s/ft’ | 4.7 ft-Ib/s/ft’

! Total streamflow is estimated assuming a portion of the streamflow bypasses the headwater pool at

streamflows greater than approximately 100 cfs.
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The hydraulics through the exit ports and vertical slots in the exit channel (Slots 19 and 20)
were examined in detail (Table 5-2). Most notable is that the water surface drops across the
exit ports and Slot 20 and resulting EDF are relatively low. For example, at an approximate
streamflow of 200 cfs, the EDF is only 2.2 ft-Ib/s/ft’ downstream of the exit ports due to
the small drops and deep water in these pools.

5.4 Sedimentation

Sedimentation is an ongoing issue at the Steamboat Falls fishway. Sediment has filled the
headwater pool near the AWS intake and is jamming the sluice gate. Each winter,
sedimentation within the exit channel frequently leads to the complete plugging of the
tishway, blocking fish passage until it is cleaned. When operational, coarse sediment clogs
the slots and orifices in the fishway weirs and reduces volume of the pools in the bays
between the weirs, which increases turbulence.

5.4.1 Entrainment of Sediment into the Fishwa

At fish passage flows, water enters the headwater pool perpendicularly to the exit ports.
This results in a strong jet that passes across the face of the exit ports and into the fishway
wall. The jet sours the headwater pool in front of the exit and prevents any sediment
buildup in this area, but sediment accumulates in other parts of the headwater pool (Section

5.4.4).

A substantial amount of coarse sediment still enters the fishway through the exit ports. It is
difficult to predict the flow patterns in the headwater pool during sediment transport events,
which likely occur at streamflows exceeding 4,500 cfs (See Section 3.3.2). However, one
primary factor leading to entrainment of coarse sediment through the fishway exit ports is
likely related to their elevation. Within the headwater pool, the most direct route for coarse
sediment in transport at the bottom of the water column is through the exit ports, which are
3 feet lower than the spillway crest and one foot above the pool bottom. The turbulence in
the pool likely keeps sediment entrained and eddies push it into the exit ports.

5.4.2 Sedimentation in the Fishway Exit Channel

Sedimentation within the fishway leads to excessive deposition and regular plugging of the
vertical slots in the exit channel. Inflow becomes blocked by the sediment and the fishway
becomes inoperable.

The sedimentations appears to first built up in the bay between Slots 19 and 20, and then in
the bay between the exit ports and Slot 20. Some of the cobbles are greater than 18 inches
in length, as measured along their longest axis. It is also common for small woody debris to
partially plug the slots. This likely causes backwatering upstream of the plugged slot that
leads to sedimentation of the upstream pool. Water is unable to flow into the exit ports and
Slot 20 at normal fish passage flows once the top of the deposited sediment is above the
normal elevation of the headwater pool.

The fishway becomes blocked by sediment and debris within the exit channel on nearly an
annual basis. ODFW and volunteers regularly clean out the fishway in the late spring or
early summer, once water stops flowing across the fishway roof and conditions become safe
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to enter the fishway. Table 5-3 lists the cleanout dates for 2001 and 2005 through 2009,
along with the approximate streamflow at Steamboat Falls during the cleanout. The highest
flow that the cleanout was conducted was 121 cfs, which coincided with a small amount of
water flowing over the fishway roof. The average flowrate that cleanout occurred was 84
cfs. This relatively low flow is generally exceeded continuously from mid-December
through mid-June, preventing fishway maintenance during the winter months.

Table 5-3. Date and streamflow when
sedimentation was cleaned out of the fishway.

Daily Ave. Flow?*

Clean Out Date (cfs)
6/18/2009 85 cfs

7/1/2008 121 cfs?
6/20/2007 61 cfs
7/3/2006 65 cfs
6/24/2005 98 cfs
6/13/2001 71 cfs
AVERAGE: 84 cfs

! Daily average streamflow from USGS NO. 14316700,
scaled to drainage area at Steamboat Falls.

% Water flowing over upstream end of fishway roof

5.4.3 Sedimentation between Fishway Weirs

Once the exit channel is cleaned out, flow in the fishway scour and transport much of the
sediment between the Weirs 6 and 18. However, problems with sediment within the fishway
persist.

During the July 20, 2009 site visit, the bays between Weir 6 and the entrance were nearly
filled with sediment, likely from a backwatering effect from the tailwater pool. These weirs
are not slotted, and retain much more sediment than the slotted weirs. There was also
considerable amount of sedimentation throughout the exit channel and in the turnbays (Bays

A, H, and M).

Over half of the orifices at the base of the weirs were plugged with coarse sediment.
Additionally, two of the slotted weirs had large cobbles jammed across the bottom of the
slots. The bays directly between the slots were relatively clear of sediment, but contained a
substantial amount of coarse sediment in line with the slots. The result of this sedimentation
was varying drops between weirs and increased turbulence in some pools.

5.4.4 Sedimentation in Headwater Pool

The headwater pool floor slopes downward towards the sediment sluice pipe inlet. Looking
upstream through the pipe, it is apparent that the sluice gate is about half open but
completely jammed with sediment (Figure 5-3). Additionally, the actuator to open and close
the sluice gate is damaged and inoperable. It is not clear if ODFW left the gate “cracked”
open during the winter to sluice incoming sediment but was overwhelmed by the delivery
rate, or if they attempted to open it once sediment was deposited in front of the gate and it
got jammed.
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The top of the sediment within the headwater pool is currently approximately 5 feet below
the spillway and covers the lower portion of the AWS intake, which is sealed shut. The
sediment level is likely at a quasi-equilibrium state, fluctuating a small amount on an annual
basis. The flow velocities into the headwater pool and resulting turbulence during large
flows probably prevent sediment from further filling-in the pool.

5.5  Repairs to the Existing Fishway

This study did not include a detailed structural assessment of the existing fishway structure
to determine locations for specific repairs. Rather, a general structural inspection was
conducted and recommendations were provided by the project’s geotechnical engineer, Bill
Galli P.E. with The Galli Group.

In general, the fishway appeared in good condition. As mentioned above, the sluice gate is
damaged and inoperable and there is some leakage through the steel plate on the AWS
intake that can cause injury to fish and lamprey ammocoetes. Minor areas of spalled
concrete were observed inside the fishway, and some leakage through joints in the concrete
between the upper and lower levels was noted. A considerable amount spalling and scoured
concrete was observed in the headwater pool and on the spillway, exposing the underlying
rebar and steel matting.

The geotechnical report prepared by The Galli Group (Appendix E) recommended several
items to inspect and repair as necessary to increase the service life and structural integrity of
the fishway. These recommendations include inspection of the bedrock stability near the
structure, inspection of the bolting of the fishway to the bedrock, repairs of spalled/scoured
concrete, and inspection of the tailwater pool to ensure that scour has not undermined the
fishway structure. Any indentified repairs should be implemented in conjunction with the
modifications proposed in this study.
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Figure 5-1. Plan view of the existing concrete fishway at Steamboat Falls.
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6 Alternative A: Modifications to Existing Fishway

Alternative A involves modifications to the existing fishway at Steamboat Falls to improve
its performance. Alternative A modifications have been divided into three levels. Level 1
focuses on improved sediment routing through the fishway and improved fish passage
hydraulics. Level 2 aims at reducing the amount of sediment entering the fishway. Level 3
increases fish attraction to the fishway entrance by re-establishing the auxiliary water system

(AWS).

Level 2 modifications assume Level 1 is also implemented, and Level 3 assumes both Level 1
and Level 2 are implemented. Improvements associated with each level are identified in
Figure 6-1. Modifications are categorized by level based on the certainty of their anticipated
performance, benefit, and cost. At each increasing level, the benefit-cost ratio and certainty
of performance decreases.

Because this is a retrofit of an existing fishway, there are numerous physical limitations
imposed by the existing structure that make meeting existing agency criteria infeasible.
Alternative A improvements are evaluated relative to existing ODFW and NMEFS NW
criteria as well as to the degree that conditions are improved relative to existing.

To minimize dewatering and fish removal costs, construction of Alternative A is suggested
to occur during low streamflow periods after a majority of the summer steelhead have
migrated upstream. These conditions typically occur during the months of July through
early October. Some steelhead are anticipated to arrive at the falls during the latter part of
construction and will likely hold in the large pool below the falls until the construction is
completed. However, elevated water temperatures in the tailwater pool may necessitate
relocating late arriving steelhead to more suitable holding habitat during construction.

6.1 Level 1 Modifications (Alternative A-1)

Level 1 modifications focus on improving:

(1) fish passage hydraulics within the bays between the existing slotted weirs,

(2) sediment routing through the lower five bays nearest to the fishway entrance,

(3) sediment routing through the exit channel between the exit ports and Weir 18,

(4) access for maintenance into the fishway during higher flows, and

(5) fishway entrance conditions by reducing distraction flows originating from atop the
tishway roof.

The following Sections describe each modification and their predicted effect on fishway
performance. The hydraulic model developed to assess performance of the existing fishway
(See Section 5.3.2) was used to develop, evaluate, and refine each proposed modification.
The results are presented in detail in Appendix H and summarized in the following
sections.
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6.1.1 Modify Weirs 1-18

Modifications to the weirs include plugging the existing orifices in the weirs with concrete,
cutting slots into the lower five weirs to match the other slotted weirs, and adding a 1 foot
tall sill to the bottom of each slot (Figure 6-2). These modifications will improve fish
passage hydraulics throughout and transport of sediment within the lower portions of the
tishway.

Weir Orifices

Each of the weirs in the fishway has a small (12 inch wide by 8 inch tall) single orifice that
would be plugged with concrete to eliminate problems resulting from jamming with cobbles.
Currently, the proportion of the fishway flow going over each weir and through the slot
varies depending on if the orifice is plugged, partially plugged or open. This results in
variable pool depths and water surface drops from weir to weir. When unplugged,
approximately 3.3 cfs is conveyed through each orifice.

Orifices are commonly used to improve pool and weir fishway hydraulics and sediment
transport. However, the need for the orifices was eliminated when slots were cut into the
weirs in 1985 and the orifices are no longer necessary. Gates to close off the orifices, as
shown in the original design drawings (Appendix B) are no longer present, therefore we
recommend plugging the orifices.

Weir Slots

Vertical slots would be cut into the lower 4 weirs (Weirs 2-5) at the fishway entrance. The
vertical slots would have identical dimensions to those cut into Weir 6 through Weir 18
during the 1985 fishway modifications. The vertical slots will be located 0.5 feet from the
wall, 1.5 feet wide, and extend down 4 feet, to the fishway floor.

Adding slots in the weirs will reduce sediment deposition in the lower bays. Currently, the
bays between these weirs are completely filled with sediment, likely due to backwatering by
the tailwater pool during large flows and a lack of slots to allow sediment movement. The
upstream weirs, which have slots, are able to transport sediment much better, as evidenced
by the limited deposition.

Stot Sills

A one-foot high steel sill plate will be installed at the bottom of each vertical slot at Weirs 2-
18. This will reduce the effective height of the slot to 3 feet. The sill will increase water
depth in each bay by one foot and significantly reduce turbulence in the pools.

The sill would be constructed of a steel plate fastened to the downstream face of the weir.
Grout would be used upstream of the plate to form a ramp that facilitates sediment
transport. For Weir 18, the sill height will only be 0.5 feet to maintain an adequate water
surface drop that improves sediment transport within the exit channel.

Entrance Weir (Weir 1)

The entrance weir crest (Weir 1) is currently lower than the summer tailwater pool level, and
produces no drop or jet at the entrance to help attract fish. To improve attraction, the
entrance weir will be slotted with the same dimensions as Weirs 2-5. Additionally, the weir
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crest will be raised 2 feet (Figure 6-2) to generate a drop across the entrance and to create a
jet of streaming flow into the tailwater pool at varying tailwater levels.

6.1.2 Modify Fishway Exit Channel

The fishway exit channel consists of a level fishway floor extending from the exit ports to
Weir 18. Within this section of the fishway, Weirs 19 and 20 are walls that were retrofitted
in 1985 with 1.5-foot wide vertical slots that help regulate the fishway flow as the level in the
headwater pool changes (Figure 6-3). This area is prone to severe sedimentation on an
annual basis, which routinely blocks flow from entering the fishway and effectively makes it
inoperable until the sediment is manually cleaned out by ODFW personnel and volunteers in
late spring or early summer (See Section 5.4.2). Unlike the downstream slotted weirs, these
slots extend to the roof. Once plugged, fish passage is completely blocked. The suspected
causes of sedimentation between the vertical slots is clogging of the slots (including the slot
in Weir 18) with small debris and cobbles, along with insufficient turbulence and scouring
(low energy dissipation) in the pool immediately downstream of the exit ports.

To reduce sedimentation in the exit channel and keep the fishway functional in the event of
debris clogging and sedimentation, the two vertical slots in Weirs 19 and 20 would be
demolished and replaced with concrete slotted weirs. Weir 19 would be 4 feet tall with a 1.5
foot wide by 4-foot tall slot through the center of the weir. Weir 20 would be 4.5 feet tall
with a 1.5 foot wide by 3.5-foot tall slot through the center of the weir. The shape of the
new slotted weirs will allow water to continue flowing (at a reduced rate) over the weirs in
the event the slots become clogged with debris and sediment. This will improve conditions
by providing for limited passage through the fishway when currently all passage would be
blocked.

The fishway floor would be raised 1-foot between the fishway exit ports and Weir 19 to
increase water surface drops and decrease the pool volume, thus increasing scour (Figure
6-3). A grouted ramp and 1-foot steel sill plate mounted at the bottom of the slot in Weir 20
would maintain adequate pool volume and regulate flow into the fishway. A ramp and plate
is not necessary at Weir 18 because of the raised fishway floor at this location.

A new access ladder will be included on the left side of Weir 20, replacing the existing access
ladder. To fit the access ladder and maintain sufficient weir length requires re-locating the
ladder approximately 2 feet towards the wall from where it is currently located. To access
the ladder, the existing hatch opening needs to be widened by 2.5 feet. A new 6-foot by 5-
foot prefabricated aluminum hatch cover will be installed to accommodate this larger
opening.

6.1.3 Construct Upstream Training Wall

At streamflows above approximately 100 cfs, water overtops the existing bedrock
immediately upstream of the fishway, allowing water to sheet across the fishway roof and
access hatch near the fishway exit. Accessing the fishway to perform maintenance during
these conditions is extremely hazardous. Streamflow typically remains above 100 cfs
throughout most of the winter and spring, which prevents ODFW from cleaning sediment
out of the fishway until late spring or early summer.
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A five-foot tall training wall would be built across the upstream edge of the fishway (Figure
6-1). The training wall will butt-up against and protrude 1 to 2 feet above the bedrock
outcrop that currently blocks lower flows from sheeting across the fishway roof. The
training wall will shunt flows from upstream into the headwater pool, keeping them from
sheeting across the fishway roof. This will keep the fishway roof dry and allow ODFW
personnel safe access to the fishway hatches during baseflow conditions throughout the
entire year, facilitating inspection and maintenance. The upstream face of the new training
wall should conform to, and be doweled into, the existing bedrock outcrop. This should

provide adequate strength to withstand forces associated with large floods and associated
debris.

6.1.4 Install Fishway Roof Curb

At streamflows above approximately 85 cfs, the level of the headwater pool at the spillway is
elevated sufficiently for water to sheet across the downstream end of the fishway roof and
plunge into the pool at the entrance. This plunging flow is suspected of creating a
distraction that may interfere with attracting fish to the fishway entrance.

A curb would be constructed that has a level crest and runs on top of, and along, the outer
wall of the fishway (Figure 6-1 and Figure 6-4). At the location of the existing spillway, the
curb would be one-foot tall (top of curb elevation of 92.0 feet). With the new curb, water at
the spillway would be prevented from flowing over the fishway roof until streamflow well
exceeds 300 cfs. Conditions at high flows are difficult to quantify given the large proportion
of water that goes over the falls upstream of the headwater pool during these flows.

6.1.5 Decommission and Plug Sluice Pipe

The existing sediment sluice pipe that discharges at the base of the spillway is inherently
prone to plugging with sediment, as indicated by its current condition (See Section 5.4.4).
Additionally, the existing actuator for the Waterman slide-gate at the sluice pipe inlet is
damaged and nonfunctional. The sluice pipe would be permanently plugged with concrete
and the slide-gate and operator would be removed (Figure 6-4).

6.1.6 Seal AWS Intake (except with Level 3 Modifications)

If Level 3 modifications to restore the auxiliary water system (AWS) are not implemented,
the AWS intake should be completely sealed-off with a steel plate, such that no water is able
to leak through the plate (Figure 6-1). Elimination of the leakage will eliminate the risk of
impinging juvenile fish and lamprey ammocoetes.

6.1.7 Fish Passage Performance for Level 1 Modifications

The proposed Level 1 modifications to the weirs and fishway floor in the exit channel are
designed to self-regulate flow into the fishway with changing levels in the headwater pool.
The proposed modifications for Weirs 2 through 17 will increase water depth and decrease
turbulence (as measured by the Energy Dissipation Factor, EDF, See Section 4.2) within the
fishway. Hydraulic calculations indicate that fish passage conditions within the fishway will
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be substantially improved with the proposed Level 1 modifications. The results of the
hydraulic calculations are summarized in Table 6-1 and Table 6-2.

Definition of Operational Fishway Flows and 1.ow and High Passage Streamflows

At the Steamboat Falls fishway, only a portion of the total streamflow is conveyed in the
fishway. The “operational fishway flows” refers to the range of flows conveyed in the
fishway that provide fish passage, and are defined by the lower and upper fishway flow. The
“low passage streamflow and “high passage streamflow” defines the range of streamflows in
Steamboat Creek in which the fishway is operable. The low and high passage streamflows
coincide with the lower and upper fishway flows.

Lower Fishway Flow

For evaluation purposes, a fishway flow of 18 cfs was designated as the lower
operational flow for the fishway. Based on the flow record, this is close to the lowest
flows believed to occur at Steamboat Falls (See Section 3.3). At this fishway flow, minimum
water depth in each bay between the modified weirs would be about 2.5 feet and the EDF
would be 3.9 ft-1b/s/ft’, which satisfy ODFW fishway criteria. For comparison, under
existing conditions the same fishway flow results in a minimum water depth in each bay of
1.1 feet and EDF of 7.6 ft-1b/s/ft.

Upper Fishway Flow

The upper fishway flow was set based on the headwater pool level and Level 1
modifications. At fishway flows above 36 cfs, the headwater pool begins to overtop the new
curb and sheet across the fishway roof, reducing fish attraction at the fishway entrance. For
the purposes of evaluating the performance of modified fishway, the upper
operational fishway was set at 36 cfs.

At the upper fishway flow of 36 cfs, the overall EDF in each bay is 5.7 ft-Ib/s/ft’. For
comparison, the same fishway flow under existing conditions results in an overall EDF of
6.3 ft-b/s/ft’, with all of the flow conveyed in the slot.

Operating Headwater Pool 1 evels and Exit Channel

With Level 1 modifications to the exit channel, the water surface in the headwater pool
ranges between elevations 90.0 feet (elevation of the spillway crest) at the lower fishway flow
of 18 cfs and 92.0 feet (top of new fishway roof curb) at a fishway flow of 36 cfs (Table 6-2).
At higher fishway flows, the headwater pool overtops the fishway roof curb and water
begins to sheet across the fishway roof.

Evaluation of Turbulence

The modified slot in each weir becomes full at a fishway flow of about 22 cfs. At this flow
the minimum water depth in each bay is 3.0 feet and the EDF is at the recommended
ODFW threshold of 4.0 ft-Ib/s/ft’. At the upper fishway flows, the EDF rises to 5.7 ft-
Ib/s/ft’, greater than the recommended ODFW threshold. At any given fishway flow,
reducing the EDF requires increasing the pool volume. Further increasing the proposed sill
height in the slot would accomplish this to some extent, but would compromise the ability
of the fishway to transport sediment. Increasing the width or length of the pools is not
practical within the existing fishway.
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Even though the turbulence is high, summer steelhead still readily traverse the fishway and
successfully reach the upstream channel in large numbers (Table 3-1). The effect of
turbulence on passage is not just a function of the overall EDF, but of the shape and volume
of the pools and where in the pool turbulence occurs relative to the migration pathway (i.e.
does the fish have to swim through the turbulence to ascend the fishway). Given that the
current EDF between the slotted weirs within the fishway is always above 6 ft-1b/s/ft’ and
fish still readily pass through it, a reasonable assumption is that summer steelhead can pass
through or over the slotted weirs at EDF values greater than 4.0 ft-b/s/ft’.

With Level 1 modifications, at fishway flows greater than 22 cfs water will begin to spill over
the horizontal weir crest. At this same flow, the EDF reaches 4.0 ft-Ib/s/ft’. Once flow
overtops the weir, fish will be able to leap or swim over the weirs rather than swimming
through the slot. Under both current and proposed conditions, most of the turbulence is
focused on the left side of each bay (looking upstream). Most of the turbulence that does
exist along the right side of the bay originates from the flow plunging over the weir rather
than the jet discharging from the slot.

By assuming that most of the energy from the slot flow is dissipated as turbulence in the left
side of each bay, close to the slot, then the turbulence in the right side of the bay is generated
from the plunging flow over the weir and can be calculated separately. The EDF calculated
for the right side of the bay is more representative of the turbulence fish would encounter
when fishway flows are above 22 cfs and they are able to swim or leap over the weirs rather
than having to swim through the slots. Using this method, the EDF in the right side of the
bay ranges from 0.3 to 1.6 ft-Ib/s/ft’, well below the ODFW and NMFS NW threshold.

Low and High Passage Streamflows

With the addition of the curb on the fishway roof and modifications to the weirs and exit
channel, the operational fishway flow range is 18 cfs to 36 cfs, and the corresponding
streamflows entering the headwater pool range between 21 cfs and 213 cfs (Table 7-2). At
streamflows above approximately 100 cfs, a substantial amount of the water goes over the
falls upstream of the headwater pool, and is not accounted for in these model results. From
photographs of the falls, it appears that at flows above roughly 150 cfs, half or more of the
streamflow bypasses the headwater pool (See Section 5.2). Based on this, the total
streamflow is approximately 400 cfs when the streamflow entering the headwater pool is 213
cfs. Therefore, the fishway is predicted to function at operational fishway flows (18
cfs to 36 cfs) when streamflows range between 21 cfs and about 400 cfs.

The low passage streamflow of 21 cfs is close to the lowest flow predicted to occur at
Steamboat Falls (approximately the 99 percent annual exceedance flow, See Section 3.3.1),
making the modified fishway suitable for fish passage throughout the summer. The high
passage streamflow at Steamboat Falls of 400 cfs is exceeded about 35 percent of the time
throughout the year, and about 65 percent of the time during December through April. This
falls far below the ODFW and NMFS NW criteria, which recommend using the 5 percent
exceedance flow of 1,684 cfs for the migration period (See Section 3.3.1). However, the
Level 1 modifications substantially increase the amount of time throughout the year that
passage would likely be suitable for adult winter and summer steelhead and Chinook salmon.
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Table 6-1. Predicted fishway performance between Weir 1 and Weir 17 with Level 1
modifications'. Italicized values fail to meet the ODFW fish passage criterion.
Values in parenthesis indicate existing conditions.

Fishway Flow 18 cfs 22 cfs 25 cfs 30 cfs 36 cfs
Depth in Bay Upstream 3.5ft 4.0 ft 4.2 ft 4.4 ft 4.6 ft
of Slot” (2.1 ft) (2.6 ft) (3.0 ft) (3.7 ft) (4.2 ft)
Minimum Water Depth 2.5 ft 3.0ft 3.2 ft 3.4 ft 3.6ft
in Bay (1.1 ft) (1.6 ft) (2.0 ft) (2.7 ft) (3.2 ft)

. 3.9ftlb/s/ft® | 4.0 ft-lb/s/f’ | 4.4 ft-Ib/s/fE | 5.0 ft-Ib/s/ft | 5.7 ft-lb/s/ft

EDF (total fishway flow) | > o2\ e3) | (6.8 f-tb/s/i) (6.5 fetb/s ) | (6.1 fe-bys/e) |(6.3 feotbys )

o 0.9 ft-lb/s/ft’ | 1.6 ft-Ib/s/ft’

EDF (right side of ba N/A N/A 0.3 ft-Ib/s/ft’

(rig y) / / ft-lb/s/ (N/A) (N/A)

! Drop between Weirs 1-17 is 1.0 feet.
’Water velocity through the vertical slot is 4.8 ft/s at all fishway flows for both existing and proposed

conditions.

Table 6-2. Predicted performance of fishway exit with Level 1 modifications.
Italicized values indicate conditions that do not meet ODFW fish passage criterion.

Total Streamflow 21 cfs 47 cfs 72 cfs 250 cfs’ 400 cfs*
Streamflow Entering 21 cfs 47 cfs 72 cfs 130 cfs 213 cfs
Headwater Pool
Fishway Flow 18 cfs 22 cfs 25 cfs 30 cfs 36 cfs
Headwater Elevation 90.0 ft 90.6 ft 91.1ft 91.5 ft 92.0 ft
Streamflow in Fishway 86% 46% 35% 9% 12%
Exit Port & Receiving Pool:
Water Surface Drop 0.21ft 0.30 ft 0.39 ft 0.56 ft 0.81ft
Velocity through Ports 2.3 ft/s 2.7 ft/s 3.1ft/s 3.7 ft/s 4.5 ft/s
Minimum Pool Depth 3.8ft 4.3 ft 4.7 ft 5.0 ft 5.2 ft

EDF

0.5 ft-Ib/s/ft’

0.8 ft-lb/s/ft>

1.1 ft-lb/s/ft>

1.8 ft-lb/s/ft°

2.9 ft-lb/s/ft>

Weir 20 & Receiving Pool:
Water Surface Drop
Velocity through Slot
Minimum Pool Depth
EDF

0.80 ft
4.3 ft/s
3.0ft
2.5 ft-Ib/s/ft>

0.82 ft
4.3 ft/s
3.5 ft
2.6 ft-Ib/s/ft>

0.89 ft
4.3 ft/s
3.9 ft
2.6 ft-Ib/s/ft’

0.91 ft
4.3 ft/s
4.2 ft
3.0 ft-Ib/s/ft’

0.92 ft
4.3 ft/s
4.4 ft
3.4 ft-lb/s/ft>

Weir 19 & Receiving Pool:

Water Surface Drop 0.70 ft 0.72 ft 0.79 ft 0.86 ft 0.86 ft
Velocity through Slot 3.3 ft/s 3.8 ft/s 4.1 ft/s 4.3 ft/s 4.5 ft/s
Minimum Pool Depth 3.3 ft 3.8 ft 4.1t 43 ft 4.5 ft
EDF 3.0 ft-lb/s/ft® | 2.5 ft-lb/s/ft> | 2.7 ft-Ib/s/ft | 3.9 ft-Ib/s/ft> | 4.4 ft-Ib/s/ft
Weir 18 & Receiving Pool:

Water Surface Drop 0.80 ft 0.82 ft 0.89 ft 0.91 ft 0.92 ft
Velocity through Slot 4.3 ft/s 4.4 ft/s 4.5 ft/s 4.6 ft/s 4.6 ft/s
Minimum Pool Depth 2.5 ft 3.0ft 3.2ft 3.4ft 3.6ft

EDF

2.7 ft-lb/s/ft>

2.9 ft-lb/s/ft>

3.4 ft-Ib/s/ft’

4.0 ft-lb/s/ft

4.7 ft-Ib/s/ft

! Total streamflow is estimated assuming approximately half of the streamflow bypasses the headwater
pool en route over the falls at flows greater than approximately 100 cfs.
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Fish Attraction

Attraction to the fishway is influenced by the amount of flow discharging from the fishway
entrance relative to the total streamflow. At the lower fishway flow of 18 cfs and a
streamflow of 21 cfs, the fishway would convey about 86 percent of the total streamflow. At
the upper fishway flow of 36 cfs and a streamflow of 400 cfs, the fishway would convey
about 9% of the total streamflow. These conditions are close to meeting the NMFEFS NW
minimum criteria of 10% attraction flow.

Cutting a slot and raising the entrance weir (Weir 1) will create a hydraulic drop across the
entrance. The slot will ensure the flow is streaming, as recommended by NMFEFS NW. This
will produce a jet that penetrates the tailwater pool to aid fish in locating the fishway
entrance. The tailwater pool level is believed to range about 2 feet between the low passage
streamflow and the high passage streamflow. The drop across the entrance weir will vary
depending on the fishway flow and the level of the tailwater pool, but will generally be
between 0.3 feet and 1.5 feet (Appendix H). To better quantify the drop across the
entrance at varying streamflows would require an improved understanding of how the
tailwater pool level varies with streamflow and could be examined during the final
engineering phase of the project.

Sedimentation within the Exit Channel

Modifications to the exit channel will increase scour and sediment transport while still
meeting water surface drop criteria. Water surface drops across Weirs 18 through 20 range
from 0.80 feet to 0.92 feet at operational fishway flows (Table 6-2). These drop heights
would improve sediment scour, while still satisfying ODFW and NMFS NW maximum
water surface drop criteria of 1-foot. At higher flows, the drops across the exit ports and
Weirs 18 through 20 continue to increase, along with the turbulence and associated scouring
forces.

The slot at Weir 20 will inevitably clog with small debris during winter flows, leading to
sediment deposition between the exit ports and Weir 20. Sediment would likely build up to
the top of the new weir crest, which is at elevation 90.5 feet, approximately 0.5 feet higher
than the top of the existing exit ports. If the sediment or debris does not fully close-off the
exit ports, water will continue to flow over the crest of Weir 20 and through the fishway
when the headwater pool is above elevation 90.5 feet. With the slot in Weir 20 completely
clogged with debris and sediment, the fishway flow would reach 18 cfs when the headwater
pool elevation is at 91.4 feet, and would be about 26 cfs when the headwater pool reaches
elevation 92.0 feet and begins overtopping the fishway roof (assumes exit ports are free from
debris, refer to Appendix H for calculations).

Operations and Maintenance

There are no operational requirements associated with Level 1 modifications. Maintenance
should be reduced due to improved sediment transport within the fishway. However, it is
likely that sediment will still need to be cleaned out of the fishway to some extent on an
annual basis.

The addition of the training wall on the upstream end of the fishway roof will allow for
access to the fishway hatches to clean out sediment during higher flows than under current
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conditions. As a result, ODFW staff will be able to clean out the fishway earlier in the
spring, when summer steelhead first begin to arrive at Steamboat Falls, rather than having to
wait until late June or early July. By late June, large numbers of summer steelhead have
gathering in the pool below the falls, and many of the individual fish can become relatively
exhausted and injured from their repeated leaps at the face of the falls. It may be necessary
to install stoplogs in front of the exit ports, using the existing guides, to seal off some or all
of the flow and ensure a safe work area inside the fishway.

6.1.8 Anticipated Design Performance

Hydraulic Caleulations

The results of the hydraulic calculations assume that the bays and slots are not clogged with
sediment. Sediment deposition would change the results of the computations, including the
amount of flow in the fishway relative to streamflow and EDF in each bay, which is
dependent on pool volume.

The fishway hydraulic model relies on estimations of discharge coefficients, which can range
considerably with small changes to the shape of the slots, orifices, or weirs. Additionally,
sedimentation in the bays can change the discharge coefficient. Therefore, the hydraulic
results presented here are approximations and the actual fishway discharges may vary by as
much as 15 to 20 percent. Variation could be higher in the case of severe sedimentation or
debris clogging the slots.

Sedimentation

The Level 1 modifications will not reduce the amount of sediment entering the fishway.
Rather, the modifications attempt to improve transport of sediment within the exit channel
and maintain limited fish passage in the event that sedimentation continues to occur. There
is considerable uncertainty regarding the rate and flows at which coarse sediment is entrained
into the fishway and if the proposed modifications to the exit channel will be able to
transport the sediment. Additionally, there is some uncertainty to whether the sedimentation
immediately downstream of the exit ports could completely block flow through the ports
and into the fishway making the fishway inoperable at all headwater pool levels.

Concern may arise regarding the 1-foot tall sills placed at the bottom of the slots in Weirs 2
though 18 and 20 and the potential to exacerbate sedimentation within the bays. However,
with the ramp placed on the upstream side of the sill and given the slope of the fishway
floor, it is unlikely that they will increase sedimentation. The sills also increase the frequency
of flow plunging over the weir crest, which will help scour sediment from the pools and
away from the slots.

Flow Over Steamboat Falls and Fish Attraction

At higher streamflows, the flow patterns over Steamboat Falls is complex, with much of the
flow going over the falls before reaching the headwater pool. There is a considerable
amount of uncertainty regarding the magnitude of the total streamflow when only a portion
of the flow enters the headwater pool (Table 6-2). The total streamflow could be more or
less than the estimated 400 cfs at the upper fishway flow of 36 cfs, which would alter the
ratio of flow in the fishway to total flow used in evaluating fish attraction.
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The variability of the tailwater pool level with changes in flow is not well characterized. An
improved understanding of this relationship would better quantify the hydraulic drop across
the entrance at varying streamflows. This could be accomplished by installing a staff plate in
the tailwater pool and recording pool levels at varying flow conditions.

6.1.9 Cost and Constructability

The feasibility level cost estimate for Alternative A Level 1 modifications is $255,000. A
detailed breakdown of the cost estimate is provided in Appendix I.

Construction of Level 1 modifications will require the removal of streambed material present
in the fishway prior to construction. This work could be included in the construction
documents as a responsibility of the contractor, or conducted by ODFW prior to
construction. For the purpose of this conceptual design document and budgeting project
costs, the construction costs for Level 1 modifications includes the anticipated cost to
remove the deposited streambed material.

Once the deposited material has been removed from the existing fishway, the structure
would be drained and closed off by placing temporary stop logs in the existing guides at the
fishway entrance and exit ports.

Once the fishway structure is drained, modifications to the internal weirs can be completed.
This would include plugging the existing orifices with a non-shrink grout or concrete, saw-
cutting for reforming of the new vertical slots, and constructing the slot sills and ramps. The
modifications also include the demolition and removal of Weirs 19 and 20. Weirs 19 and 20
will be reformed per the concept plans and cast-in-place, along with the proposed slab at the
base of the two weits.

Level 1 modifications also include the construction of an upstream training wall, fishway
roof curb, and plugging of the existing sluice pipe. The volume of concrete necessary to
implement Level 1 is anticipated to justify the need for the concrete to be transported to the
site in a mixing truck, tailgated into a hopper at the terminus of the access road, and pumped
down to the fishway. Some mixing of concrete and grout onsite may be necessary for small
miscellaneous work.

To avoid detrimental effects on water quality, the fishway would need to be kept drained for
a minimum of 30 days after concrete installation to allow the concrete to fully cure. If
operation of the fishway is necessary in sooner than 30 days, a concrete sealant could be
applied to the finished surfaces that would minimize impacts to water quality during the
curing process.

Level 1 modifications also include the enlargement of the hatch opening and replacement of
the hatch cover over Weir 20. These modifications will require saw-cutting the concrete
roof structure to enlarge the opening to accommodate a new hatch cover. The proposed
hatch cover will consist of a double panel aluminum hatch with a recessed locking unit to
prevent unauthorized access and vandalism.
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The cost of any repairs was not included in the cost estimates. During the final engineering
and design phase, it is suggested that an assessment be conducted to identify and specify any
necessary structural repairs.

6.2 Level 2 Modifications (Alternative A-2)

Level 2 modifications focus on decreasing the amount of sediment entering the fishway and
increasing the range of streamflows the fishway operates. The changes focus on
modifications to the fishway exit ports and spillway at the headwater pool. Level 2
modifications assume that Level 1 modifications will be implemented and the hydraulics
within the fishway will be as described in Section 6.1.7.

To develop changes to the spillway configuration and evaluate resulting affects on fish
passage streamflows, the hydraulic model used to assess Level 1 modifications was updated
and used for the Level 2 modifications. The results are presented in detail in Appendix H
and summarized in the following sections.

6.2.1 Approach to Reducing Sediment Entering the Fishway

The two existing exit ports are 2 feet wide by 2 feet tall, and the bottom of each port is 3 feet
below the crest of the existing spillway of the headwater pool (Figure 5-3). This keeps the
ports submerged at all flows, which is beneficial for conveying sufficient flow into the
fishway and minimizing entrainment of floating debris. However, given the elevation of the
ports relative to the spillway crest, coarse sediment is much more likely to go into the
fishway rather than over the spillway.

Raising the exit ports and/or lowering the spillway crest would likely decrease the rate of
coarse sediment entrainment into the fishway while not changing flow patterns in the
headwater pool. However, it would cause the exit ports to become unsubmerged during
summer low flows, which would substantially decrease the amount of flow entering the
fishway and increase the risk of clogging with floating debris during low flow periods.
Additionally, a lower spillway crest would increase the water surface drop across the chute
that flows into the headwater pool, making it more challenging for fish to exit the headwater
pool during low flows. One means of overcoming these issues is to install manually
operated gates at the exit ports and on the crest of the spillway that would have a “winter”
setting for higher flows and a “summer” setting for lower flows.

6.2.2 Modify Exit Ports and Add Stoplog Headgate

The concrete at the top of each exit port would be saw-cut to make the ports 1 foot taller,
but maintain the same bottom elevation. A stoplog placed in the existing guides along the
face of the exit ports would be used to keep a 2-foot by 2-foot opening through each port
(Figure 6-4). In the fall a board would be placed in the bottom of the stoplog guides,
effectively raising the bottom elevation of the port by 1 foot, this should reduce the amount
of sediment entering the ports while keeping the fishway hydraulics the same as with Level 1
modifications. In late spring, a board supported on a 2-foot tall riser would be placed across
the top of the opening. In this setting, the ports would be the same as existing conditions.
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The use of the stoplogs in this manner is equivalent to a gate with a 2 foot by 2 foot opening
that slides up and down. The stoplog gates would be mounted on rigid steel frames
designed for easy removal. The same stoplog gate could be used for both the winter and
summer settings by simply removing it from the guides, flipping it end over end, and then
reinserting it.

These changes to the exit ports could be included in Level 1 modifications if reconstruction
of the spillway is not desired. However, without the Level 2 modifications to the spillway,
changes to the exit ports would not be as effective at reducing sediment entrainment into the
fishway. Fishway and spillway hydraulics and fish passage flows would be the same as
described for Level 1 modifications (See section 6.1.8).

6.2.3 Reconstruct Spillway with Flow Control

The spillway crest would be reconstructed with the concrete crest placed 1 foot lower than
the current spillway crest. The new crest would have a compound shape, with the lowest
part of the crest being 10 feet wide, then stepping up 2 feet on both sides, with a 15-foot
wide horizontal weir that extends to the fishway wall and a 5 foot wide horizontal weir the
extends to the north (Figure 6-5). A manually operated gate would be recessed into the 10-
foot wide spillway crest. The gate would be a hinged crest gate consisting of a single stainless
steel gate panel that hinges on a lateral torque bar recessed in the re-formed concrete
spillway. In the downward position, the gate would lay flush along the invert of the crest to
minimize bed material and debris accumulation. In the upward position, the top of the gate
would be 1 foot above the spillway crest. The gate would be manually actuated from the
fishway side of the spillway crest and would be designed to be operated by a single adult.
The gate would be lowered in the fall and raised in the spring. The exit port stoplogs would
be adjusted at the same time as the spillway gate to maintain design pool levels in the
headwater pool.

The operation controls for the gate would be located inside the fishway and would be
actuated using a removable handle inserted into the operator through a small hole in the
fishway roof. Access to the controls for maintenance would be through a new hatch in the
fishway roof.

The reconstructed spillway and new gate would be designed to maintain pedestrian access
across the spillway crest during summer months. The point of crossing the spillway would
likely be upstream of the raised gate. Velocities would be low but the water depth would be
roughly 1 foot deeper than under existing conditions.

6.2.4 Fish Passage Performance for Level 2 Modifications

Combined, these two modifications would place the bottom of the exit ports only 1 foot
(currently 3 feet) below the crest of the spillway and 2 feet (currently 1 foot) above the floor
of the headwater pool during winter operations, which would likely increase the amount of
coarse sediment going over the spillway rather than entering the fishway. During summer
operations, the headwater pool, exit ports, and spillway would function similarly to existing
conditions.
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Increases in the High Passage Streamflow

Hydraulics within the fishway would remain the same as with Level 1 modifications, aside
from improvements due to a decrease in sediment deposition in the exit channel. The
fishway flow associated with a given headwater level would be the same as with Level 1
modifications. The Level 2 modifications, when the spillway gate is set in its down-position,
would significantly increase the range of streamflows the fishway would be operational. The
streamflow entering the headwater pool would be approximately 282 cfs at the upper
operational fishway flow of 36 cfs (Table 6-3). Given that much of the streamflow bypasses
the headwater pool at these flow magnitudes, the actual high passage streamflow would like
exceed 600 cfs (25% annual exceedance flow).

Table 6-3. Predicted fish passage flows with Level 1 and 2 modifications.
Italicized values do not meet fish passage design criterion.

Headwater Pool Elevation 90.0 ft 90.6 ft 91.1 ft 91.5 ft 92.0 ft
Fishway Flow 18 cfs 22 cfs 25 cfs 30 cfs 36 cfs
Winter Operational Settings
Total Streamflow 52 cfs 94 cfs 150 cfs’ 400 cfs* 600 cfs*
streamflow Entering 52 cfs 94 cfs 128 cfs 198 cfs 282 cfs
Headwater Pool
Proportlc.)n of Total- Streamflow 35% 23% 17% 3% 6%
Discharging from Fishway
Summer Operational Settings
Total Streamflow 18 cfs 39 cfs 64 cfs 150 cfs* 400 cfs*
streamflow Entering 18 cfs 39 cfs 64 cfs 124 cfs 201 cfs
Headwater Pool
Proportion of Total Streamflow 100% 55% 39% 20% 9%

Discharging from Fishway

! Approximation of total streamflow. At streamflows greater than approximately 100 cfs, a substantial
proportion of the water flows over the falls upstream of the headwater pool.

The attraction flow at the fishway entrance does not correspondingly increase with the
increase in the high passage streamflow. Although Level 2 modifications increase the high
passage streamftlow from about 400 cfs to 600 cfs, the upper operational fishway flow
remains at 36 cfs. As a result, at the high passage streamflow the fishway would convey only
about 6 percent of the total flow, which is less than the NMFS NW recommended threshold
of 10 percent. In comparison, with only Level 1 modifications, the high passage streamflow
is about 400 cfs and the fishway conveys nearly 10 percent of the total flow.

With Level 2 modifications, the high passage streamflow of 600 cfs at Steamboat Falls is
exceeded about 25 percent of the time throughout the year, and about 40 percent of the time
during December through April. This falls far below the ODFW and NMFES NW high
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passage design flow criteria but would greatly increase the window of opportunity for adult
winter and summer steelhead and Chinook salmon to use the fishway.

Operations and Maintenance

The operational requirements associated with Level 2 modifications would involve two visits
to the site. These visits would occur once in the fall to set the exit ports and spillway gates
to their down position, and once in the summer to lower the spillway gate and raise the exit
port gates. Currently, ODFW performs maintenance on the fishway each spring to clean
sediment out of the exit channel. With Level 1 modifications, sediment cleanout would
occur eatrlier in the spring. Operational adjustments to the gates could occur during this
visit. Only one additional site visit, occurring in the fall before the onset of winter rains,
would be required by ODFW personnel to set the exit ports and operate the gates.
Personnel should be able to perform the gate operations in less than an hour.

6.2.5 Anticipated Design Performance

Hydraulic and sediment transport conditions within the fishway would remain the same as
with Level 1 modifications, aside from there potentially being less sediment deposition
because less sediment is entering the structure. Less sediment deposition would make
fishway hydraulics more closely match those predicted by the hydraulic model and would
increase the likelithood that the fishway would remain functional throughout the winter.

The main benefit of reducing the supply of coarse sediment into the fishway is to reduce the
risk of rapid sedimentation in the exit channel during large flow events, which could block
the exit ports and prevent sufficient flow from entering the fishway to transport the
sediment. However, areas throughout the fishway that remain prone to sedimentation due
to insufficient scouring forces will continue to experience sedimentation, even if sediment
supply is reduced.

It is extremely difficult to quantify the reduction in coarse sediment entrainment into the
fishway resulting from Level 2 modifications. Flow patterns in the headwater pool are
complex and change dramatically as streamflows increase. Additionally, the flows and rates
that coarse sediment enters the headwater pool are unknown. These complications make
modeling of sediment transport within the headwater pool infeasible.

Modifications to the spillway would increase the high fish passage streamflow to
approximately 600 cfs. However, based on photos of the falls at similar flows, fish may have
difficulty locating the fishway entrance. The flow over the falls creates considerable
turbulence throughout the tailwater pool. Fish must swim through the entire tailwater pool,
with its turbulent waters created by the falls, before reaching the fishway entrance. The flow
conveyed in the fishway is less than 10 percent of the total streamflow, further reducing the
likelihood that fish will find the entrance at these high flows.

The stoplog gate would be easy to operate and the opening could be modified, if needed.
The selected type of spillway gate is designed to withstand the environmental conditions
present at the site. The gate would be in its lowered positioned during the highest flows,
which keeps it out of the way of the water, sediment and debris traveling over the spillway.
The operational life of the gate would need to be considered, such that it has a similar
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lifespan as the reformed concrete spillway. Both would like need to be repaited and/or
replaced before the life of the existing concrete fishway is exhausted.

Fall Transition

Level 2 modifications assume the gates on the exit ports and spillway would be adjusted in
late fall, before the onset of persistent high flows. If a period of low flows (streamflow less
than 52 cfs) occur after the gates have been adjusted to their winter setting, the flow in the
fishway could be too low for passage. It the flows receded even lower, top of the exit ports
could become unsubmerged, increasing risk of plugging by small woody debris.

Risks Associated with an Inoperable Spilhvay Gate

There is a risk that at some point the proposed spillway gate could become inoperable and
repairs could not be made until the return of summer low flows. If the spillway gate became
stuck in the up-position when attempting to lower it in late fall, then the fishway would
function throughout the winter as described under Summer Operational Settings in Table
6-3. The main affect is that the high fish passage streamflow would be reduced to 400 cfs.

If the spillway gate became stuck in the down-position in the spring and summer the fishway
would operate as described under the Winter Operational Setting in Table 6-3. This would
raise the low fish passage streamflow from 18 cfs to 52 cfs. At summer streamflows lower
than 52 cfs, which often occur in July, August, and September, summer steelhead may be
unable to pass upstream due to insufficient flow in the fishway. Additionally, at lower flows
the top of the exit ports would no longer be submerged and could be more prone to
catching debris.

6.2.6 Cost and Constructability

Level 2 modifications can be implemented in addition to the modifications presented in
Level 1. The feasibility level cost estimate for implementing both Levels 1 and 2
modifications is $414,000. A detailed breakdown of the cost estimate is provided in
Appendix I.

Level 2 modifications include enlarging both fishway exit ports by saw-cutting and removing
the upper 1-foot of concrete above each port opening. The existing stoplog guides mounted
on the exterior of the fishway ports will continue to be utilized, however new stoplogs and
frames to accommodate the winter and summer positions depicted in Figure 6-4.

Level 2 modifications also include the re-construction of the existing concrete spillway and
addition of a new flow control gate. Several alternatives to providing flow control over the
spillway were explored to increase control of the water surface elevation in the headwater
pool during low flow periods. The best flow control option appears to be a hinged crest
gate consisting of a single stainless steel gate panel hinged on a lateral torque bar recessed
into the reformed concrete spillway. In the downward position, the gate would lay flush
along the invert of the crest to minimize bed material and debris accumulation. The gate
would be manually actuated from the fishway side of the spillway crest and, following
industry standards, could be actuated by a single adult. For the purpose of this conceptual
design and developing opinion of probable construction costs, the hinged crest gate was
used.
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Other considered flow control systems for the spillway include an Obermeyer weir, a slide
gate, and an inflatable dam. An obermeyer weir operates similarly to the hinged crest gate,
but is actuated with an inflatable device. There is a concern that this type of gate may be
more subject to vandalism than a hinged crest gate. A slide gate could be mounted to the
downstream face of the spillway and would consist of a downward opening single panel gate
that would be manually actuated from the fishway structure. The external mounting of the
gate makes it vulnerable to guide and gear box fouling.

Stoplogs were not considered because of the dangers associated with stoplog installation and
removal in the high flow conditions at the site. A catwalk that could be used for stoplog
installation did not appear to be feasible due to high flow elevations and accessibility.
Inflatable dams are a proven technology for applications requiring impoundment of low
headwater depths and providing operational control. However, they require a large amount
of space, have a large surface area exposed to flows and vandalism, and require continuous
monitoring.

These options all have similar costs, but the adjustable crest gate was selected as most
feasible because it is safe to access and operate, the least susceptible to vandalism, and
requires less space. During subsequent design efforts, other systems to control spillway flow
can be considered. Various aspects of each system should be evaluated, including cost, long
term durability, safety, operating personnel needs, and maintenance.

Reconstruction of the spillway will include demolishing the upper portion of the existing
concrete spillway and removal from the site. The volume or concrete necessary to re-
construct the spillway and cast the hinged weir gate would likely warrant the need for the
concrete to be delivered to the site in a mixing truck and pumped to the spillway.

Reconstruction of the concrete spillway will require a temporary streamflow diversion to
keep this area dewatered during construction. Dewatering could be accomplished with the
use of sand bags temporarily placed in one of the pools upstream of the headwater pool to
divert water to the other section of the falls. The headwater pool could then be dewatering
with use of the existing sluice gate before it is plugged, or with a siphon or pump.

6.3 Level 3 Modifications (Alternative A-3)

Level 3 modifications focus on improving attraction of fish to the fishway entrance by re-
establishing the auxiliary water system (AWS); a component of the original fishway. The
AWS increases the flow discharging form the fishway, which is intended to improve the
ability of fish to locate the entrance. Level 3 modifications assume that Level 1 and Level 2
modifications will be implemented and the hydraulics within the fishway will be as described
in Section 6.1.7.

6.3.1 Install New AWS Intake Grille and Flow Control

A new intake grille, also referred to as a fine trash rack, would be placed across the existing
AWS intake, which is located on the outer wall of the fishway immediately upstream of the
spillway (Figure 6-1 and Figure 6-4). The grille would fit into the existing opening, which is
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2.5 feet wide by 7.0 feet tall. The grille would be constructed of vertical flat bars with
maximum 7/8 inch spacing between bars, pet NMFS NW criteria. The top of the grille
would be at the elevation of the modified spillway crest. Given the small size of the AWS
and site configuration, the grille would be placed vertically, rather than being inclined at a 1:5
(H:V) slope, as recommended by NMFS NW.

ODFW does not have standards for auxiliary water systems, but refers to NMEFS NW
standards which state that the maximum approach velocity for the intake should not exceed
1.0 foot/second. The effective area of the gtille would be approximately 14.4 square feet.
Therefore, the maximum discharge through the AWS intake e would be 14.4 cfs. Higher
AWS flowrates would exceed the maximum approach velocity criteria.

To control the AWS flowrate, a control valve would be added to the intake pipe located
behind the grille. The valve would be designed to provide porosity control, which would
facilitate drawing of water uniformly across the face of the entire grille. The operator for the
flow/porosity control valve would be located behind the intake grille, adjacent to the intake
pipe. Access to the control valve would be through a new hatch located behind the intake
grille.

6.3.2 Replace Diffuser Grates

The original diffuser grate is located along the floor of the entrance bay and was constructed
of 1-inch by 4-inch wooden boards. The existing floor under the diffuser is stepped laterally,
which helps uniformly distribute flow through the diffuser. During the site inspection, the
existing diffuser grate was buried by 3 feet of coarse sediment, and its condition is unknown.
However, it is reasonable to assume that the grate and associated hardware will need
replacement as part of Level 3 modifications.

6.3.3 Fish Passage Performance for Level 3 Modifications

The proposed Level 3 modifications will increase the flowrate discharging from the fishway
entrance, but will not increase flows in the fishway upstream of the entrance bay. Restoring
the AWS, combined with the addition of the curb on the fishway roof and raising of the
entrance weir included in Level 1, should improve the ability of fish to locate the fishway
entrance.

Energy Dissipation of Auxiliary Flow

After going through the intake, the AWS flow would be conveyed through an existing 15-
inch diameter corrugated metal pipe that discharges into a pool in the AWS chamber. The
overall hydraulic drop from the intake to the AWS chamber is about 20 feet. If adequate
energy dissipation is not provided, there can be surging out of the chamber and through the
diffusers in the floor of the fishway entrance bay. A general guidance provided by NMFS
NW is to avoid an EDF greater than 16 ft-Ib/s/ft’in the AWS chamber (Aaron Beavers,
NMES NW, Personal Communications). The pool in the existing AWS chamber is 12 feet
long by 2.25 feet wide and would typically have a depth between 6 feet and 7 feet. With an
AWS flow of 14.4 cfs, the pool EDF could be as high as 25 ft-Ib/s/ ft’, which could create
undesirable surging through the diffusers in the entrance bay. To meet the recommended
maximum EDF of 16 ft-1b/s/ft’ requites limiting the AWS flowrate to about 12 cfs.
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Increased Attraction Flow

With the addition of 12 cfs from the AWS to the entrance pool, the percent of streamflow
discharging from the fishway entrance relative to the streamflow entering the headwater pool
remains above 10% at operational fishway flows (Table 6-4). At the high passage
streamflow, the addition of the auxiliary flow to the fishway flow increases the attraction
flow by a third (from 36 cfs to 48 cfs). Assuming total streamflow is about 600 cfs when the
flow entering the headwater pool is 282 cfs, (more than half the streamflow bypasses the
headwater pool), the fishway attraction flow with the AWS is 8 percent of the total
streamflow. This is close the NMFS NW recommended minimum of 10 percent.

Water velocities through Diffuser Grate

The diffuser grate is 8 feet wide by 12 feet long, with an area of 96 square feet. Ata AWS
flowrate of 12 cfs the average velocity through the diffuser grate in the entrance bay floor
would not exceed 0.13 feet/second, which is below the NMFS NW recommended diffuser
velocity criteria of 0.5 feet/second. Sedimentation along the floor of the entrance bay could
lead to non-uniform flow and areas of increased velocity through the diffuser grate. Severe
sedimentation could also reduce the AWS flowrate.

Operations and Maintenance

Operational requirements for Level 3 modifications are limited to identifying the appropriate
setting for the flow control valve behind the AWS intake to ensure the appropriate intake
tflowrate is achieved at all flows. The AWS flowrate will vary to some degree based on the
level of the headwater pool. During operational flows, the headwater pool level only ranges
two feet. At even higher flows, the headwater pool only rises a small amount more, except
during extreme flow events. These conditions should facilitate identification of a suitable
setting for the flow control valve. Once the setting is identified, no other operations are
required. As part of identifying the correct setting, some monitoring of flow conditions
across the diffuser grate should be conducted. If excessive surging of velocities through the
grates occurs, the AWS flowrate should be decreased.

Table 6-4. Predicted fish passage flows with Level 1, 2 and 3 modifications.
Percent streamflow discharging from fishway entrance assumes the restored
AWS conveys the maximum allowable rate of 12 cfs, when available.

Headwater Pool Elevation 90.0 ft 90.6 ft 91.1 ft 91.5 ft 92.0 ft
Fishway Flow 18 cfs 22 cfs 25 cfs 30 cfs 36 cfs
Fishway Entrance Flow
(with AWS) 30.0 cfs 33.7 cfs 37.0cfs 42.0 cfs 48.0 cfs
Winter Operational Settings
Total Streamflow 52 cfs 94 cfs 150 cfs* 400 cfs* 600 cfs*
Proportlc.)n of Strea_mflow 58% 36% 25% 11% 8%
Discharging from Fishway
Summer Operational Settings
Total Streamflow 18 cfs 39 cfs 64 cfs 150 cfs’ 400 cfs
Proportion of Streamflow 100% 86% 58% 28% 12%
Discharging from Fishway

! Approximation of total streamflow. At streamflows greater than approximately 100 cfs, a substantial

proportion of the water flows over the falls upstream of the headwater pool.
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The AWS may require routine maintenance to clear debris from the intake grille. The debris
would be removed using a manual rake designed for such use. It is difficult to determine the
amount of debris that would accumulate or frequency of cleaning necessary to keep the
AWS operating. If the required frequency of debris cleaning was found to be excessive, the
AWS flowrate could be decreased using the flow control valve at the intake. This would
decrease approach velocities, reducing the likelthood of debris accumulation. It would also
allow for a considerable amount of debris accumulation while maintaining approach
velocities that satisfy the 1 foot/second criteria. For example, if the AWS flowrate was
reduced by half, to 7.2 cfs, then half of the intake grille surface area could become clogged
with debris before the approach velocities become excessive. The disadvantage is that
attraction flows at the fishway entrance would be decreased.

The AWS may require annual maintenance to control sedimentation at the intake grille and
along the floor of the entrance bay where the diffuser grate is located. The bottom of the
intake grille would be 6 feet below the new spillway crest, making it prone to sedimentation.

The entrance bay floor is located about 3 feet below the surface of the tailwater pool at its
lowest level. This makes it prone to sedimentation. It is likely that the entrance bay would
need to be cleaned each spring, as part of the annual sediment cleanout and resetting of the
spillway and exit port gates.

6.3.4 Anticipated Design Performance

Hydraulics within the fishway would remain the same as with Level 1 modifications. The
only difference is the additional flow added to the entrance bay by the AWS for increased
fish attraction. The main areas of uncertainty are decreased performance due to debris and
sedimentation.

Debris and Sedimentation at AW'S Intake

The rate of debris accumulation on the AWS intake grille could be substantial during winter
months, when access is intermittent. This would lead to decreased AWS flows and increased
approach velocities at the intake grille.

Even though the Level 2 modifications will lower the spillway crest by 1 foot, there is
substantial risk that the bottom portion of the intake grill will be routinely buried in
sediment. This is evident when examining existing sediment levels in front of the intake
(Figure 5-3). If this occurs, the AWS flowrate will have to be reduced proportional to the
amount of surface area blocked by sediment to continue satisfying approach velocity criteria.

Sedimentation in Entrance Bay

The entrance bay is currently filled with coarse sediment to the top of the entrance weir.
This area of the fishway experiences substantial backwatering by the tailwater pool during
larger flows. The entrance bay, with the raised slotted weir from Level 1 modifications, is
also at a hydraulic slope break, making it a natural place for sediment moving through the
fishway to accumulate. The Level 1 slotting of the entrance weir will likely reduce
sedimentation in the entrance bay to some degree. Given the coarse nature of the sediment,
auxiliary water would likely be able to effectively flow through a foot or so of sediment
deposited on the diffuser grate. However, if sedimentation in the entrance bay remains as
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severe as under existing conditions, the AWS flowrate through the diffuser grate would likely
be reduced, which would decrease the effectiveness of the AWS. If slotting of the entrance
weir leads to non-uniform sedimentation, the velocities through the diffuser could be
concentrated, and could exceed the 0.5 feet/second criteria in some locations.

6.3.5 Cost and Constructability

Level 3 modifications can be implemented in addition to the modifications presented in
Level 1 and 2. The feasibility level cost estimate for implementing Levels 1 through 3 is
$656,000. A detailed breakdown of the cost estimate is provided in Appendix I.

Level 3 modifications include the rehabilitation of the existing AWS, specifically the
replacement of the intake grille (fine trash rack) and the addition of a porosity flow control
valve and access hatch. The diffuse plate may also need to be reconstructed or replaced. The
existing piping will remain in place and utilized. To reconstruct or replace the diffuser plate,
existing sediment within the AWS chamber will need to be hand excavated and placed in the
tailwater pool.

These modifications would be implemented while the headwater pool was dewatered to
accommodate implementation of Level 2 modifications.

Steamboat Falls Fish Passage Evaluation and Alternatives Analysis
Michael Love & Associates Winzler & Kelly



( \

\
\

\
\ Thalweg
\ \ Chute Into

A Headwater Pool
N Edge of Existing
N\ Reinforced
S NN\ Gunite/Concrete
74ll\ X at Interface
N - with Bedrock
Z Reconstruct to Form

/ ~ <%\ Slotted Weirs, (LEVEL 1)
I

Headwater

Pool / Exit Ports to

New Concrete Training Wall,
Crest Elev. 100.0° Conform

A

be Modified, to Existing Bedrock Along
Existing Spillway (LEVEL 2) / Upstream End (LEVEL 1),
Crest Elev. 89.8 4 \
=K \
=7\, \
Reconstruct Concrete < O~ \
Spillway and Install Hinged X
v //N _
Crest Gate (LEVEL 2) LT //Aw,\ P /
Plug Sluice Pipe “N X flew Enlarged
\\ AA\/
&\, and Remove Gate ~=7~ ENS \ Accesss Hateh
( KA = 2 (LEVEL 1)
‘\, (LEVEL 1) PN NG \ .
Concrete o‘$/ - %% o \& A /
New Access Spillway /«\w 2 T N 2 /
Hatch (LEVEL 2) 7. 28 Doy o Bedrock /)
N N \ )
Existing AWS \\@M\«N\ //M\\\\ ,
— LN Sead ,
évmx \ - /mvb ol \\E
~_ \\\\\\\ Existing Concrete 7 Modify Weirs 1—18 (LEVEL 1)
> -~ Fishway S/ /
N = S/
Tailwater Pool New Oojo_ﬁmﬁm Roof Curb /
\ Min. Water Elev. 92.0' (LEVEL 1)/, . . N
Surface Elev. 71.0° i s _
New AWS Intake Grille N4
and Flow Control Valve. % J/ X
\/ Install Hatch for > / NORTE
Access to Control S /
L Valve (LEVEL 3) S > /
> ~__ . N4
»~ Modify Entrance ’ — L ’ AOM /
Weir to Improve AO@ /
Attraction (LEVEL 1) PLAN 0o\\
L O
B EXISTING FISHWAY avf\\
<7 ALTERNATIVE A: FISHWAY MODIFICATIONS
\\ STEAMBOAT FALLS
! /
\ Z

Figure 6-1. Alternative A - Level 1-3 modifications identified on plan view of fishway.

W%% )
s¢| 2
g <l 2O
om E
@l ¥
<z
23 ¢
0o ¢
3| o
- < |
4
@5 N
c¥| 7/
hm..I
.mo_mW
= *|=
pu |
2
o
Wmvv
\__|a
T

STEAMBOAT FALLS FISH PASSAGE PROJECT
The North Umpqua Foundation
ALTERNATIVE A: Fishway Modifications

~—

DATE
Dec. 2009

SUBMITTAL
Concept

DESIGN

Love / Llanos
DRAWN

Llanos

FIGURE

6-1
—




-
_ g _ 8
0.5
"
o+ ~
T ]// |
Plug Orifice with Concrete, /Uc@ Orifice with Concrete,
Typical All Weirs Tvoical Al Wei
i N Steel Sill Plat q Saw Cut Slot to ypica ers
Steel m:ﬁﬁgo#m. Omé #ﬁ%m ! ate an Floor, Install New Rough Cut Existing Weir to Allow for
Height 1" for Weirs 6—17 ~ ©rOUt RAMP Steel Sill Plate Dowel Into Floor, and Reform Weir
(0.5" for Weir 18) and Grout Ramp
TYPICAL SECTION TYPICAL SECTION
Weirs 6—18 Weirs 2—5
7 , 7 Raise Weir
Flow —=> , 8 , Crest 2 ft
0.5
Flow —=> 1.5 Raised Reinforced
New Grout Ramp \\zms\ Steel % 1 Weir. Roughen Top
Sill Plate ﬁ of Exisiting Weir,
o~ Dowel Reinforcement
pd # Into Exisisting
e)
PROFILE PLAN \I
DETAIL OF SILL AND RAMP Saw Cut /moc@j Cut Existing Weir
Slot to Floor to Allow for Dowel Into
Floor, and Reform Weir
TYPICAL SECTION
ALTERNATIVE A: LEVEL 1 MODIFICATIONS Weir 1=Fishway Entrance
STEAMBOAT FALLS
L All Sections Looking Upstream

Figure 6-2. Alternative A Level 1 modifications to the existing fishway weirs.

N
J

PO Box 4477 @ Arcata, CA 95518 @ (707) 476-8938
WINZLER & KELLY

Michael Love & Associates

h 4
v

UBCONSULTANT!

(

(7

]

STEAMBOAT FALLS FISH PASSAGE PROJECT
The North Umpqua Foundation
LALTERNATIVE A: Level 1 Fishway ModificationsJ

\—
DATE

Dec. 2009
SUBMITTAL
Concept

DESIGN
Love / Llanos
DRAWN

Llanos

FIGURE

6-2




\
, , , New Aluminum Prefabricated
5 \\m_xm_ Access Hatch
Existing Stoplog
OC.Qmm///
WEIR 20
WEIR 19
Flow => Existing Exit Port
: New Concrete s
Grout Ramp Behind <
Steel Sill Plate Slab BAY A
B r " . a .. R < 2 ..W. AA X 2 1 “L vy M
FISHWAY EXIT
Widen Existing PROFILE
Opening 2.5 to 10
Accomodate New
5’x6" Hatch i 1
f 10 ,
~
New Access
hoqama/
~
T
N . New Concrete Slab New Concrete Slab
ew Steel Sill g\mim MQ
ot "SECTION | A4
(Looki Upst ) SECTION
ooxing Upstream (Looking Upstream)
Note: Existing vertical slot weir 19 & 20 to ALTERNATIVE A: LEVEL 1 MODIFICATIONS
be demolished and reconstructed as shown. STEAMBOAT FALLS FISHWAY
.

Figure 6-3. Alternative A - Level 1 modifications to fishway exit channel.

PO Box 4477 ®Arcata, CA 95518 @ (707) 476-8938 ]
& KELLY J

Michael Love & Associates

\ = WINZLER

UBCONSULTANT:

(

('Y

\
J

y Modifications

STEAMBOAT FALLS FISH PASSAGE PROJECT
The North Umpqua Foundation

ALTERNATIVE A: Level 1 Fishwa

\.

.

DATE
Dec. 2009
SUBMITTAL
Concept
DESIGN
Love / Llanos

DRAWN
Llanos

FIGURE

6-3




4 A
New Access Hatch for Flow
Control Valve (LEVEL 3)
New Auxiliary Water Intake Grille, New Curb Elev. 92.0" (LEVEL 1)
with Flow Control Valve (LEVEL 3) ) )
New Adjustable Gate, Raised
During Summer and Lowered
. ; N
Flev. 90.0' | | - o During Winter* (LEVEL 2)
Enlarge Existing Two 2'x2° Ports. Sawcut
£l 87 0 /003083 to Increase Port Height and
ev. : Install Stoplogs for Adjustable Opening Lower Crest by
See Section Detail. A,!_M/\_M,! MV 1 ftx Q!_M/\_M,! MV
Kimoas\o#mx Pool )&
NOTES:
Existing features based on
1966 design plans for fishway
rehabilitation
"Crest shown for clorification, Existing 36” Sluice Pipe, Plug
) s with Concrete and Remove Gate
CROSS SECTION A—A (LEVEL 1)
HEADWATER POOL AND SPILLWAY
I New Stoplog and Opening Frame
. mzmﬁs@%#mgoa. to Fit into Existing Guides
T\,mj<<0v\ Roof uraes 0 emain Q!_M<_M7! Nv
El. 95.0'
New Top of
Port EI. 90.0
Bottom of Port
El. 87.0°
SECTION AT EXIT PORTS SECTION AT EXIT PORTS
WINTER STOPLOG POSITION SUMMER STOPLOG POSITION
ALTERNATIVE A MODIFICATIONS
STEAMBOAT FALLS
\.

Figure 6-4. Alternative A - Level 1-3 modifications to the existing exit port, spillway and AWS.

PO Box 4477 eArcata, CA 95518 @ (707) 476-8938 ]

Michael Love & Associates

BCONSULTANT:

Su
L - WINZLER & KELLY J

| (¥

J

STEAMBOAT FALLS FISH PASSAGE PROJECT
The North Umpqua Foundation
ALTERNATIVE A: Modifications

\. J

DATE
Dec. 2009

SUBMITTAL

Concept

DESIGN
Love / Llanos
DRAWN

Llanos

FIGURE

6-4




Demolish and reconstruct Concrete New Manually Operated
Spillway Crest to Accomodate New Stainless Steel Hinged Crest

Gate Hinge Tube Ahm<9 Nv Gate, Shown Raised Position

Removable
>ogo§/ (LEVEL 2) \
Handle 15’ 10 5 —
/

N

Gearbox Wm L.I. T DTG SR SN 1 TR

ft in Raised Position

Figure 6-5. Alternative A - Level 2 modifications to existing spillway.

Hinge Tube Cut Existing Concrete
ST N
Existing \ Existing Concrete Bedrock
Concrete Interface (Approximate)
Existing Outer \ ,
Fishway <<o/// \ SECTION B—B \ogm Raised Position
SPILLWAY CREST \\ \Ooﬁm Lowered Position
\ (Looking Downstream) Flow[=>
- -~ Hinge ?U@
e SECTION C
ALTERNATIVE A: LEVEL 2 MODIFICATIONS
STEAMBOAT FALLS
. J

|

Michael Love & Associates

PO Box 4477 ®Arcata, CA 95518 @ (707) 476-8938

UBCONSULTANT:

S
L -, WINZLER & KELLY J

(¥

J

STEAMBOAT FALLS FISH PASSAGE PROJECT
The North Umpqua Foundation

ALTERNATIVE A: Level 2 Fishway Modifications

\.

\_

DATE

Dec. 2009
SUBMITTAL

Concept

DESIGN
Love / Llanos
DRAWN

Llanos

FIGURE

6-5




February 2010
Page 61

7 Alternative B: Bedrock Fishway

Alternative B proposes construction of a new fishway out of bedrock along the northern
side of Steamboat Falls, opposite of the existing fishway. It would consist of a series of
pools carved into the existing bedrock and broad crested weirs formed from bedrock (Figure
7-1). The existing fishway would either be left as-is or modified as recommended in
Alternative A (See Chapter 0).

7.1  Bedrock Fishway Concept

Topography of Steamboat Falls before construction of the existing concrete fishway
suggests there was a passageway along the south bank (where the fishway is currently
located) that provided limited steelhead passage during certain flow conditions (See chapter
3). Restoration of this passageway is not possible because much of the bedrock was
excavated to build the existing concrete fishway. If the fishway were removed, a large hole
would be left in its place, and the face of the falls in that area would be 15 to 20 feet tall and
very steep, creating a fish passage blockage.

An alternative concept is to excavate a bedrock passageway through the falls that would
simulate a natural passageway. This native bedrock fishway could be designed to operate
effectively during moderate stream flows that occur during the winter and spring, when both
winter and summer steelhead migrate over Steamboat Falls. The bedrock fishway would
contain a series of excavated pools divided by in situ bedrock crests. Dimensions of the
fishway would vary to meet geologic site conditions, and would not necessarily follow
standard fishway design criteria. Rather, fishway conditions would be evaluated in
comparison to downstream natural obstructions that steelhead and possibly Chinook salmon
currently negotiate to reach Steamboat Falls.

7.2  Geologic Constraints

Layout of the bedrock pools and weir crests would utilize the existing bedrock jointing
(fracturing), which is briefly summarized in Chapter 2 and below, and detailed in the project
geologic and geotechnical report (Appendix E). The project geologist identified three sets
of joints in the bedrock. The “N25W” set runs in a northwest-southeast direction at
approximately 25" west of north with a neatly vertical dip angle. The “East” set runs
northeast-southwest direction at 60° to 75° east of north with a nearly vertical dip angle. The
third joint set is nearly horizontal. Together, the three joint sets form discrete blocks that
typically range between two and four feet in size. To facilitate excavation, the bedrock
fishway should be designed to follow the vertical jointing in the bedrock.

The resulting face of excavated bedrock should also be stepped based on the spacing of the
joints and resulting size of the excavated blocks. Geotechnical recommendations for
bedrock excavation includes keeping the overall cut-slope between 1:1 (H:V) and %&:1 (H:V).
For this concept level development, the cut-face steps above the crests were assumed to be 4
feet wide by 4 feet tall.
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7.3  Siting

The bedrock fishway should be strategically placed to avoid being in the main path of
streamflow and bedload going over the falls. There must be enough room available to fit a
fishway with adequately sized pools to dissipate the water’s energy at fish passage flows.
During fish passage flows, the entrance should be accessible to fish holding in the tailwater
pool and the exit should be placed to control the amount of water flowing into the fishway.
Additionally, there are a number of small bedrock drops and pools in the channel upstream
of the main drop over the falls. Therefore, the further upstream the fishway exit and
headwater pool is located, more overall drop the fishway must overcome.

The most suitable site identified for the bedrock fishway is along the northern side of the
falls, opposite of the concrete fishway. Atlow and moderate flows, the channel thalweg
passes through two pools before entering the existing concrete fishway or cascading down
the concrete spillway (Figure 7-1). The downstream pool currently functions as the
headwater pool for the existing fishway. The upstream pool would function as the
headwater pool for the bedrock fishway. This pool is well suited for the bedrock fishway
since its level does not fluctuate much with flow.

At fish passage flows, the northern area of the falls is somewhat sheltered from the main
flow path of the stream by an elevated bedrock area. The sheltering effect created by the
elevated bedrock will limit the amount of water flowing into the bedrock fishway.

At the bedrock fishway site, the existing bedrock is lower than in adjacent areas and a section
of the existing falls in this area has a sloping bedrock face. Placement of the fishway in this
area was carefully selected to take advantage of the sloping face and reduce the amount of
excavation required. Below the sloping face, a bedrock bench is overlain by large “boulder
blocks” stockpiled here during construction of the existing fishway (See Section 2.2). The
bench and boulder blocks slope gradually into the tailwater pool and can be rearranged to
form an entrance channel from the tailwater pool.

7.4  General Fishway Dimensions

A range of dimensions for the bedrock fishway were developed to encompass the variability
of bedrock jointing patterns found at the site. Schematic drawings of typical fishway pool
and crest shapes and dimensions are provided for general guidance for construction, with
the expectation that the final shape will be determined onsite during excavation, as
subsurface geologic conditions are revealed.

7.4.1 Pool Crests

Each pool crest would consist of a raised section of bedrock that creates a chute. The pool
crests would be roughly 4 to 6 feet long in the streamwise direction and relatively horizontal.
(Figure 7-2). The crest would have a notch that is roughly 4 feet wide and 2 to 3 feet deep
that contains lower fishway flows. At fish passage flows, the crests between pools would
function as bedrock chutes. The drop from crest to crest would range between 2 and 3 feet,
which is well within the leaping abilities of adult steelhead and Chinook salmon. At most
fishway flows steelhead will likely swim into and through the chute.
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There is risk that some of the pool crests will become over-excavated due to bedrock
jointing. In such cases, a limited amount of reinforced concrete keyed into the bedrock
could be used to rebuild the crest. For aesthetics, the concrete could be shaded to match the
color of the bedrock.

7.4.2 Pools

The cross sectional shape of the pools was based on the anticipated size of the bedrock
blocks and the shape resulting from the excavated step cut-slope (Figure 7-2). The shape
was also determined by the pool volume needed to dissipate the flow’s energy. The residual
depth of the pool downstream of each crest would be a minimum of four feet to ensure the
jet from the plunging water will not impact the bottom of the pool during fish passage flows,
which could harm fish. At low-flows, the top width of the residual pool would range
between 10 and 14 feet. Spacing between pools ranges from 18 to 24 feet, with pool lengths
ranging between 14 and 18 feet (Figure 7-3). At turns in the fishway, the centerline length of
turn-pools range between 20 and 24 feet. There are also two switchback pools, each with a
centerline length of roughly 40 feet.

7.5  Fishway Layout

Layout of the bedrock fishway was guided by the orientation of the bedrock jointing and the
existing bedrock topography along the northern portion of the falls. The preferred route
connects the fishway exit channel to an existing pool at the upstream end of the fishway that
would serve as the fishway headwater pool (Figure 7-1). From the exit, the fishway follows
the East joint set for about 50 feet, before turning approximately 95 degrees towards the
northwest to follow the orientation of the N25W joint set for 50 feet. It then turns towards
the southeast and follows the East joint set. In this section, the fishway contains two
switchbacks to increase the fishway length and exploit the lower bedrock elevations on the
stepped face of the falls. The overall length of the fishway measured along its centerline
from entrance to exit crest is 260 feet. The overall slope of the fishway is 7.35%, with a total
of eight pools. Depth of bedrock excavation, measured from the pool bottom to existing
ground, ranges between 4 and 20 feet.

7.5.1 Headwater Pool, Exit Channel and Flow Control

The proposed headwater pool at the exit of the bedrock fishway is approximately 4 feet deep
and 75 feet long. At low and moderate streamflows its water level only varies slightly.

A small exit channel, roughly 4 feet wide, 2 feet deep and 15 feet long, would connect the
headwater pool to a pool crest of the fishway exit. The pool crest at the fishway exit would
be used to control flow into the fishway. It would be constructed with different dimensions
than the other pool crests within the fishway.

7.5.2 Turnbays

Turns in the fishway were necessary to fit within the site constraints. The upstream most
turn, at Pool 7, places the fishway downstream of elevated bedrock, shadowing it from the
main flow path of the stream during fish passage flow. The second turnbay, at Pool 5, turns
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the fishway back towards the tailwater pool. The turn bays are designed to dissipate energy
from the plunging flow from the upstream crest before the flow turns.

7.5.3 Switchbacks

The switchback section of the fishway at Pools 2 and 3 increases the number of drops over a
short length, allowing the fishway to “climb” up the face of the falls. The switchback
section was located along the northern edge of the falls, which receives little to no flow
except during flow events greater than fish passage flows. This area of the falls has a sloping
stepped face, reducing the required depth of excavation at this location. The height of the
existing bedrock dividing the switchback pools would be lowered to allow the switchback to
become overtopped during high flows. Once overtopped, the switchback section would
function as one large chute, allowing the water to flow in a straight line from Pool 5 to the
entrance.

7.5.4 Entrance

The fishway entrance is connected to the tailwater pool of Steamboat Falls, about 130 feet
north of the main portion of the falls. The entrance pool crest would be roughly 2 to 3 feet
above the level of the tailwater pool. Discharge from the fishway entrance would flow
through the existing boulder field for approximately 30 feet and into the tailwater pool. The
boulders could be arranged to form a “roughened channel” that fish could swim through to
reach the entrance crest.

7.6  Fish Passage Performance

7.6.1 Fishway Design Flows

Alternative B was developed assuming it would not be the primary low-flow passageway, but
the existing fishway would provide passage during summer months. However, if low flow
passage in a new fishway becomes a primary objective, the flow control at the fishway exit
could be shaped, or modified after construction, to have either bedrock fishway operate at
low flows

The bedrock fishway should be designed to operate during the winter and early spring, when
the existing concrete fishway is most likely to be inoperable due to plugging with sediment
and debris (See Section 5.4.2). The streamflows that the bedrock fishway would be operable
depend on the amount of flow entering the fishway. This is controlled by the geometry of
the pool crest at the bedrock fishway exit and the water level in the headwater pool.

Low Fishway Design Flow

The low fishway design flow was defined as the flow that provides 1 foot of depth across the
upstream end of each pool crest, which occurs at 8 cfs. Table 7-1 summarizes fish passage
hydraulics for the bedrock fishway at a range of fishway design flows. Because each crest
acts as a broad crested weir, the minimum depth in each notch would occur at the
downstream end. At 8 cfs, the depth and velocity at the downstream end of the notch,
assuming flow goes through critical depth, would be about 0.5 feet and 4.0 feet/second,
respectively.
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Water will accelerate and depth decrease as flow goes through the notch before plunging
into the receiving pool. Fish will either swim or leap to enter the notch. Because of the
streamwise length of the notch, fish will most likely swim through the notch rather than leap
over it entirely. While minimum water depth in the notch does not meet ODFW minimum
depth requirements of 1 foot until 21 cfs, adult salmon and steelhead have the capability to
swim short distances in shallower flows. The proposed bedrock fishway is similar to the
natural shallow bedrock chutes in downstream reaches of Steamboat Creek that fish
currently swim though.

Other fish passage criteria, such as velocity and EDF, are well within fish passage criteria at
8 cfs. Therefore, to maximize the operational range of the bedrock fishway, 8 cfs was
defined as the low fishway design flow.

Table 7-1. Predicted bedrock fishway performance.’ Italicized values indicate
conditions that do not meet ODFW fish passage criterion.

Fishway Flow 8 cfs 14 cfs 21 cfs 44 cfs
Depth over Crest’ 1.0 ft 1.5 ft 2.0 ft 2.7 ft
Minimum Depth in

Notch? 0.5 ft 0.7 ft 1.0 ft 1.6 ft
Maximum Velocity

in Notch® 4.0 ft/s 4.9 ft/s 5.5 ft/s 6.5 ft/s
Minimum Pool Depth 5.0 ft 5.5 ft 6.0 ft 6.7 ft
EDF in Pool 0.9 ft-Ib/s/ft’ 1.4 ft-Ib/s/ft’ 1.9 ft-lb/s/ft’ 4 ft-Ib/s/ft’

! Drops between weirs crests range from 2 to 3 feet, averaging 2.3 feet.
’ Measured at upstream face of crest.

* At downstream end of crest, assuming critical flow depth.

High Fishway Design Flow
The high fishway design flow was determined by the flow that creates an EDF of 4 ft-
Ib/s/ft’, which is the maximum recommended by ODFW.

At high flows, water will exceed the capacity of the notch and begin overtopping the weir on the
pool crest. This will concentrate flow down the center notch while providing a small amount of
plunging flow along the edges. Assuming the entire receiving pool volume is effective at
dissipating the energy of the flow entering the pool, the recommended maximum EDF of 4 ft-
Ib/s/ft’ would be reached at a flow of about 44 cfs. Therefore, 44 cfs was defined as the
high fishway design flow. At this flow, the maximum water velocity in the notch would be
about 6.5 ft/s; lower than the ODFW recommended maximum of 8 ft/s for notches, and well
within the swimming abilities of adult steelhead and Chinook salmon (Bell, 1991).

Streamflow at Fishway Desion Flow
For the purposes of evaluating this alternative, the streamflows corresponding to the
operable bedrock fishway flows were assumed to be between 75 cfs and 440 cfs.
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NMFES NW recommends that a fishway convey at least 10 percent of the total streamflow to
provide suitable attraction flow to a fishway. Therefore, at the high fishway design flow of
44 cfs, the bedrock fishway could provide adequate attraction flow up to a streamflow of
440 cfs (35 annual exceedance flow, See Section 3.3.1) if the exit crest can be designed to
prevent excessive flow from entering the fishway. This seems feasible based on
interpretation of flow conditions from photographs of Steamboat Falls at streamflows
around 500 cfs.

During the summer, nearly all of the streamflow below about 75 cfs is conveyed into the
headwater pool of the existing concrete fishway. The bedrock fishway should be designed to
avoid capturing too much flow during the summer, which would make the concrete fishway
inoperable. Therefore, the bedrock fishway should be designed to become operable (fishway
flow of at least 8 cfs) at a streamflow of about 75 cfs or greater. At a streamflow of 75 cfs
and a low fishway design flow of 8 cfs, the recommended NMEFS NW criteria of 10%
attraction flow is satisfied.

Final design of the bedrock fishway exit and determination of its operable streamflows
requires collection of additional topographic information, and possibly some direct
measurements of water levels in the proposed headwater pool at various flows.

7.6.2 Drop Heights

The average pool crest-to-crest drop across the fishway is 2.3 feet, but would vary between 2
and 3 feet, depending on bedrock conditions at each pool crest. Although this is greater
than the recommended maximum 1-foot water surface drop height for salmon and
steelhead, it is well within the leaping ability of adult steelhead and Chinook salmon and is
less than some of the naturally occurring drops fish must pass over to reach Steamboat Falls.
For example, downstream on Steamboat Creek is Little Falls, which has several distinct
drops that fish must overcome; each exceeding 3 feet in height.

7.6.3 Operations and Maintenance

The bedrock fishway is not expected to have any operational or maintenance requirements.
It is expected to self-maintain similarly to the natural falls within the area. Sediment is
expected to be scoured out of the pools during large flow events (See Section 7.7.3). There
is a small risk that a piece of large woody debris could occasionally become jammed in the
fishway in a manner that would adversely affect fish passage. If this occurs, it may be
necessary to cut or remove the wood to restore fish passage.

7.7  Anticipated Design Performance

7.7.1  Structure Shaping

It is expected that the bedrock fishway can be shaped within the face of the existing falls by
removing the blocks formed along the bedrock joints (See Chapter 2). Some uncertainty
exists regarding the subsurface bedrock jointing, which will govern the shape of the fishway
pools and crests. This will likely create a natural variability within the fishway and may cause
some portions of the fishway to not meet fish passage criteria. Fine tuning during
construction may be necessary and post construction monitoring and adaptive management is
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recommended (Section 7.7.4). Fine tuning of the pool crest shape will likely be achieved using
an excavator or small explosives. Concrete may be needed to change the shape of the pool
crest in locations where coarse excavation the bedrock does not create the desired shape.

During construction, there is also the potential to over-excavate the crest, which could create
an excessive drop at the next upstream crest. These issues would need to be addressed
during excavation through frequent inspection by the project’s geologist and onsite design
modifications by the project geotechnical engineer and fish passage engineer. Concrete
keyed into the bedrock may be needed to raise the weir crest should over excavation occur
during construction.

7.7.2 _Fish Passage Streamflows

As previously discussed in Section 7.6.1, there is uncertainty regarding the range of
streamflows the bedrock fishway would be operable. Collection of additional field
information during final design would help better define the range.

In the hydraulic calculations of EDF, the entire pool volume was considered effective at
dissipating turbulence. However, these pools are relatively long and it is likely that most of
the energy would be dissipated as turbulence close to the pool crest. Therefore, the true
effective pool volume may be substantially less than assumed. This could result in excessive
turbulence close to the weir crest, which could create a fish barrier at flows less than 44 cfs.
As a result, the actual range of fish passage streamflows could be less than stated.

7.7.3 Sedimentation

The proposed bedrock fishway pools are not expected to experience any significant
sedimentation. The large drops from crest to crest will scour and transport most of the
sediment. Additionally, during large flow events, when the stream is transporting large
amounts of bedload, flows are expected to cascade into the fishway from upstream, providing
a tremendous amount of scouring force that should dislodge any deposited sediment.

7.7.4 Adaptive Management to address Uncertainty

If constructed, physical and biological monitoring should be conducted to verify that the
fishway performs as designed. Modifications to the bedrock fishway could be made if post
project monitoring identifies problem areas. Modifications could involve removal of
additional bedrock or use of concrete to build up crests.

Opver time, it is reasonable to expect some of the bedrock blocks forming the crest may shift
along a joint or erode, which could impede fish passage. At that point, it may be necessary
to use concrete to stabilize the bedrock blocks and/or reshape the crests.

If passage conditions through the bedrock fishway were found to be insufficient, one
remediation would be to remove the bedrock crests and construct a series of concrete weirs
to create a more standard pool and weir fishway, similar to the concept proposed for
Alternative C.
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If in the future, the existing concrete fishway is no longer functional and decommissioned or
demolished, the bedrock fishway could serve as the sole passageway over the falls.
Additionally, if the existing concrete spillway is severely damaged or destroyed, such as
during the 1964 flood, the bedrock fishway will continue to function. In either situation,
modifications may be required to the bedrock fishway exit crest to ensure it receives
sufficient flow during low summer flows.

7.8  Cost and Constructability

The feasibility level cost estimate for Alternative B modifications is $411,000. The existing
fishway can either be left as-is or modified as recommended in Alternative A. A detailed
breakdown of the cost estimate is provided in Appendix I.

Alternative B improvements include the construction of a bedrock fishway. Based on
recommendations summarized in the geologic and geotechnical report (Appendix E),
excavation of the bedrock fishway could require excavation of depths up to 20 feet. Itis
expected that the rock can be removed with a standard excavator with hardened teeth.
Based on the observed jointing, the rock is anticipated to be removed in blocks up to 4 feet
x 4 feet x 4 feet. At the deeper areas of removal and in the turn pool corners, rock removal
may require large chippers and or isolated blasting. It is not anticipated that blasting
techniques will be required, but could be an option for controlled removal of the rock.

Chipping or minor blasting of the bedrock can be used to achieve the final pool crest shapes
and dimensions. If discontinuities in the fracture joints result in uncontrolled fracturing of
the bedrock during excavation, the pool crests could be reformed with concrete to achieve
the desired crest elevations and hydraulic conditions. The final construction plans will
include a tolerance for construction elevations of the pool crest. Because of the complexity
associated with bedrock excavation and the importance of maintaining an acceptable
tolerance, it is suggested that a geotechnical engineer be present throughout construction.

Equipment access to the bedrock fishway can be from the north side of the falls from
Steamboat Creek Road, down a steep embankment to the crest of the falls. The
embankment is lined with rock excavated during the construction of the existing fishway.
This rock will need to be rearranged to allow construction access down to the falls. If
necessary, rock from the bedrock fishway excavation can be used to construction haul roads
down the embankment. Construction access to the downstream end of the bedrock fishway
can be accomplished through partial excavation of the fishway channel. Final excavation
could then proceed from downstream to upstream, beginning with the rearrangement of the
existing boulders at the fishway entrance.

Multiple excavators operating in series may be necessary for removing the bedrock blocks
out of the channel and loading into equipment for hauling to a disposal site. Equipment
access to the project site could prove difficult, and will likely require the use of tracked off-
road equipment. A specific disposal site for excavated rock is currently unidentified. It may
be feasible to distribute excavated rock through the construction site, possibly eliminating
the need for hauling and disposal.
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It will be necessary to maintain dewatered conditions within the limits of construction of the
bedrock fishway as well as any construction access areas at the head of the falls. To maintain
dewatered conditions during construction, a temporary stream diversion will be necessary to

divert water to the northern part of the falls and around the work area.
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8 Alternative C: Bedrock Fishway with Concrete Weirs

Alternative C proposes construction of a new fishway out of bedrock along the northern
side of Steamboat Falls, opposite of the existing fishway. It would consist of a series of
pools carved into the existing bedrock and controlled with concrete weirs (Figure 8-1). The
existing fishway would either be left as-is or modified as recommended in Alternative A (See
Chapter 0).

8.1 Bedrock Fishway with Concrete Weirs Concept

Similar to the Alternative B: Bedrock Pools (Chapter 7), the Alternative C concept is to
excavate a bedrock passageway through the bedrock falls. The main difference is that the
drops would be controlled by concrete fishway weirs keyed into the bedrock walls instead of
using bedrock crests, as in Alternative B. This eliminates risks associated with use of
bedrock crests and allows the fishway design to satisfy ODFW and NMFS NW fish passage
criteria, as well as reduce the project footprint and shorten the overall fishway length. It also
provides the ability to select a fishway alignment that does not strictly follow the orientation
of the bedrock jointing.

The bedrock-concrete fishway would contain a series of excavated pools divided by
constructed concrete crests. Dimensions of the fishway pools would vary to meet geologic
site conditions. The bedrock-concrete fishway could be designed to operate effectively
during moderate streamflows that occur during late-fall, winter, and spring, when both
winter and summer steelhead migrate over Steamboat Falls.

8.2 Geologic Constraints

Like Alternative B, layout of the bedrock pools for Alternative C would utilize the existing
bedrock jointing (fracturing), which is summarized in Chapter 2 and below, and detailed in
the project geologic and geotechnical report (Appendix E). The resulting face of excavated
bedrock should also be stepped based on the spacing of the joints and resulting size of the
excavated blocks. Geotechnical recommendations for bedrock excavation includes keeping
the overall cut-slope between 1:1 (H:V) and %:1 (H:V). For concept level development, the
cut-face steps above the crests were assumed to be 4 feet wide by 4 feet tall.

83 Siting
As described in siting for Alternative B (See Section 7.3), the most suitable site identified for
the bedrock-concrete fishway is along the northern side of the falls, opposite of the concrete
fishway (Figure 8-1). The headwater pool for Alternative B would serve as the headwater
pool for the bedrock-concrete fishway.

8.4  General Fishway Dimensions

Dimensions for the bedrock-concrete fishway were developed based on the observed
bedrock jointing patterns and fish passage criteria. Schematic drawings of typical fishway
pool shape and dimensions are intended to provide general guidance for design, with the
expectation that the final fish passage and geotechnical engineering adjustments must occur
onsite during excavation, as subsurface geologic conditions are revealed. Unlike the bedrock
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pools, the concrete weir shape, dimensions, and drop heights should remain consistent from
welr to weit.

8.4.1 Concrete Weirs

Each concrete weir would be 1 foot thick and keyed into the existing bedrock a minimum of
0.5 feet at the sides and floor (Figure 8-2). The length of the entire weir would vary
depending on the width of the bedrock pool, but would generally be between 14 and 18 feet.
The fishway flows would be confined to an 8-foot wide section of the weir, which would
have a level crest and a notch that is roughly 2 feet wide and 1 foot deep to contain the
lower fishway flows. Spacing between weirs is a minimum of 10 feet on-center, except
where the fishway turns more than 60 degrees the weir spacing is doubled. The drop from
crest to crest would be 1 foot, to meet ODFW and NMFS NW fishway criteria. For
aesthetics, the concrete could be shaded to match the color of the bedrock.

8.4.2 Pools

The cross sectional shape of the pools was based on the anticipated size of the bedrock
blocks and the shape resulting from the excavated step cut-slope (Figure 8-2). The shape
was also guided by the pool volume needed to dissipate the flow’s energy. The residual
depth of the pool downstream of each weir would be a minimum of 3 feet. The top width
of the residual pool would range between 14 and 18 feet. The length of each pool would be
about 9 feet (Figure 8-3). At turns in the fishway, the centerline length of turn-pools range
between 18 and 20 feet.

8.5  Fishway Layout

Layout of the bedrock-concrete fishway was influenced by the orientation of the bedrock
jointing and the existing bedrock topography along the northern portion of the falls. Use of
concrete weirs allowed for the centerline alignment of the fishway to vary from the
alignment of the joints. The pool sides follow the alignment of the jointing while the
concrete weirs are oriented orthogonal to the fishway centerline. This results in a staggering
of the pool edges, as shown in Figure 8-1.

The preferred route connects the fishway exit channel to an existing pool at the upstream
end of the fishway that would serve as the fishway headwater pool. From the exit, the
tishway follows the East joint set for about 40 feet, before turning approximately 115
degrees towards the northwest. This is 95 feet long and the centerline is oriented 43 degrees
east of north. It then turns towards the southeast and towards the existing tailwater pool.
The overall length of the bedrock-concrete fishway measured along its centerline from
entrance to exit crest is 220 feet and there are 19 pools. The overall slope of the fishway is
8.6%. Depth of required bedrock excavation, measured from the pool bottom to existing
ground, ranges between 4 and 20 feet.

8.5.1 Headwater Pool, Exit Channel and Flow Control

The proposed headwater pool at the exit of the bedrock-concrete fishway is approximately 4
feet deep and 75 feet long. Atlow and moderate streamflows its water level only varies
slightly.
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A small exit channel, roughly 4 feet wide, 2 feet deep and 7 feet long, would connect the
headwater pool to the pool crest at the fishway exit. The fishway exit pool crest would
control flow into the fishway. It would be constructed with different dimensions than the
other pool crests within the fishway. Concrete may be used to fine-tune the shape of the
exit pool crest to achieve the desired flow control.

8.5.2 Turnbays

Turns in the fishway are necessary to fit within the site constraints. The upstream-most
turn, at Pool 16, places the fishway downstream of elevated bedrock, shadowing it from the
main flow path of the stream at fish passage flow. The next two turnbays, at Pools 8 and 6,
turn the fishway orientation back towards the tailwater pool. The turn bays are designed to
dissipate energy from the plunging flow over the upstream weir before the pool turns by
maintaining a pool length of 9 feet along the shortest pathway of the flow. Turnbays with
turns greater than 60 degrees have a centerline-length that is at least 18 feet.

8.5.3 Entrance

The fishway entrance is connected to the tailwater pool of Steamboat Falls, about 130 feet
north of the main portion of the falls. The entrance weir is located at the edge of the
tailwater pool. Hydraulic drop across the entrance weir crest and into the tailwater pool
would be between approximately 1 and 1.5 feet during late-fall through spring. The entrance
weir may need to be slotted to create a jet that penetrates the tailwater pool and improves
fishway attraction. The existing boulders currently located on the bedrock shelf where the
tishway entrance is sited would need to be removed.

8.6  Fish Passage Performance

8.6.1 Fishway Design Flows

Alternative C was developed assuming it would not be the primary low-flow passageway, but
the existing fishway would provide passage during summer months. However, if low flow
passage in a new fishway becomes a primary objective, the flow control at the fishway exit
could be shaped, or modified after construction, to have either bedrock fishway operate at
low flows

The bedrock-concrete fishway should be designed to operate during the winter and eatly
spring, when the existing concrete fishway is most likely to be inoperable due to plugging
with sediment and debris (See Section 5.4). The streamflows that the new fishway would be
operable depends on the amount of flow entering the fishway. This is controlled by the
geometry of the weir crest at the bedrock-concrete fishway exit and the water level in the
headwater pool.

Fish passage hydraulics for Alterative C was calculated using the same modeling approach as
in Alternative A. The concrete weirs were assumed to function as sharp crested weirs. Flow
through the notch was assumed to transition to streaming flow at a depth in the notch

greater than 1.5 feet. Streaming flow through the notch was calculated as if it were a vertical
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slot, with plunging weir flow over the sloping crest beyond the notch. Table 8-1 summarizes
fish passage hydraulics for the bedrock-concrete fishway at a range of fishway design flows.

Low Fishway Design Flow

The low fishway design flow was defined as the flow that creates 1 foot of depth over each
weir, and occurs at a fishway flow of 6.5 cfs. Therefore, 6.5 cfs was defined as the low
fishway design flow.

Table 8-1. Predicted bedrock-concrete fishway performance.’

Fishway Flow 6.5 cfs 18 cfs 39 cfs 42 cfs
Depth over Weir 1.0 ft 1.5 ft 2.0ft 2.1t
Pool Depth 4.0 ft 4.5 ft 5.0 ft 5.1ft
EDF in Pool 0.8 ft-lo/s/ft’ | 1.9 ft-Ib/s/ft> | 3.8 ft-Ib/s/ft> | 4.0 ft-Ib/s/ft’

" Other fish passage criteria such as flow velocity and depth are well within fish passage
criteria at for all fishway design flows.

High Fishway Design Flow
The high fishway design flow was determined by the flow that creates an EDF of 4 ft-
Ib/s/ft in the pools, which is the maximum recommended EDF by ODFW.

At fishway flows above 6.5 cfs, water will exceed the capacity of the notch and flow over the
horizontal weir. This will concentrate flow down the center notch while providing plunging
flow along the edges. Assuming the entire receiving pool volume is effective at dissipating
the energy of the flow entering the pool, the recommended maximum EDF of 4 ft-Ib/s/ft’
would be reached at a flow of about fishway flow of 42 cfs. Therefore, 42 cfs was defined
as the high fishway design flow.

Streamflow at Fishway Design Flow
For the purposes of evaluating this alternative, the operable streamflows for the bedrock-
concrete fishway were assumed to be between 75 cfs and 420 cfs.

NMFES NW recommends that a fishway convey at least 10 percent of the total streamflow to
provide suitable attraction flow to a fishway. Therefore, at the high fishway design flow of
42 cfs, the bedrock-concrete fishway could provide adequate attraction flow up to a
streamflow of 420 cfs (35 annual exceedance flow, See Section 3.3.1) if the exit crest can be
designed to prevent excessive flow from entering the fishway. This seems feasible based on
interpretation of flow conditions from photos of Steamboat Falls at streamflows around 500
cfs.

During the summer, nearly all of the streamflow below about 75 cfs is conveyed into the
headwater pool of the existing concrete fishway. The bedrock-concrete fishway should be
designed to avoid capturing too much flow during the summer that would make the
concrete fishway inoperable. Therefore, the new fishway should be designed to become
operable (fishway flow of 6.5 cfs) at a streamflow of about 65 cfs. At a streamflow of 65 cfs
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and a low fishway design flow of 6.5 cfs, the new fishway would provide an attraction flow
of about 10 percent, which satisfies the recommended NMFS NW criteria.

Final design of the bedrock-concrete fishway exit and determination of its operable
streamflows requires collection of additional topographic information, and possibly some
direct measurements of water levels in the proposed headwater pool at various flows.

8.6.2 Operations and Maintenance

The bedrock-concrete fishway is not expected to have any operational or maintenance
requirements. It is expected to self-maintain similarly to the natural falls within the area.
Sediment is expected to be scoured out of the pools during large flow events (See Section
8.7.3). There is a small risk that a piece of large woody debris could occasionally become
jammed in the fishway in a manner that would adversely affect fish passage. If this occurs, it
may be necessary to cut or remove the wood to restore fish passage.

8.7 Anticipated Design Performance
8.7.1 Structure Shaping

It is expected the bedrock-concrete fishway can be shaped within the face of the existing
falls by removing the blocks formed along the bedrock joints. Some uncertainty exists
around the subsurface bedrock jointing, which will govern the shape of the fishway pools
and length of the concrete weirs. This will likely create natural variability within the fishway
that may cause some portions of the fishway to have lower EDF values due to the larger
pools.

8.7.2 _Fish Passage Streamflows

As previously discussed in Section 8.6.1, there is uncertainty regarding the range of
streamflows the bedrock-concrete fishway would be operable. Collection of additional field
information during final design would help better define the range.

8.7.3 Sedimentation

The proposed bedrock-concrete fishway pools are not expected to experience any significant
sedimentation. The large drops from crest to crest will scour and transport most deposited
sediment. Additionally, during large flow events, when the stream is transporting large
amounts of bedload, flows are expected to cascade into the new fishway from upstream,
providing a tremendous amount of scouring force that will dislodge any deposited sediment.

8.7.4 Adaptive Management to address Uncertainty

If constructed, physical and biological monitoring should be conducted to verify that the
fishway performs as desired. Modifications to the bedrock-concrete fishway could be made
if post project monitoring identifies issues to be addressed. Modifications could involve
removal of additional bedrock or use of concrete to modify the crests.

If in the future, the existing concrete fishway is no longer functional and decommissioned or
demolished, the bedrock-concrete fishway could serve as the sole passageway over the falls.
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Additionally, if the existing concrete spillway is severely damaged or destroyed, such as
during the 1964 flood, the new fishway will continue to function. In either situation,
modifications may be required to the bedrock-concrete fishway exit crest to ensure it
receives sufficient flow during low summer flows.

8.8 Cost and Constructability

The feasibility level cost estimate for Alternative C modifications is $583,000. The existing
fishway can either be left as-is or modified as recommended in Alternative A. A detailed
breakdown of the cost estimate is provided in Appendix I.

Similar to Alternative B, Alternative C includes excavation of a bedrock channel, but
includes installation cast-in-place concrete weirs rather than the bedrock crests in Alternative
B. Forming the weirs out of concrete will allow specific weir dimensions and elevations to be
achieved, eliminating the uncertainty of weir crest dimensions associated with Alternative B.

The concrete weirs would span the bedrock channel and be keyed into the channel bed and
sidewalls to resist the forces from flowing water. Small charges or hammer drills may be
necessary to make keys in the channel bed and sidewalls for the concrete. It will also be
necessary to dowel the concrete into the bedrock along the length of the keys.

Dewatering and construction access would be similar to Alternative B. Concrete required
for the weirs would likely need to be pumped from a mixing truck on the north side of the
channel. It is suggested that geotechnical or structural engineer be present during the
bedrock excavation and forming of the concrete weirs.

Steamboat Falls Fish Passage Evaluation and Alternatives Analysis
Michael Love & Associates Winzler & Kelly



Approximate Edge of
Bedrock Excavation

Pools Excavated
Bedrock

New
Into

Fishway Entrance

See Typical Plan;
Profile and Section,
Figures 9-2, 9=3

_—

N
N
N
N

Tailwater Pool

Edge of Pool Follws
Bedrock” Joints, Typical

New Concrete Weirs
/va\ma Into Bedrock

— “ Exit Channel

APPROXIMATE ORIENTATION

OF BEDROCK JOINTS

‘.\/
\ Existing Thalweg

AR

! V5

\
\ Headwater Pool for
/\wmaaoox Fishway

Headwater Pool of
Existing Concrete
Fishway

8.62%

Elevation (ft)
00
o

, Pool Number

LAYOUT
BEDROCK—CONCRETE
FISHWAY |
120
110 | Pool Crest at o Pool Crest at
i : Existing Ground Fishway Exit 1
[ Fishway Entrance /C 1
100 1 FLEV=72.5 \\ ELEV=91.5

1420
Station (ft)

PROFILE
BEDROCK—CONCRETE FISHWAY

\

ALTERNATIVE C:
BEDROCK-CONCRETE FISHWAY

STEAMBOAT FALLS

N\

Figure 8-1. Alternative B Bedrock Fishway layout and profile.

N
J

PO Box 4477 @ Arcata, CA 95518 @ (707) 476-8938

Michael Love & Associates

SUBCONSULTANT:

L - WINZLER & KELLY

(¥

|

STEAMBOAT FALLS FISH PASSAGE PROJECT
The North Umpqua Foundation
L ALTERNATIVE C: Bedrock-Concrete Fishway J

\—

DATE
Dec. 2009

SUBMITTAL
Concept

DESIGN
Love / Llanos

DRAWN
Llanos

FIGURE

8-1
—




\_

Top of Excavated
\\quaox

Bedrock
Pool, Typical

Weir Crest, Typical
1 ft Thick Concrete

Water Surface
Drop 2 — 3 ft

r=1

I
” I
k=
] ]

Residual
Pool Depth

Min 3.0 ft TYPICAL PROFILE
BEDROCK POOLS WITH CONCRETE WEIRS

Water Surface Elevation
Upstream Upstream Pool
Weir Crest Existing Ground
, /
8 / / .
% Stepped Pattern Will
result From Natural

Jointing in Rock

Keyed Min 1 ft
Into Bedrock

Stepped Cut—Slope
at #1 to 1:1 (H:V)

Pool Surface

,
Pool Width 14—18ft

TYPICAL SECTION
BEDROCK—-CONCRETE FISHWAY
(Looking Upstream)

ALTERNATIVE C: BEDROCK-CONCRETE FISHWAY
STEAMBOAT FALLS

Figure 8-2. Idealized plan view of Alternative B Bedrock Fishway.

\
J

PO Box 4477e®Arcata, CA 95518 @ (707) 476-8938

SUBCONSULTANT!

(

Michael Love & Associates

WINZLER & KELLY

h 4
v

[y

]

STEAMBOAT FALLS FISH PASSAGE PROJECT
The North Umpqua Foundation
L ALTERNATIVE C: Bedrock-Concrete Fishway J

N—

DATE

Dec. 2009
SuBmITTAL

Concept

DESIGN
Love / Llanos
DRAWN

Llanos

FIGURE

8-2




APPROXIMATE ORIENTATION
OF BEDROCK JOINTS

ALTERNATIVE C: BEDROCK-CONCRETE FISHWAY

STEAMBOAT FALLS

\.

Figure 8-3. Idealized profile and section of Alternative B Bedrock Fishway.

N o ,
[
= 3
Sel A
ol O
-3 m
S.
il 7
o
03| ¢
> g
og|l H
=< -
°5 N
3| Z
hm..I
.wOmW
e |
5
(0]
F
Wmu
18/

]

STEAMBOAT FALLS FISH PASSAGE PROJECT
The North Umpqua Foundation
L ALTERNATIVE C: Bedrock-Concrete Fishway J

|

DATE

Dec. 2009
SUBMITTAL

Concept

DESIGN
Love / Llanos
DRAWN

Llanos

FIGURE

8-3




February 2010
Page 82

9 Comparison of Alternatives and Recommendations

9.1 Comparison of Alternatives

Alternatives were compared qualitatively to determine if they could meet the following
conditions:

e Ability to provide passage through an appropriate flow range and site conditions

e Minimum operation and maintenance requirements, including ability to pass
sediment and debris with minimum intervention

e Acceptance of design approach to resource agencies
e Constructability issues and associated costs

e Durability and longevity considering high flow events

A matrix was created to allow direct comparison of alternatives (Table 9-1). The ratings
used are “poor/fair/good/excellent” and “low/medium/high/highest”. Ratings are
qualitative and based on professional judgment. In the end, the best alternative is not
dependent solely on its ratings, but on the weight given to each category. The following
sections discuss the performance of each alternative relative to each category.

9.11 Streamflows Providing Fish Passage

Streamflows common during the peak months of summer steelhead migration, from May
through July, range between 30 cfs and 300 cfs. For steelhead attempting to pass over the
falls from December through April to spawn, fish passage will likely be limited to winter
baseflow conditions, as high flows recede following storm events. During typical dry,
average, and wet years the lowest flows that typically occur from December through April
are approximately 100 cfs, 300 cfs and 400 cfs, respectively. To meet the objective of fish
passage over the falls, the passage facility should operate at flows from 100 cfs to
approximately 400 cfs, or higher, during December through April.

Ranges of operational fishway flow and total streamflow were developed for each alternative.
For Alternatives B and C the high fish passage design streamflow was defined as the flow
that the turbulence, measured as EDF, becomes excessive in the fishway. Both alternatives
would operate at streamflows above 400 cfs.

The low fish passage streamflow for Alternatives B and C were set at about 75 cfs and 65
cfs, respectively, to allow the existing concrete fishway to become the primary passageway
during low-flow periods. FEither alternative could operate at much lower streamflows, but
this could reduce the high flow operation or compromise the performance of the existing
fishway at the lowest flows, or both. The fish passage streamflow range would be better
defined during the final design of Alternative B or C, and could be shifted downward or
upward depending on the objectives.
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The widest range of fish passage streamflows is associated with Alternative A, Levels 2 and
3. However, unlike Alternative B and C, fishway hydraulics for Alternative A fail to meet
ODFW and NMFS NW fish passage criteria at most flows. Because large numbers of
steelhead are regularly observed swimming through even poorer passage conditions in the
existing fishway, an alternative criterion was applied to establish the high fish passage design
flow for Alternative A. This flow was defined for each Level as the streamflow that results
in water overtopping the new rooftop curb. At this flow, water begins to sheet across the
roof and plunge across the entrance, likely creating a distraction for fish attraction. Though
Alternative A Levels 2 and 3, have larger ranges of fish passage streamflows than the other
Alternatives, fish attraction may be diminished at the highest flows (See Section 9.1.5).

All levels of Alternative A create hydraulic conditions that meet ODFW and NMFS NW fish
passage criteria at streamflows less than 22 cfs. The high passage streamflow for Alternative
A Level 1 is about 400 cfs. If this was selected as the preferred alternative and no other
modification was made or alternative fishway was built, steelhead migrating from December
through April may not have passage over the falls during wet years.

9.1.2 Low Flow Passage Performance in Fishways

Alternative A was developed to have relatively good fish passage conditions during periods
of low streamflow. Currently, large numbers of summer steelhead use the existing fishway
during the lowest flows. With Alternative A Level 1 improvements, low-flow hydraulics will
be dramatically improved, through increased water depths and decreased turbulence.

Alternative B and C were developed assuming they would not be the primary low-flow
passageway; the existing fishway would provide passage during summer months. However,
if low flow passage in a new fishway becomes a primary objective, the flow control at the
fishway exit could be shaped, or modified after construction, to have either bedrock fishway
operate at low flows (See Section 9.1.4). If this were the case, Alternative C would operate
better than Alternative B at low-flow. The notches in the concrete weirs will concentrate
low flows, and the narrow thickness of the weir allows fish to quickly pass over the weir,
while Alternative B, requires fish to swim through 4-foot long chutes that have a short
distance with water depths less than 1-foot at low flows.

9.1.3 High Flow Passage Performance in Fishways

Alternative C appears to have the best high flow passage performance. The concrete weirs
are designed using standard pool-and-weir methods, which have a long record of reliable
performance. Additionally, the drops are only 1-foot, reducing turbulence and unsteady
hydraulics more than with the 2- to 3-foot drops in Alternative B.

The pools in Alternative B are long and the entire pool volume may not be effective at
dissipating the flow’s energy. If the energy is unevenly dissipated within the pool, Alternate
B may create excessive turbulence close to the pool crest drop at high fishway flows. This
could result in lowering the predicted high operational fishway flow.

Despite the high values of EDF for Alternative A at higher flows, the high operational
fishway flow may be higher than predicted. At high flows, water both plunges over the
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weirs and streams through the slot. Because the slots are located along the left side of the
pools, a less turbulent passageway would likely be provided along the right edge of the
fishway, where fish could swim over the weirs away from the more turbulent flow near the
slots. It is difficult to predict the exact flow that the turbulence along the right side of the
fishway would become excessive, and block fish passage.

9.1.4 Flow Control

The ability to control the amount of flow entering the fishway during variable streamflow is
essential to achieving the desired fish passage streamflow range. Alternative A Level 1 relies
on the existing spillway and exit ports, and the new slotted weirs in the exit channel to
control fishway flow. Water level in the existing headwater pool does not fluctuate much
with changes in streamflow, allowing for relatively good flow control. Stoplogs could be
installed across the bottom of the exits ports to reduce fishway flow, if desired.

Alternative A, Level 2 and 3 provide increased flow control with the use of adjustable gates
at the exit ports and spillway. The spillway gate could be set at any height between the down
and fully-raised positions and the stoplog gate at the exit ports could be easily changed at any
time. Rehabilitation of the AWS in Level 3 includes installation of a flow control value,
which would allow for additional control of the flowrate discharging from the fishway for
attraction.

Alternative B and C rely on the shape of the exit weir crest as a primary means of controlling
flow entering the fishway. Because Alternative C would use concrete, the shape of the weir
could be more precise, providing improved flow control. Alternative B could also use
concrete for the exit crest, if desired, rather than relying on the bedrock excavtion to obtain
the weir shape. For both alternatives, upstream most pool in the fishway would be designed
such that the south side of the pool would spill water out of the fishway at higher flows,
helping to limit the amount of flow going down the fishway.

9.1.5 Fish Attraction

In Alternative A Level 1, the fishway conveys more than 10 percent of the total streamflow,
meeting attraction flow criteria. Level 1 improves fish attraction from existing conditions by
using a rooftop curb to prevent water from sheeting off the fishway roof and spilling into
the tailwater pool at the fishway entrance. Currently it begins sheeting off the roof at around
140 cfs, with the addition of the rooftop curb flow would not overtop the fishway until
approximately 400 cfs. Level 1 also includes improvements to the entrance weir to produce
a water surface drop across the entrance at most fishway flows. The resulting jet from the
drop will penetrate the tailwater pool and help fish find the entrance.

With Level 2 modifications, fish attraction at the highest fish passage streamflows would be
fair. Between 400 cfs and 600 cfs the fishway conveys about 8 to 6 percent of the total flow,
falling short of the desired 10 percent minimum. Level 3 modifications attempt to rectify
this deficiency by providing auxiliary flow to the fishway entrance. This increases the
percentage to about 11 to 8 percent for flows between 400 cfs and 600 cfs, respectively.
However, at flows above about 400 cfs the tailwater pool around the fishway entrance
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becomes increasingly turbulent from water plunging over the falls. It is possible that fish
may not swim through this turbulence in search of the entrance.

Fish attraction for the bedrock fishways proposed in Alternative B and C is good in terms of
percentage of streamflow. However, site conditions may reduce attraction. The fishway
entrance for both alternatives is downstream of the main falls. This places it away from the
turbulence created by the falls at high flows, but also places it slightly downstream of the
barrier. Fish could swim by the new fishway entrance and have to swim back downstream
to find it, resulting in a migration delay.

Alternative B has water flow through an existing “boulder field” and into the tailwater pool.
Alternative C would create an attractive flow jet using a slotted concrete weir placed at the
edge of the tailwater pool, which may provide better attraction conditions than Alternative
B.

9.1.6 Certainty of Performance

Alternative A Level 1 hydraulic performance would be affected by sedimentation. Sediment
between the slotted weirs could increase water surface drops and turbulence in some
locations. The exit channel modifications are intended to improve sediment transport, but it
remains susceptible to deposition of coarse sediment. Additionally, slots are prone to
clogging with small debris and large cobbles. If slots clog and sedimentation occurs in the
exit channel, the fishway should continue to function, but with a decrease in fishway flow
and attraction flow.

Alternative A Level 2 modifications involve use of a mechanical gate on the spillway. Even
the best-suited gate for this environment is prone to problems associated with fine sediment.
Any gate will require occasional maintenance and repair to keep it operational.

Alternative A Level 3 modifications are subject to problems with collection of debris and
sediment on the AWS intake grille and sedimentation on the diffusers in the entrance bay.
This could reduce the AWS flowrate and increase intake water velocities above criteria,
risking impingement of juvenile salmonids and other aquatic organisms onto the intake
grille.

Alternatives B and C are expected to perform well, with a high degree of certainty. For
Alternative B the entire pool volume was used to evaluate turbulence and define the high
operational fishway flow. However, the pools in Alterative B could become too turbulent at
flows lower than predicted because the effective pool volume for dissipating energy may be
smaller than the entire pool (See Section 9.1.3). This would reduce the operational fishway
flow range from the range currently predicted.

9.1.7 Ability to Satisfy Agency Hydraulic Design Criteria

Alternative A Level 1 modifications increase water depth in the pools between the slotted
weirs in order to meet ODFW minimum pool depth criteria of 2 feet at all fishway flows.

However, EDF exceeds ODFW and NMFS NW criteria at fishway flows above 22 cfs. This
was considered acceptable since large numbers of steelhead currently pass through the
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fishway when the EDF is much higher than predicted with Level 1 modifications. Also, the
location of the slot at the side of the fishway concentrates the area of higher EDF, and will
allow fish to leap over the weirs from the lower EDF zone away from the slots. Level 2
modifications of adding gates at the exit ports and spillway meet agency criteria. Level 3
modifications meet NMFS NW criteria for auxiliary water systems.

Water surface drops between weirs ranges from 2 to 3 feet for Alternative B, exceeding the
1-foot maximum drop criteria. However, this drop height is well within the leaping ability of
adult steelhead and Chinook salmon and is less than some of the naturally occurring drops
fish must pass over to reach Steamboat Falls. During low flow, the minimum depth is not
achieved for a short distance along each chute; however depth is sufficient for fish
locomotion even in these shallow sections. Because the pools in Alternative B are long, the
entire pool volume may not be effective at dissipating energy. An EDF value higher than
criteria may develop close to the drop at the bedrock pool crest at high fishway flows,
possibly reducing the high operational fishway flow.

Alternative C appears to meet agency hydraulic criteria.

9.1.8 Operation and Maintenance Obligations

With Alternative A Level 1 modifications, the fishway will still require annual inspection and
some level of sediment cleanout each spring. Modifications to keep flow off the fishway
roof will allow maintenance to occur earlier than under current conditions, and will allow
inspection during winter baseflows. Because of the weir modifications, it is anticipated that
the cleanout will not be as extensive as under current conditions. Level 2 modifications will
require one additional site visit by ODFW staff to adjust the new gates into their “winter
settings” each fall. Some maintenance of the spillway gate would be required every few
years, and some repairs may be needed on a less frequent basis. Level 3 modifications could
dramatically increase the amount of maintenance needed. The intake grille should be
regularly inspected during winter baseflow conditions, and buildup of small debris and
sediment should be cleaned off the grille. During the spring inspection, sediment within the
entrance bay may need to be cleaned out to keep the AWS diffusers performing as intended.

Alternatives B and C are expected to require the least amount of maintenance and have no
operational requirements. Large wood may occasionally become jammed within the fishway
and may reduce fish passage. In such situations, the wood would need to be removed or cut
to remove the blockage. As with any concrete placed in a stream, regular inspection is
recommended and eventual repair may be required.

9.1.9 Debris and Sediment Passage

Alternative A Level 1 modifications improve sediment transport in the exit channel and the
lower 5 weirs, by adding slots to them. However, the 1.5-foot wide slots are susceptible to
plugging with small debris. If plugged, sedimentation upstream of the slot is likely to occur.
Level 2 modifications should reduce the amount of sediment entering the fishway, which
may reduce sedimentation within the fishway. There is some increased risk of catching
debris on the exit ports during extreme low flow periods in the winter because the pool
surface may drop so low that the top of the ports are exposed and floating debris may get
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caught in the ports. Level 3 modifications are more vulnerable to sediment and debris
because of the dimensions of the opening in the AWS intake grille and diffusers.

Alternatives B and C are expected to pass sediment and debris with little difficulty. The
widths of the pools, weirs and bedrock pool crests are sufficient to allow large wood to be
transported down the fishway at high flows without jamming. During large flow events,
when sediment is in transport, the water will inundate the entire falls. During these flows
water will be plunging down the excavated bedrock side-slopes and into the bottom of the
fishway, creating large scouring forces. Additionally, both alternatives have relatively high
values of EDF at relatively low streamflows, which is expected to scour sediment from the
pools on a regular basis.

9.1.10 Footprint

The footprint for Alternative A modifications is limited to the existing concrete fishway and
headwater pool. Level 1 modifications are limited to inside and on the roof of the fishway.
Level 2 modifications have a slightly increased footprint associated with reconstruction of
the spillway. Level 3 modifications are limited to the AWS intake.

Alternative B has the largest footprint, with Alternative C having a slightly smaller footprint
than Alternative B.

9.1.11 Construction Complexity

All of the alternatives are expected to have similar challenges associated with working in a
remote site. Alternative A and C, and possibly Alternative B to a lesser extent, have the
challenge of getting concrete to the site. Alternative A Level 1 involves standard concrete
formwork that most contractors have extensive experience with. However, the concrete will
need to be pumped to the site and/or mixed onsite, adding some logistical challenges.

Alternative A Level 1 and 2 involves fitting prefabricated mechanical pieces, including the
spillway gate and actuator for Level 2, and the intake grille and flow control valve with
porosity control for Level 3. This adds some complexity to the construction.

The bulk of the excavation in Alternatives B and C is expected to be straightforward due to
the fracture pattern of the bedrock. For Alternative B, the final shaping of the pool crest
and the level of construction inspection and onsite engineering increases the complexity.

For both Alternative B and C, determination of the disposal area for the excavated rock will
also have a large affect on the complexity and cost. If the rock cannot be disposed of onsite,
an access ramp suitable for dump trucks will need to be constructed from Steamboat Creek
Road down to the top of the falls. Otherwise, the access ramp only needs to be suitable for
excavation equipment, which can traverse much steeper slopes.
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Existing Alternative A Alternative A Alternative A Alternative B | Alternative C
Conditions Level 1 Level 1&2 Level 1-3
Bedrock Fishway
Internal Fishway | Exit Ports & Spillway Bedrock w/Concrete

CATEGORY Modifications Modifications AWS Rehabilitation Fishway Weirs
FISH PASSAGE

f&e;?sfs'g‘g”: providing 25t0200cfs 21 to 400 cfs 1:;:’04::;::5(:?;2?;) 158;:’04::0':::::';:::;) 75t0440 cfs | 65 t0 420 cfs

Low flow passage performance Fair Good Good Good Good Excellent

High flow passage performance Poor Good Good Good Good to Excellent Excellent

Fishway Flow control Fair Fair Good Good Fair to Good Fair to Good

Fish attraction Poor Good Fair Good Fair to Good Good

Certainty of performance Poor Good Good Fair Good Excellent

Satisfies agency design criteria Poor Fair Fair Fair Fair to Good Excellent
OPERATION AND MAINTENANCE

O&M obligations High Medium Higher Highest Low Low

Debris and sediment passage Poor Fair Good Fair to Good Excellent Excellent

Durability Good Excellent Good Good Excellent Excellent
OTHER

Footprint N/A Low Medium Medium Highest High

Construction complexity N/A Low Medium Medium Medium Medium

Probable construction cost N/A $255,000 $415,000 $655,000 $410,000 $585,000
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9.1.12 Probable Construction Costs

The probable construction cost for each Alternative is presented in Table 9-1. Construction
costs and a contingency were developed considering the difficult access to the project area
(Alternative B and C) and the uncertainty associated with the conceptual level of the design.
Excavation costs for Alternatives B and C were based on the assumption that excavated
material can be disposed of on site. Costs do not include maintenance costs. The
construction costs also include a cost for engineering design and structural inspection of the
existing fishway. Costs do not include preparation of environmental documents, permitting,
or consultation with agencies.

Construction of Alternative A Level 2 will possibly slightly reduce the amount of sediment
entering the fishway, but will require a small increase in operational effort compared to Level
1. The cost increase between Levels 1 and 2 may not merit the benefit of reducing sediment
supply while decreasing attraction conditions.

Construction costs for implementing Alternative A Levels 1-3 is the highest cost of all
alternatives, yet provides the least benefit for the cost. Implementation of Alternative A
Levels 1-3 does not provide optimal fish passage conditions at higher flows. Expected
sedimentation will likely impact performance and will require an increase in maintenance
efforts.

Alternative C is slightly more expensive than Alternative B, but meets all fish passage design
criteria, unlike Alternative B. The concrete weirs allow specific design criteria to be met
without the uncertainty associated with excavation and bedrock jointing in Alternative B.

9.2  Alternatives Considered but Not Developed

Besides the alternatives described in this report, a number of other alternatives and
modifications were examined but considered infeasible, unreliable and problematic, or not
meeting project objectives. Some of them are discussed in the following sections.

9.2.1 Restoring Headwater Pool Sluicing System

It is evident that the sediment sluicing system in the headwater pools, below the AWS intake,
is prone to becoming overwhelmed with sediment. Replacement of the existing sediment
sluice gate with a gate that could either be left open or automatically open during high flows
in the winter was explored, but found to be costly and problematic. If left open during
winter base flow, the headwater pool would be drawn down too low to allow flow into the
fishway. A gate that automatically opens would require power to the site, as well as regular
operation, inspection, and maintenance.

9.2.2 Sediment Deflection Wall at Fishway Exit

Placement of a sediment deflection wall near the fishway exit ports was explored, but
considered to have considerable risk. A deflection wall would change flow patterns in the
headwater pool, eliminating the jet of water that keeps it scoured clean in front of the exit
ports. Instead, sediment could deposit behind the wall and in front of the exit ports,
reducing or blocking flow into the fishway.
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9.2.3 Headwater Pool Modifications

Reshaping the headwater pool in conjunction with the deflection wall was also considered,;
eliminating the sediment sink and ramping the pool bottom up to the spillway crest.
Although this may assist transport of sediment over the spillway, it could also create flow
patterns in the pool that “eddy” back towards the exit ports, increasing entrainment of
sediment into the fishway.

9.2.4 New Fishway in Location of Existing Fishway

Removal of the existing fishway and replacement with a new fishway was examined. This
area of the channel is the main flow path of the creek during high flows, making it a
problematic location for sitting a new fishway, whether it is bedrock or concrete. The
existing fishway does provide passage of large numbers of summer steelhead once it is
unplugged. The cost of demolishing the existing fishway and the benefit of constructing a
new one in its place is seen as unjustified, and with little benefit.

9.2.5 Smaller Bedrock Fishway

A smaller and steeper bedrock fishway was considered to reduce the project footprint and
cost. Initial computations found that increasing the drop heights and/or reducing the pool
volumes caused the fishway to either become excessively turbulent at relatively low
streamflows or convey insufficient proportion of the streamflow for fish attraction. The
narrow range of operational streamflows associated with a smaller and steeper bedrock
fishway failed to satisfy a fundamental design objectives, passage of winter steelhead during
their period of migration, and was not further developed.
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10 Recommendations and Additional Studies

10.1 Recommendations

The objective of this study was to identify and develop to the initial concept design level
upstream fish passage alternatives for Steamboat Falls, estimate concept design level
probable construction costs, and then compare the advantages and disadvantages of each
alternative. All of the developed alternatives are believed to be feasible, with varying levels
of uncertainty associated with each. The selection of a single preferred alternative depends
on many of the factors listed in the summary and comparison tables (Table 9-1) and the
importance placed on each one by the various stakeholders.

Based on findings in this study, we recommend implementing both Alternative A Level 1
modifications and Alternative C. Combined these alternatives provide redundancy and year-
round passage for winter and summer steelhead and spring Chinook. Though Alternative B
would provide similar fish passage conditions with increased esthetic qualities, it includes an
increased level of risk regarding the ability to achieve the desired shaping of the bedrock
controls during construction.

10.2 Additional Field Measurements and Site Investigations

This report is intended to guide the selection of a preferred alternative, or alternatives. Once
the selection has been made, some additional field measurements and site investigations may
be warranted as part of final design. They include measuring water surface level of the
tailwater pool below the falls across a range of flows (for all alternatives), measuring the
water surface level across a range of flows in the proposed headwater pool for Alternatives B
and C, conducting a detailed structural inspection of the existing fishway when it is
dewatered to design any needed repairs, and conducting a topographic survey of the falls and
potential access route(s) for Alternatives B and C.
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Photographs of the Project Site
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Photo 1. Looking upstream at the Steamboat Falls, the concrete spillway and
headwater pool, and the fishway exit.

Photo 2. Looking downstream from the fishway at the long tailwater pool below
the falls.
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Photo 3. Looking upstream at the fishway roof, exit ports (under water) and
location of the AWS intake, which is currently sealed shut.
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Photo 4. Looking down from the adjacent campground to the fishway entrance.
At low flows the water going over the spillway is directed towards the entrance,
which is likely beneficial for attraction.
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Photo 6. Fishway entrance and spillway. of the sediment sluice

pipe for the headwater pool.
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Photo 7 Looking u the sediment sluice pe at partially opened slide ga
plugged with sediment.

Actuator for sediment
sluice gate

Photo 8. Dama

ged actuator for the sediment sluice gate on the spillway crest.
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Photo 9. Exit ports (underwater) and stoplog guides in headwater pool.
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Photo 10. Flow entering the headwater pool scours the face of the exit ports,
preventing sediment buildup.
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Photo 11. Slotted concrete weir with nearly 3-foot drop in the water surface due
to large cobbles clogging the bottom of the slot.

Photo 12. Sedimentation in the éxit channel between
the exit ports and Slot 20. Taken during annual
cleanout on July 3, 2009. (photo courtesy of ODFW)
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Photo 13. Small woody debris clogging Slotted Weir 18, taken during annual
cleanout on July 3, 2009. (photo courtesy of ODFW).

Photo 14. Spalled concrete on cross-member inside fishway
(photo courtesy of ODFW).
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Photo 15. Concrete spillway and fishway exit at low flows, with all streamflow
conveyed in fishway. Note spalled concrete and rebar exposed in numerous
locations on the face of spillway.
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Photo 16. Rebar exposed on face of concrete spillway.
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Photo 18. Estimate Flow o 68 cfs.

Appendix A: Site Photos Page 9 of 13



Photo 19. Estimated Flow of 123 cfs. Substantial proportion of streamflow
bypassing spillway. No flow spilling off fishway roof.

Photo 20. Estimated Flow of 151 cfs. Note flow beginning to overtop at both the
upstream end and downstream end of the fishway roof. Nearly half the flow is
bypassing the headwater pool as it goes over the falls.
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Photo 21. Estimated Flow of 400 cfs. Approximately the high fish passage
streamflow for Alternative A, Level 1 Modifications.

Photo 22. Estimated Flow of 451 cfs. Looking across the channel at the northern
portion of the falls and the tailwater pool.
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Photo 23. Estimated Flow of 451 cfs. Note that flow over the northern section
of falls is minimal (top of photo).
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Estimated Flow of 519 cfs. Note the turbulence at the fishway
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Photo 24.
entrance.
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Photo 25. Estimated Flow of 519 cfs. Note the water flowing onto the fishway
roof from upstream.

Photo 26. Estimated Flow of 744 cfs. Note the extreme turbulence near the
fishway entrance.
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1958 Steamboat Falls Fishway Plan Set
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APPENDIX C

1966 Repair Plan Set for Steamboat Falls Fishway

Steamboat Falls Fish Passage Evaluation and Alternatives Analysis
Michael Love & Associates Winzler & Kelly



o-320

b e @400

CL.IMIT OF WORK.

PORTLAND, OREGON

7T 1 |
—~ RN Vada¥ RN !
_____________ o N e e e o i e e o o i o N e e e e e o e e el e e ot e e e e e e o ! \_w______u_______________-___J
2tgry 2@ THATCHWAY  —z | ’
(cOVER GoME )
BEPLACE FEAME
TNb HATEH COVER
2hge.x2"8"
1 HRATCHWAY
i .
1 OTE T — .
§ ZEMOVE APDROXIMATELY 200 cul. 2DS.
i EAND & GRAVEL FROM INTLRIOR OF .
Fisd LADDER . " HOLE FOR —gb
" o o S o e«-;zg:uos GRYE FISW LWNTRANCE g
< N + - N +
a E 8 Q : b FEM 2 ——— 2 3 |
{ 3. S Q 4 uj ° 9 Se N . ;
| ¥ 4 b % a
! 3 T3 1 A3
g 9 3 3
| BEFERENCE )
‘ SeiT [ | | s
o200 . H H
| (3N  Fas 6. d it
! # 7% 7% TAETAL PP \ i
1 ian unknown) | g
1 ) - S—
e T e N M B | el [ TR - 2f § e sam e o fre
} W A = T v /R i SR 4 R
" e waLh : A 7 2. zparXad JuibE GRTE: L . oo t
i %74 y _ .
— 3 : IR |
M T . S o T e - — .
{ i 9 8 2 % 3 b e 0407
| i o o 3 @M. ELEY.872 TOP E oeaBts
< | o t 1 Q OF COMCBETE AT ¢
' Q o BOTTOM OF SATE - A N
\ ’ | £28
| FooTiNG L,‘:.Dos;:b) e 22 2O 4 /$" : b )% L P
: : i rosas— o PEINPBECED COMCEETE . s ) B o+¥ \
- o207 o - i - R
N ¥ D125 A
& ¢ - | A T el . o
LB § O e - - e e - SN a3le LA 1 WA -
1041 % : . ¥ N N
. _$_ Ol I s L LMD OF
(r ¢ . WoEE
3 g - CONCEETE
¥ afizs TR e e xisT G 2c
3 3 cconceE 3
b Ceomemagn. | ¥ ; . ik SHEL
N  Fhis akEA 8 l_.. i
£ orzg . : 04197 ¥ H
& Q* . s B u*& A T b iy o208
L COAT AREA WITH &7 LAYER OF Bl LR osatzs\ -
MG OMITE EEINFORGED WITH & LAYERS flo ie ¢ A i
Tota) bl VWIRE MESH. 313 prezs o ! ) Iy
3 {
SIS J - e o2 W
S ud w) at ) S
A {? Ohzd (P' Uiy ¢ W .? ] ;1 ? % g
< N p fhe
- - - - - - S
‘ GUZ5 78 Q
B -2 23
M oz7 ® "'7~7/{
o Ex22S 2 i * FiLL H#OLE_ WITH
® Sfe 4 COICEETE )
LIMIT OF WORK ¢ 1 e
N T 30,
o3 - e - 3
4 + [ oL - 2
s
5 - 3 & = et .
3 9 B 9 3 H 3 3 B s 04 3R, 5
3 & aQ Q q g T
3 [ § oF N
Q 9 l l 1 A x 2
3 » 9 4 187 e, WIDTH BEVOND B
i & ¥ A i ] EpGE OF WOLE b3
9 8 I Kv 9
l 1 l, \l 12 CONCEETE i
. : owe Sz e = KEW
oo ; ] T 1 & # DOWEL LOCATION
. 1 3 t . o 852 PROPOSED ELLVATIOM
| ] N oido & & & edeD % % 775 EXISTING  ELEVATION
o+z4 s - - - -
]_/ Vb l B A—— OREGON STATE GAME COMMISSION

orst T

=

a-10.
BpoO ———

P -

axzo

ouio

O FBO e

|
!

arso

orsa
C¥70
orac

PEINFORCING MAT DIAGRAM

PRIMARY

DOWELS * 6 OES 4O~ INTO

STEEL BETWEEN, DOWELS 76 BAES.

CCL

C+00

B
Or2?

Dpf2 e

ordo

STEAMBOAT FALLS

~FISHWAY REPAIR ~
CELYISTING SITE4PLAN

Feones SULY ol | AR R e
O M JALOBTON

oarz_| REVISION BY

DEAWN  JULY ol
oM

AFPHOVED BY
DIRESTOR

CHEGKED

sHEET § oF GRAWING NT.

N —

]
T OIS TR I L

' - . T Z2-16-8




SLETX B " MITEH WA
1 BOOF :
NOTEL wear \NA\_L% At\)b
» ZOOF SLAB NOT SHO

2%87 X 287 HATCHWAY
M RODE

218 X2 8" HATCHWA
T oo

a~o°xzron FISH ExiT
POBTS -~ GATES AT
ShE WA

TYRICA i
DIMENDIONS

{ ST g o X 20 CLEANOUT
“ AT . : N : i GATE

< e . - . &
‘

Fig ENTRANCE

IFTCMP AUXILIA
WATER FIPE

NOTE™

ACCESS TO INTERIOR 1S LIMITED

TO THE 4 ROOF \—\A"\'CHWA‘%S A\\)h
. TUE TiSH EVTRAMCE & L
ALIXILIARSY " WATEER E.ACA-K WE\‘?. HAS A& SMALL ( 8"Xlz') PoP.‘r
CABAMBEE - THE CELMTEE AT FLOOR LEVEL TH
» =/ua' ® cLosuRe
KA T - .- WOODEN ézawua-
. . SPRACED /X

KPPROXIMATELY 200 clU.whs TO BE
BEMOVED . ( SAND ~GRAVEL)
)

I OREGON STATE GAME COMMISSION
PORTLAND, OREGON .

STEAMBOAT FALLS
FISHWA®  REPAIR
D\AG\ZAM 4 EXISTING
CISHWAY INTERIOR

DESBRED @t | ArrRoves By
ay SULY b CHIEF CHGIHERR

a1 osvE | mEViEio
D M JACDBHON
i - ‘Areroyet SY
2 AUG b | TR
oM
GHECKED e ] oF GRAWING NO.
GCALE V6" s ShON 4 onesTd 27;@"%‘ ”A




j——o-20

o-o

ot BIXTX Ve R
WELD

COV&E

. }__ & igvee

EDGE DRIl ",

b o FISH EXIT
WALL

oo

o)
O30

'GUNITE® BEMFORLED
WITH 2 LAVERS bé/ﬁ:b WIBE MESH

Yo BURERUE L (2343
1 “Ya* Rao
2T X1 Y2,

HATCHWAY REPLACEMENT DETAILS

2.

Z

ata

E

3
by
Q

O 40 s e e e

PR } 228
l 1-35" . fav
T ¥ I = s IE
o i IS
i £E Bimee I, i : Yof
! SEACE o 1]
3 b
' [ Kl IR
Y2 KR K 2 b 1 4 Q 1Y
¥ N ': w . i b
N /,A;R,_ [T R
F: N ] N =
Q P2 S
b 4 sl o g M
[T S
bSO
eXE X4 ). M LR
3 H
\ t il b
’\ i 1
L L i
<.
AME LRSS HATER A [ COVER

or30

-
<

I~ ELEV. 908 /

SCALE /7w ilO”

k2O

o VR K YR X P
a2z yex vire i

o+07
os03
OO0

5

Y
¥
+
S

LME of DOWELS {00 5
ROM SISH EXer WALL
¥
N

EXISTING
] ROCK (INE

STEUCTURE

EX/ISTING

e

SE.COMDAEV STELL  MAT

o]

On g0}

Osée]
(=%

0480

rEmEOREES, BEINFOLCESD i

|
| |
| |
L—'L‘ “"5&' DVOWELS \6

€E SRNERT

TOGLETHLE . SEE SHLET Foa

Gennre COMCRETE

—<
Lo INTO BOCK

FOR LocaTiOwn

SECTION C-C

25 -O‘AWEST AT MAT WALL

. { . LE
| LING E
i 'DSECZ;LAEIB’ 1L0”
] - NOTE:
t¥e? sreas PRIMARY  STEEL MAT oF "'b BAES TlE.S BQWLLS

of ¥ 35 BARS 12"0C.EW.

OWS THE CohsT tz;uzAT\cw OF THE CONCRETE
E ACE , &' BELOW SURFAC

~

3
bS
)

(=2

9 Q ]
3 3 b1 b3
Q o Q Q
o
[

ELEV. 902

LINE or DOWELS 2040
FEOM MAIN WALL

[=22-%
oroc

CrXG" X o B 3
wh REWE ME) ZJ* 57/5”; BOD

|
l
|

NOTEZ LARGE RBOCK
MAY BE PLACED 1h)
S BT Briow sLev s

oRL 1"

ELEM,

PRIMAR
SECTION

Lo

-

7 =
gug} s N .
£
2

/'-Ia”

~DETAIL-~
ANCHOR BOLT

MAKE 10
SCALE /er=/o"

SELONDARY MAT
#S BARS /270G E.W.

LG Wz R

OREGON STATE GAME COMMISSION

PORTLAND, OREGON

A B =T
IE.EPLA:_D o uAJsEeV:sEA aLs

SECTION E-F

426" SOUTH «f FIsH EXIT WALL
SCALE YLrw ltO

SECTION D

@o'ST SoUTH of FISH EXTT WALL
aLe Y&l

STEAMBOAT FALLS

~FISHWAY REPAIR ~
SECTIOND ¢ DETAILS

eaioHEn JULY Wb

APFROVED BY .
CHIEF ENGINEER DATE

REVIGion BY

D M JACOBSON

oRAwN e | ARpeyED ot
BVAW JuLviee DUIRECTOR

DMV

9
2
B
?

cHECHED ongar 3 oF DRAWING NG

SoALE A5 sHowa | | 4 susme h‘?@ﬁ A




. g £l czérz esmav: EXLISTING “BILAST ) -
EY gyzree ISE "VVELDCRETE | /\/ EwOMD STEEL (04 ke Frocew) . .

G _AG. ! .
2N EENL
: )\ L' woLs sox
¢ // &aTE LIFT

)
’ Q . .
g 3 9 S 9 ] 2 ) Q .
4 PR / 2 B3 :
3 szhuger / //// by : b b } 3 3 T !
H A 5 3 S N g o G- S
: : a &m
2 5 a ‘
‘)}’ b 7 * .
9
= ¥
5 A U L : .
3 \
2. -
5 2 ey S THPE | LFT
2 A i 11D FLOSR Fi ks ' . \
g = . T s
¥ 5 /%_] B 2_,,] H.l_m > )
3 L b
g rge s
2 : - e ren7 e 728
] . ELEV. 892
) HORIZ SECTIO AR5
~ @ e T =2
M o 5 ALE s /U ELEV8SS cLiv. aze . AUXILIARY,
N WATER WTAKE 17 ||
{.} ALz perart | - ...—_.,
3 SLEV. BSe SECOMDARY MAT < -‘r‘ge‘r'lur z.f;'r o
) DRALL 34 2Ra" % L y WL BAES JE"O.CEW on 7y
Py 5 N
F SZewBac ?‘ 2o% Y ot sk \ ) 3 . "
N SLOPE THIS SECTIGN SPECIAL GRTE
. 5 T g ' PARALLEL TG LIAE a HAVDLE
8 — OF WEEP HOLES EL8Y. 23 N
84 2t 50k
APPROXIMATE. SRR e
EXISTING . oz,
] - &N ~ M WES M
g@ 25E M P, L™ 27X98° T bAR + VEER MoLE
2URETRTE L ZEIMFOECIMG MAT TO
* puashpion uy s o Jeb it Bl e , L '
IF REGID £ " ) 3
BY posITION OF = BOLTZD combéCTERS, MR YT e 7 -+ A
EXIBTIG PIPE o] 1 | I . PEGVIDE Jz- NEW CONCRETE 18204 1oNG o
) 2Low 2rov Zipw LY . - z l
VERT. SECTION e PIPE T P, r smecer. ¥ oreox. cxreris
Yarrm 2¥ 2 x4 s A GEADE :/\
LGRILL PLAN BEMOVE ExrsTiNG Caae tsn cmn
SCALE Jetmito” . BROVIDE 18 ° NEW CONCEETE LD LA
GRILL TO BE ALL WELDED CoMSTRUCTION 4

'WATEEMAN® C20 36"
CANAL GATE //o'fum’
T A SPECAL

oRtLL 3av

DETAILDS AUXILIARY WATER INTAKE

2 xeTxyEnL

15" CORR. METAL PIPE ]
{ARUXILIAE Y WATER )
I COMDITION LIMEMOWN. ‘

£ ELEV, 76, %7
BEPLACE IF DAMAGED

33
¥ 3
8 3

n Rave et o /er space - TYPICAL o i
g ;?| Q o DETAIL A BEALE ya'—\-o“ .
A ! N 3 3 5 [ 9 ] g 4 I
Ly -
° 9 8 § 3 H H 3 i : H & ~DETAIL-
W GATE AREA
3 sedas yz"“'/’—d'
’ : T 1922 mAx. ceesT SLEV (”"‘5"%{2715
¥ i - =
FIs, £ —‘
T V‘dALLx’T \.1 l 1 %
AUXILIABY WATEE . - e e
[ INTAKE &GRILL. .
: . o |
) ' l
o
~DETAIL ~
. o
e i fien oge : CONCEETE STOPLOGS
G T 5 - L0
SECONDARY MAT N
lo” LAVYEE GIJA)/TE BEINFORCED < Lo o5 BATS I CC.EW,
WITH 2 LAVERS GG/l WIRE MESH : e gl
[ l BEMIFOBCED _! BEMFORCED
l ] ‘GLAMTE COACEETE
I . PRIMARY STEEL MAT
¥4 DOWEL 8io” -
| | | S ~ T i S e
GROU T, YWITH MEAT Fon DIAGe.
| CEMENT
S C TION B-B ‘ ’ OREGON STATE GAME COMMISSION
— PORTLAND, OREGON
540 WEST of MAIN WALL
. SCALE M4 /t0

| STLAMBOAT FALLS

WOTE " ~FISHWAY REPAIR ~
PRIMAEY STEEL MAT_ oF 74 BAZS TiLS BOWELS, SECTIONS ¢ DETALILS

GETHER , SLE SWELET | FOR BIAGEAM
I BEOGHED )L\ 'lolo | ARPROVED BY

oare | nevision oy
SELOMDA?. STEEL MAT OF #J BARS /270C. LW, CHIEF ENQINEER
\:f/s THE cawrmueanau OF THE COMCEBETE b M JACOBRSON
su_entcs oF BELOW SUEFACE. -
@rouT'  DOWLLS wir MEAT czmEnT Epaw JULY bl |AprROVED 8Y
omd
GHECKED ZHEET 2 OF" | DNAWINO NO.

ST AT SHOWN | £ onzem a;/”/?ﬁ@!/A




APPENDIX D

1985 As-Built Drawings for Steamboat Falls
Fishway Modifications

Steamboat Falls Fish Passage Evaluation and Alternatives Analysis
Michael Love & Associates Winzler & Kelly
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APPENDIX E
Geologic and Geotechnical Project Report
By

The Galli Group

Steamboat Falls Fish Passage Evaluation and Alternatives Analysis
Michael Love & Associates Winzler & Kelly



APPENDIX F

Steamboat Creek Hydrology

Steamboat Falls Fish Passage Evaluation and Alternatives Analysis
Michael Love & Associates Winzler & Kelly
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APPENDIX G

Calculations of Existing Fishway Hydraulics

Steamboat Falls Fish Passage Evaluation and Alternatives Analysis
Michael Love & Associates Winzler & Kelly



|Existing Fishway (Assumes no Sediment in Fishway)

Date: 12/1/2009
Project: STEAMBOAT FALLS FISHWAY FEASIBILITY STUDY
Summary of Fishway Type and Dimensions

EXISTING FISHWAY

Spillway: Crest at Elev 89.8'

Weir 1: Slotted weir with orifice, 1 ft drop, uniform flow
Weir 2: Vertical Slot 1.5' wide

Weir 3: Vertical Slot 1.5' wide

Exit Port: 2 - 2'x2' orifices set 2' above fishway floor.

[DESIGN INPUTS

Coefficients

Horiz. Weir Coeficient Cs = 0.602+0.075(ho/P)
V-Notch Weir coeficient Cv =0.607165-0.0008744669*@+6.103933x10" * '@
Broad Crested Weir Coeficient Cb 0.64
Orrfice Coeficient  Corifice 0.62
Slot Coeficient Cslot 0.60  from Rajaratnam 1986
Gravity g 32.2 ft/s2
Fishway Flows of Intrest
Lowest Operating Flow Qlp 25.0  cfs (Min Depth = 2.5 ft)
Stage H_Ip 3.0 ft
Optimal Operating Flow  Q_opt 32.2 cfs (Min EDF)
Stage  H_opt 4.0 ft
Highest Operating Flow  Q_hp 33.6  cfs (overtopping of fishway roof)
Stage H_hp 4.1 ft
Bypass Spillway (broad crested weir)
Crestl Width ~ Widthl 9.6 ft
Crestl Elev El 1 89.8  ft
Crest2 Width ~ Width2 24.0 ft
Crest2 Elev El_2 91.1 ft
Crest3 Width ~ Width3 10.0 ft
Crest3 Elev El 3 914  ft
WEIR 1 (Assume Uniform Flow at this Weir)
Floor Elevation Elevl 84.00 ft
Total Weir Width w 8.00 ft
Drop height between weirs dH 1.0 ft
Residual Pool Depth P 0 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width Wslot 1.50 ft
Slot Height above Floor Hslot 400 ft
Sill Height above Floor Hsill 0.00 ft

Orifice Dimensions

Orifice Width  W1lorifice 1.00 ft
Sill Height above Floor H1lorifice 0.67 ft

Horiz Weir Dimensions

Width  Lengthl 6.50 ft
Height above Floor  Heightl 400 ft




WEIR 2 (upstream of weir 1)

Floor Elevation Elev2 85.00 ft
Total Weir Width w 8.00 ft
Residual Pool Depth P 0 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width ~ Wslot2 1.50 ft
Slot Height above Floor  Hslot2 400 ft
Sill Height above Floor  Hsill2 0.00 ft
Orifice Dimensions
Orifice Width  W2orifice 1.00 ft
Sill Height above Floor H2orifice 0.67 ft
Triangular Weir Dimensions
Side Slope SS2 0.00  ft/ft
Height of crest above Floor Hvee 400 ft
Coefficient of Discharge Cd_vee2 0.62
Horiz Weir Dimensions
Width  Length2 6.50 ft
Height above Floor  Height2 400 ft
WEIR 3 (upstream of weir 2)
Floor Elevation Elev3 85.00 ft
Total Weir Width w 10.00 ft
Residual Pool Depth P 0 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width ~ Wslot3 150 ft
Slot Height above Floor  Hslot3 9.00 ft
Sill Height above Floor  Hsill3 0.00 ft
Triangular Weir Dimensions
Side Slope SS3 0.00  ft/ft
Height of crest above Floor ~ Hvee3 400 ft
Coefficient of Discharge Cd_vee3 0.61
Horiz Weir Dimensions
Width  Length3 0.00 ft
Height above Floor Height3 400 ft
WEIR 4 (upstream of weir 3)
Floor Elevation Elev4 85.00 ft
Total Weir Width w 10.00 ft
Residual Pool Depth P 0 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width ~ Wslot4 150 ft
Slot Height above Floor  Hslot4 9.00 ft
Sill Height above Floor  Hsill4 0.00 ft
Triangular Weir Dimensions
Side Slope SS4 0.00  ftft
Height of crest above Floor  Hvee4 9.00 ft
Coefficient of Discharge Cd_vee4 0.61
Horiz Weir Dimensions
Width  Length4 0.00 ft
Height above Floor  Height4 9.00 ft
Exit Port
Headgate Orifice Elev Elev_Exit 87.0 ft
Orifice Width ~ Worifice 4.0 ft
Orifice Height  Horifice 2.0 ft




Directions in Comments

Initial Guess of Ho| OK OK OK OK OK OK
Total Residual (solve =0)] 0.00 0.00 0.00 0.00 0.00 0.00
|Summary of Hydraulic Results
Flow Designation
Bypass Streamflow over Spillway? No Bypass | Bypass | Bypass | Bypass | Bypass
WSE_Forebay WSE in Forebay| 89.17 89.82 90.49 91.16 91.36 92.00
Qstream Streamflow in Headwater Pool 21.4 25.1 47.2 85.4 109.0 231.9
QLadder Total Flow in Fish Ladder] 21.4 25.0 28.6 32.2 33.6 38.3
dH1 Drop over weir 17]  1.00 1.00 1.00 1.00 1.00 1.00
dH2 Drop over weir 18|  1.00 1.00 1.00 1.00 1.00 1.00
dH3 Drop across slot 19  0.80 0.82 0.83 0.85 0.87 1.00
dH4 Drop across slot 20  0.58 0.61 0.63 0.66 0.68 0.76
dH exit Drop across Exit Port|]  0.29 0.39 0.52 0.65 0.71 0.93
YAttraction Attraction Flow| 100% 100% 61% 38% 31% 17%
Bypass Spillway
Q_spillway Bypass Flow over Spillway| 0.00 0.12 18.65 53.15 75.43 193.57
Crest 1 (broad)
H_crestl Upstream Head above Spillway| 0.00 0.02 0.69 1.36 1.56 2.20
Q_crestl Total Flow in Slot|  0.00 0.12 18.65 52.01 64.29 107.33
Crest 2 (broad)
H_crest2 Upstream Head above Spillway| 0.00 0.00 0.00 0.06 0.26 0.90
Q_crest2 Total Flow in Slot|  0.00 0.00 0.00 114 11.14 70.28
Crest 3 (broad)
H_crest3 Upstream Head above Spillway| 0.00 0.00 0.00 0.00 0.00 0.60
Q_crest3 Total Flow in Slot|  0.00 0.00 0.00 0.00 0.00 15.95
WEIR 17 (assume Uniform Flow)
WSE at Weir 86.50 87.00 87.50 88.00 88.10 88.32
Ho(floor) Upstream Head above FLOOR| 2.50 3.00 3.50 4.00 4.10 4.32
Uslot Velocity in Slot 4.8 4.8 4.8 4.8 4.8 4.8
Dpool Min Pool Depth 15 2.0 2.5 3.0 3.1 3.3
EDF TOTAL Energy Disipation Factor| 6.95 6.50 6.20 5.98 6.07 6.52
EDFweir EDF of plunging flow| 0.00 0.00 0.00 0.00 0.15 0.79
Vertical Slot
Qls Total Flow in Slot| 18.06 21.67 25.28 28.89 29.61 31.19
Orifice
Qls Total Flow in Orifice]  3.32 3.32 3.32 3.32 3.32 3.32
Horizontal Weir Section
Q1 nonsubmerged Flow:|  0.00 0.00 0.00 0.00 0.66 3.79
Q1sub Flow w/Submergance| 0.00 0.00 0.00 0.00 0.66 3.79
WEIR 18
WSE at Weir 87.50 88.00 88.50 89.00 89.10 89.32
Ho(floor) Upstream Head above FLOOR| 2.50 3.00 3.50 4.00 4.10 4.32
Q2solve Qweir2 - Qladder (solve =0)| 0.00 0.00 0.00 0.00 0.00 0.00
Uslot Velocity in Slot 4.8 4.8 4.8 4.8 4.8 4.8
Dpool Min Pool Depth 15 2.0 2.5 3.0 3.1 3.3
EDF TOTAL Energy Disipation Factor| 4.69 4.69 4.69 4.69 4.80 5.27
EDFweir EDF of plunging flow| 0.00 0.00 0.00 0.00 0.11 0.57




Vertical Slot

Q2slot Total Flow in Slot| 18.06 21.67 25.28 28.89 29.61 31.19
Orifice
Q2s Total Flow in Orifice| 3.32 3.32 3.32 3.32 3.32 3.32
Triangular Weir Section
Qvee2 nonsubmerged flow:|  0.00 0.00 0.00 0.00 0.00 0.00
Qvee2sub submerged flow:|  0.00 0.00 0.00 0.00 0.00 0.00
Qveetrunc?2 truncated nonsubmerged flow|  0.00 0.00 0.00 0.00 0.00 0.00
Qveetrunc2sub submerged truncated flow:|  0.00 0.00 0.00 0.00 0.00 0.00
Qvee2sub Flow w/Submergance| 0.00 0.00 0.00 0.00 0.00 0.00
Horizontal Weir Section
Qhorz2 nonsubmerged Flow:|  0.00 0.00 0.00 0.00 0.66 3.79
Qhorz2sub Flow w/Submergance|  0.00 0.00 0.00 0.00 0.66 3.79
WEIR 19
WSE at Weir 88.30 88.82 89.33 89.85 89.97 90.31
Ho(floor) Upstream Head above FLOOR| 3.30 3.82 4.33 4.85 4.97 5.3l
Q3solve Qweir3 - Qladder (solve =0)| 0.00 0.00 0.00 0.00 0.00 0.00
Uslot Velocity in Slotf 4.3 44 44 44 4.5 4.8
Dpool Min Pool Depth 2.5 3.0 3.5 4.0 4.1 4.3
EDF TOTAL Energy Disipation Factor| 4.46 4.44 4.43 4.43 4.66 5.74
EDFweir EDF of plunging flow| 0.00 0.00 0.00 0.00 0.00 0.00
Vertical Slot
Q3slot Total Flow in Slot| 21.37 24.98 28.60 32.21 33.59 38.30
Triangular Weir Section
Q3 nonsubmerged flow:|  0.00 0.00 0.00 0.00 0.00 0.00
Q32sub submerged flow:|  0.00 0.00 0.00 0.00 0.00 0.00
Qt3 truncated nonsubmerged flow|  0.00 0.00 0.00 0.00 0.00 0.00
Qt3sub submerged truncated flow:|  0.00 0.00 0.00 0.00 0.00 0.00
Q3sub Flow w/Submergance| 0.00 0.00 0.00 0.00 0.00 0.00
Horizontal Weir Section
Q3 nonsubmerged Flow:|  0.00 0.00 0.00 0.00 0.00 0.00
Q3sub Flow w/Submergance|  0.00 0.00 0.00 0.00 0.00 0.00
WEIR 20
WSE at Weir 88.88 89.43 89.97 90.50 90.65 91.08
Ho(floor) Upstream Head above FLOOR| 3.88 4.43 4.97 5.50 5.65 6.08
Q3solve Qweir3 - Qladder (solve =0)| 0.00 0.00 0.00 0.00 0.00 0.00
Uslot Velocity in Slotf 3.7 3.8 3.8 3.9 4.0 4.2
Dpool Min Pool Depth 3.3 3.8 4.3 4.8 5.0 5.3
EDF TOTAL Energy Disipation Factor| 2.44 2.59 2.72 2.84 297 3.57
EDFweir EDF of plunging flow| 0.00 0.00 0.00 0.00 0.00 0.00
Vertical Slot
Q4slot Total Flow in Slot| 21.37 24.98 28.60 32.21 33.59 38.30
Triangular Weir Section
Q4 nonsubmerged flow:|  0.00 0.00 0.00 0.00 0.00 0.00
Q42sub submerged flow:|  0.00 0.00 0.00 0.00 0.00 0.00
Qt4 truncated nonsubmerged flow|  0.00 0.00 0.00 0.00 0.00 0.00
Qt4sub submerged truncated flow:|  0.00 0.00 0.00 0.00 0.00 0.00
Q4sub Flow w/Submergance| 0.00 0.00 0.00 0.00 0.00 0.00
Horizontal Weir Section
Q4 nonsubmerged Flow:|  0.00 0.00 0.00 0.00 0.00 0.00
Q4sub Flow w/Submergance| 0.00 0.00 0.00 0.00 0.00 0.00
Exit Port
Forebay WSE 89.17 89.82 90.49 91.16 91.36 92.00
Ho(floor) Upstream Head above FLOOR| 4.17 4.82 5.49 6.16 6.36 7.00
Qexit_solve Qexit port - Qladder (solve =0)| 0.00 0.00 0.00 0.00 0.00 0.00
Uslot Velocity in Orifice 2.7 3.1 3.6 4.0 4.2 4.8
Dpool Min Pool Depth 3.9 4.4 5.0 5.5 5.7 6.1
EDF TOTAL Energy Disipation Factor| 0.83 1.16 1.54 1.99 2.20 3.03
Vertical Slot
Qslot Total Flow in Slot| 21.37 24.98 28.60 32.21 33.59 38.29
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Alternative A - Level 1 Modifications (Alternative A-1)

|Alternative A - Level 1 Modifications (Alternative A-1)

Project: STEAMBOAT FALLS FISHWAY FEASIBILITY STUDY
Date: 12/1/2009

Summary of Fishway Type and Dimensions

Spillway Crest: Existing (Crest Elev. = 89.8 ft)

Exit Port: Double 2'Wx2'H Exit Ports,

Weir 20: Floor raised 1', Centered 1.5' wide Vertical Slot, 4.5' Tall w/1' Tall Sill
Horizontal Weir with 6.5 ' Crest Length

Weir 19: Floor raised 1', Centered 1.5' wide Vertical Slot, 4.0' Tall w/No Sill
Horizontal Weir with 8.5 ' Crest Length

Weir 18: Right side 1.5' wide Vertical Slot, 4.0' Tall w/0.5' Tall Sill

Horizontal weir above slot, 6.5' wide

Weir 17 (unifrom flow): Right side 1.5' wide Vertical Slot, 4.0' Tall w/1' Tall Sill
Drop between Weirs = 1.0 ft.

[DESIGN INPUTS

Coefficients
Horiz. Weir Coeficient Cs =0.602+0.075(h/P)
V-Notch Weir coeficient Cv =0.607165-0.0008744669*@+6.103933x10" *' @
Broad Crested Weir Coeficient Ch 0.64
Orrfice Coeficient Corifice 0.62
Vertical Slot Coeficient Cslot 0.60 from Rajaratnam 1986
Gravity g 32.2 ft/s2
Design Flows
Lowest Operating Flow Q_lp 18.0 cfs (Min Depth = 2.5 ft)
Stage H_Ip 35 ft
Optimal Operating Flow _opt 21.7 cfs (Depth=3ft, EDF=4 ft-1b/s/ft3)
Stage H_opt 4.0 ft
Highest Operating Flow Q_hp 35.9 cfs (Weir_17 EDF=5 ft-lb-s-ft3)
Stage H_hp 4.6 ft
Bypass Spillway (broad crested weir)
Crestl Width Widthl 9.6 ft
Crestl Elev El 1 89.8 ft
Crest2 Width Width2 24.0 ft
Crest2 Elev El_2 91.1 ft
Crest3 Width Width3 10.0 ft
Crest3 Elev El 3 92.1 ft
Weir 17 (Assume Uniform Flow at this Weir)
Floor Elevation Elevl 84.00 ft
Total Weir Width w 8.00 ft
Drop height between weirs dH 1.0 ft
Residual Pool Depth P 1 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width Wslot 1.50 ft
Slot Height above Floor Hslot 4.00 ft
Sill Height above Floor Hsill 1.00 ft
Orifice Dimensions
Orifice Width ~ W1orifice 0.00 ft
Sill Height above Floor  Hlorifice 0.00 ft
Horiz Weir Dimensions
Width Lengthl 6.50 ft
Height above Floor Heightl 4.00 ft
Weir 18 (upstream of Weir _17)
Floor Elevation Elev2 85.00 ft
Total Weir Width w 8.00 ft
Residual Pool Depth P 0 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft




Slot Dimensions

Alternative A - Level 1 Modifications (Alternative A-1)

Slot Width Wslot2 1.50 ft
Slot Height above Floor Hslot2 4.00 ft
Sill Height above Floor Hsill2 0.50 ft
Triangular Weir Dimensions
Side Slope SS2 0.00 ft/ft
Height of crest above Floor Hvee 4.00 ft
Coefficient of Discharge ~ Cd_vee2 0.62
Horiz Weir Dimensions
Width Length2 6.50 ft
Height above Floor Height2 4.00 ft
Weir 19 (upstream of Weir 18)
Floor Elevation Elev3 86.00 ft
Total Weir Width w 10.00 ft
Residual Pool Depth P 1 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width Wslot3 1.50 ft
Slot Height above Floor Hslot3 4.00 ft
Sill Height above Floor Hsill3 0.00 ft
Triangular Weir Dimensions
Side Slope SS3 0.00 ft/ft
Height of crest above Floor Hvee3 4.00 ft
Coefficient of Discharge ~ Cd_vee3 0.62
Horiz Weir Dimensions
Width Length3 8.50 ft
Height above Floor Height3 4.00 ft
Weir 20 (upstream of Weir 19)
Floor Elevation Elev4 86.00 ft
Total Weir Width w 10.00 ft
Residual Pool Depth P 1 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width Wslot4 1.50 ft
Slot Height above Floor Hslot4 4.50 ft
Sill Height above Floor Hsill4 1.00 ft
Triangular Weir Dimensions
Side Slope SS4 0.00 f/ft
Height of crest above Floor Hveed 4.50 ft
Coefficient of Discharge ~ Cd_vee4 0.62
Horiz Weir Dimensions
Width Length4 6.50 ft
Height above Floor Height4 4.50 ft
Exit Port
Headgate Orifice Elev  Elev_Exit 88.0 ft
Orifice Width Worifice 4.0 ft
Orifice Height Horifice 2.0 ft




Alternative A - Level 1 Modifications (Alternative A-1)

Directions in Comments

Initial Guess of Ho OK OK OK OK OK
Total Residual (solve = 0) 0.00 0.01 0.00 0.00 0.00
[Summary of Hydraulic Results
Flow Designation Q_lp Q_opt Q_hp
Bypass Streamflow over Spillway?| Bypass Bypass Bypass Bypass Bypass
WSE_Forebay WSE in Forebay| 90.00 90.64 91.06 91.55 92.00
Qstream Total Streamflow 20.9 46.9 71.7 131.1 213.1
QLadder Total Flow in Fish Ladder 18.0 21.7 25.0 30.0 35.9
dH (Weir 18) Drop over Weir_18 0.80 0.82 0.89 0.91 0.92
dH (Weir 19) Drop over Weir_19 0.70 0.72 0.79 0.86 0.86
dH (Weir 20) Drop over Weir_20 0.80 0.81 0.79 0.81 0.80
dH (Exit Port) Drop across Exit Port 0.21 0.30 0.39 0.57 0.81
YAttraction Attraction Flow 86% 46% 35% 23% 17%
Bypass Spillway
Q_spillway Bypass Flow over Spillway 2.84 25.25 46.75 101.10 177.22
Crest 1 (broad)
H_crestl Upstream Head above Spillway 0.20 0.84 1.26 1.75 2.20
Q_crestl Total Flow in Slot 2.84 25.25 46.75 76.18 107.18
Crest 2 (broad)
H_crest2 Upstream Head above Spillway 0.00 0.00 0.00 0.45 0.90
Q_crest2 Total Flow in Slot 0.00 0.00 0.00 24.91 70.04
Crest 3 (broad)
H_crest3 Upstream Head above Spillway 0.00 0.00 0.00 0.00 0.00
Q_crest3 Total Flow in Slot 0.00 0.00 0.00 0.00 0.00
Weir_17 (assume Uniform Flow)
WSE at Weir 87.50 88.00 88.20 88.40 88.60
Ho(floor) Upstream Head above FLOOR 3.50 4.00 4.20 4.40 4.60
Uslot Velocity in Slot 4.8 4.8 4.8 4.8 4.8
Dpool Min Pool Depth 25 3.0 3.2 34 3.6
EDF TOTAL Energy Disipation Factor 3.91 4.02 4.39 5.00 5.69
EDFweir EDF of plunging flow| 0.00 0.00 0.32 0.89 955
Vertical Slot
Qls Total Flow in Slot| ~ 18.02 21.67 23.11 24.59 26.00
Orifice
Q1lorifice Total Flow in Slot 0.00 0.00 0.00 0.00 0.00
Horizontal Weir Section
Q1 nonsubmerged Flow: 0.00 0.00 1.88 5.44 9.91
Q1lsub Flow w/Submergance 0.00 0.00 1.88 5.44 9.91
Weir_18
WSE at Weir 88.29 88.82 89.09 89.31 89.52
Ho(floor) Upstream Head above FLOOR 3.29 3.82 4.09 431 4.52
Q2solve Qweir2 - Qladder (solve = 0) 0.00 0.00 0.00 0.00 0.00
Uslot Velocity in Slot 43 4.4 45 4.6 4.6
Dpool Min Pool Depth 25 3.0 3.2 34 3.6
EDF TOTAL Energy Disipation Factor 2.67 2.88 3.44 4.04 4.68
Vertical Slot
Q2slot Total Flow in Slot| ~ 18.02 21.66 24.44 26.29 27.89
Triangular Weir Section
Qvee2 nonsubmerged flow: 0.00 0.00 0.00 0.00 0.00
Qvee2sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qveetrunc2 truncated nonsubmerged flo 0.00 0.00 0.00 0.00 0.00
Qveetrunc2sub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00
Qvee2sub Flow w/Submergance 0.00 0.00 0.00 0.00 0.00
Horizontal Weir Section
Qhorz2 nonsubmerged Flow: 0.00 0.00 0.56 3.73 8.02
Qhorz2sub Flow w/Submergance 0.00 0.00 0.56 3.73 8.02




Alternative A - Level 1 Modifications (Alternative A-1)

EDFweir EDF of plunging flow 0.00 0.00 0.00 0.26 0.81

Q3

nonsubmerged flow:

Q32sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qt3 truncated nonsubmerged flow| 0.00 0.00 0.00 0.00 0.00
Qt3sub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00

Flow w/Submergance

nonsubmerged Flow;|
Q3sub Flow w/Submergance 0.00 0.00 0.00 2.04 6.55

EDFweir EDF of plunging flow| 0.00 0.00 0.16 0.42 0.84
Q4slot Total Flow in Slot| ~ 18.02 21.67 23.52 25.82 27.08
Q4 nonsubmerged flow: 0.00 0.00 0.00 0.00 0.00
Q42sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qt4 truncated nonsubmerged flow| 0.00 0.00 0.00 0.00 0.00
Qtdsub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00
Q4sub Flow w/Submergance
Q4 nonsubmerged Flow: 0.00 0.00 1.48 7.10 12.09
Q4sub Flow w/Submergance 0.00 0.00 1.48 421 8.84

Qport Total Flow through Exit Ports|




Alternative A - Level 1 Modifications (Alternative A-1) with Sediment in Slot of Weir 20

|Alternative A - Level 1 Modifications (Alternative A-1) with Sediment at Weir 20

Project: STEAMBOAT FALLS FISHWAY FEASIBILITY STUDY
Date: 12/1/2009
Summary of Fishway Type and Dimensions

Spillway Crest: Existing (Crest Elev. = 89.8 ft)

Exit Port: Double 2'Wx3'H Exit Ports,
Seasonal Stoplog settings: WINTER Exit Port Invert Elev. = 88.0 ft

Weir 4: Floor raised 1', Centered 1.5' wide Vertical Slot, 4.5' Tall w/1' Tall Sill
Horizontal Weir with 6.5 ' Crest Length

Weir 3: Floor raised 1', Centered 1.5' wide Vertical Slot, 4.0' Tall w/No Sill
Horizontal Weir with 8.5 ' Crest Length

Weir 2: Right side 1.5' wide Vertical Slot, 4.0' Tall w/0.5' Tall Sill

Horizontal weir above slot, 6.5' wide

Weir 1 (unifrom flow): Right side 1.5' wide Vertical Slot, 4.0' Tall w/1' Tall Sill
Drop between Weirs = 1.0 ft.

[DESIGN INPUTS

Coefficients
Horiz. Weir Coeficient Cs =0.602+0.075(h/P)
V-Notch Weir coeficient Cv =0.607165-0.0008744669*@+6.103933x 10" *"@n?
Broad Crested Weir Coeficient Cb 0.64
Orrfice Coeficient  Corifice 0.62
Vertical Slot Coeficient Cslot 0.60 from Rajaratnam 1986
Gravity g 32.2 ft/s2
Design Flows
Lowest Operating Flow Q_lp 18.06  cfs (Min Depth = 2.5 ft)
Stage H_Ip 35 ft
Optimal Operating Flow ~ Q_opt 21.67  cfs (Depth=3ft, EDF=4 ft-1b/s/ft3)
Stage  H_opt 4.0 ft
Highest Operating Flow Q_hp 29.92  cfs (Weir_17 EDF=5 ft-lb-s-ft3)
Stage H_hp 44 ft
Scouring Tubulence (EDFweir>4)  Q_scour 52.03  cfs (EDF over weir = 4 ft-lb/s/ft3)
H_scour 5.0 ft

Bypass Spillway (broad crested weir)

Crestl Width ~ Widthl 9.6 ft
Crestl Elev El 1 89.8 ft
Crest2 Width ~ Width2 24.0 ft
Crest2 Elev El_2 91.1 ft
Crest3 Width ~ Width3 10.0 ft
Crest3 Elev El 3 92.1 ft

Weir 17 (Assume Uniform Flow at this Weir)
Floor Elevation Elevl 84.00 ft
Total Weir Width w 8.00 ft
Drop height between weirs dH 1.0 ft
Residual Pool Depth P 1 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft

Slot Dimensions

Slot Width Wslot 1.50 ft
Slot Height above Floor Hslot 4.00 ft
Sill Height above Floor Hsill 1.00 ft

Orifice Dimensions

Orifice Width ~ Wlorifice 0.00 ft
Sill Height above Floor  Hlorifice 0.00 ft

Horiz Weir Dimensions

Width Lengthl 6.50 ft
Height above Floor  Heightl 4.00 ft
Weir 18 (upstream of Weir_17)
Floor Elevation Elev2 85.00 ft
Total Weir Width w 8.00 ft
Residual Pool Depth P 0 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft




Alternative A - Level 1 Modifications (Alternative A-1) with Sediment in Slot of Weir 20
Slot Dimensions

Slot Width ~ Wslot2 1.50 ft
Slot Height above Floor ~ Hslot2 4.00 ft
Sill Height above Floor Hsill2 0.50 ft
Triangular Weir Dimensions
Side Slope SS2 0.00 f/ft
Height of crest above Floor Hvee 4.00 ft
Coefficient of Discharge  Cd_vee2 0.62
Horiz Weir Dimensions
Width  Length2 6.50 ft
Height above Floor  Height2 4.00 ft
Weir 19 (upstream of Weir 18)
Floor Elevation Elev3 86.00 ft
Total Weir Width w 10.00 ft
Residual Pool Depth P 0 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width ~ Wslot3 1.50 ft
Slot Height above Floor ~ Hslot3 4.00 ft
Sill Height above Floor Hsill3 0.00 ft
Triangular Weir Dimensions
Side Slope SS3 0.00 ft/ft
Height of crest above Floor ~ Hvee3 4.00 ft
Coefficient of Discharge  Cd_vee3 0.62
Horiz Weir Dimensions
Width  Length3 8.50 ft
Height above Floor  Height3 4.00 ft
Weir 20 (upstream of Weir 19)
Floor Elevation Elev4 86.00 ft
Total Weir Width w 10.00 ft
Residual Pool Depth P 1 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width ~ Wslot4 1.50 ft
Slot Height above Floor ~ Hslot4 4.50 ft
Sill Height above Floor Hsill4 4.50 ft
Triangular Weir Dimensions
Side Slope SS4 0.00 ft/ft
Height of crest above Floor ~ Hvee4 4.50 ft
Coefficient of Discharge  Cd_vee4 0.62
Horiz Weir Dimensions
Width  Length4 6.50 ft
Height above Floor  Height4 4.50 ft
Exit Port
Headgate Orifice Elev  Elev_Exit 88.0 ft
Orifice Width ~ Worifice 4.0 ft
Orifice Height  Horifice 2.0 ft




Alternative A - Level 1 Modifications (Alternative A-1) with Sediment in Slot of Weir 20

Directions in Comments

Initial Guess of Ho OK OK OK OK OK

Total Residual (solve = 0) 0.00 0.00 0.00 0.00 0.00

[Summary of Hydraulic Results

Flow Designation

Bypass Streamflow over Spillway?| Bypass Bypass Bypass Bypass Bypass
WSE_Forebay WSE in Forebay| 91.36 91.56 91.16 91.76 92.75
Qstream Total Streamflow 925 124.6 68.2 159.7 N/A
QLadder Total Flow in Fish Ladder 18.1 21.7 14.4 25.0 35.9
dH (Weir 18) Drop over Weir_18 0.80 0.82 0.77 0.89 0.92
dH (Weir 19) Drop over Weir_19 0.70 0.72 0.67 0.79 0.86
dH (Weir 20) Drop over Weir_20 2.15 1.73 2.59 1.49 1.55
dH (Exit Port) Drop across Exit Port 0.21 0.30 0.13 0.39 0.81
YoAttraction Attraction Flow 20% 17% 21% 16% N/A

Bypass Spillway

Q_spillway Bypass Flow over Spillway 74.40 102.96 53.72 134.74 358.66
Crest 1 (broad)
H_crestl Upstream Head above Spillway 1.56 1.76 1.36 1.96 2.95
Q_crestl Total Flow in Slot|  63.78 77.00 52.38 90.39 166.55
Crest 2 (broad)
H_crest2 Upstream Head above Spillway 0.26 0.46 0.06 0.66 1.65
Q_crest2 Total Flow in Slot| ~ 10.62 25.96 1.34 44.35 174.17
Crest 3 (broad)
H_crest3 Upstream Head above Spillway 0.00 0.00 0.00 0.00 0.65
Q_crest3 Total Flow in Slot 0.00 0.00 0.00 0.00 17.94

Weir_17 (assume Uniform Flow)

WSE at Weir 87.50 88.00 87.00 88.20 88.60
Ho(floor) Upstream Head above FLOOR 3.50 4.00 3.00 4.20 4.60
Uslot Velocity in Slot 4.8 4.8 4.8 4.8 4.8
Dpool Min Pool Depth 25 3.0 2.0 3.2 3.6
EDF TOTAL Energy Disipation Factor 3.91 4.02 3.76 4.39 5.69
EDFweir EDF of plunging flow| 0.00 0.00 0.00 0.32 955
Vertical Slot
Qls Total Flow in Slot| ~ 18.06 21.67 14.44 23.11 26.00
Orifice
Q1lorifice Total Flow in Slot 0.00 0.00 0.00 0.00 0.00
Horizontal Weir Section
Q1 nonsubmerged Flow: 0.00 0.00 0.00 1.88 9.91
Q1lsub Flow w/Submergance 0.00 0.00 0.00 1.88 9.91
Weir_18
WSE at Weir 88.30 88.82 87.77 89.09 89.52
Ho(floor) Upstream Head above FLOOR 3.30 3.82 2.77 4.09 4.52
Q2solve Qweir2 - Qladder (solve = 0) 0.00 0.00 0.00 0.00 0.00
Uslot Velocity in Slot 4.3 4.4 4.2 4.5 4.6
Dpool Min Pool Depth 25 3.0 2.0 3.2 3.6
EDF TOTAL Energy Disipation Factor 2.68 2.88 2.42 3.44 4.68
Vertical Slot
Q2slot Total Flow in Slot| ~ 18.06 21.67 14.45 24.44 27.89
Triangular Weir Section
Qvee2 nonsubmerged flow: 0.00 0.00 0.00 0.00 0.00
Qvee2sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qveetrunc2 truncated nonsubmerged flo 0.00 0.00 0.00 0.00 0.00
Qveetrunc2sub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00
Qvee2sub Flow w/Submergance 0.00 0.00 0.00 0.00 0.00
Horizontal Weir Section
Qhorz2 nonsubmerged Flow: 0.00 0.00 0.00 0.56 8.02

Qhorz2sub Flow w/Submergance 0.00 0.00 0.00 0.56 8.02




Alternative A - Level 1 Modifications (Alternative A-1) with Sediment in Slot of Weir 20

EDFweir EDF of plunging flow| 0.00 0.00 0.00 0.00 0.81

Q3 nonsubmerged flow:
Q32sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qt3 truncated nonsubmerged flow| 0.00 0.00 0.00 0.00 0.00
Qt3sub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00
Q3sub Flow w/Submergance 0.00 0.00 0.00 0.00 0.00
Q3 nonsubmerged Flow: 0.00 0.00 0.00 0.00 6.55
Q3sub Flow w/Submergance 0.00 0.00 0.00 0.00 6.55

EDFweir EDF of plunging flow| 3.66 3.45
Qéslot Total Flow in Slot 12.93
Q4 nonsubmerged flow: 0.00 0.00 0.00 0.00 0.00
Q42sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qt4 truncated nonsubmerged flow| 0.00 0.00 0.00 0.00 0.00
Qtdsub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00
Q4sub Flow w/Submergance 0.00 0.00 0.00 0.00 0.00
Q4 nonsubmerged Flow:{  11.17 14.38 8.26 17.35 37.46
Q4sub Flow w/Submergance 11.17 14.38 8.26 17.35 22.98

Qport Total Flow through Exit Ports|




Alternative A - Level 1 Modifications to Entrance Weir

|Alternative A - Level 1 Fishway Entrance Weir Modifications

Project: STEAMBOAT FALLS FISHWAY FEASIBILITY STUDY

Date: 12/1/2009

DESIGN INPUTS
Coefficients
Horiz. Weir Coefficient Cs = 0.602+0.075(h/P)
Vertical Slot Coefficient Cslot 0.60 from Rajaratnam 1986
Gravity g 32.2 ft/s2
Entrance Weir
Floor Elevation Elev 68.00  ft
Total Weir Width w 8.00 ft
Residual Pool Depth P 0 ft
Slot Dimensions
Slot Width Wslot 1.50 ft
Slot Height above Floor Hslot 5.00 ft
Sill Height above Floor Hsill 0.50 ft
Horiz Weir Dimensions
Weir Length Lweir 6.50 ft
Height above Floor Hweir 5.00 ft
[Summary of Hydraulic Results
Fishway Flow | Ho above Surface Drop Slot Flow
(cfs) Floor (ft) (ft) (cfs) Weir Flow (cfs)
Tailwater El. (ft) = 71.0 ft
15.3 3.5 0.5 15.3 0.0
25.3 4.0 1.0 25.3 0.0
46.0 5.0 2.0 46.0 0.0
56.0 5.3 2.3 52.6 3.5
Tailwater El. (ft) = 71.5 ft
17.9 4.0 0.5 17.9 0.0
28.9 4.5 1.0 28.9 0.0
39.8 5.0 1.5 39.8 0.0
54.1 5.4 1.9 48.8 5.3
Tailwater El. (ft) = 72.0 ft
17.8 4.4 0.4 17.8 0.0
27.8 4.8 0.8 27.8 0.0
32.5 5.0 1.0 32.5 0.0
56.5 5.6 1.6 46.6 9.9
Tailwater El. (ft) = 72.5 ft
17.0 4.8 0.3 17.0 0.0
23.0 5.0 0.5 23.0 0.0
34.5 53 0.8 31.0 3.5
58.9 5.8 1.3 43.6 15.3
Tailwater El. (ft) = 73.0 ft
17.1 5.2 0.2 15.2 1.9
33.0 5.5 0.5 25.5 7.5
38.4 5.6 0.6 28.5 9.9
55.3 5.9 0.9 37.0 18.3
Tailwater El. (ft) = 73.5 ft
17.3 5.6 0.1 11.6 5.7
32.7 5.8 0.3 21.0 11.8
46.2 6.0 0.5 28.1 18.1
59.6 6.2 0.7 34.4 25.1




Alternative A - Level 1 Modifications to Entrance Weir

Fishway Flow vs. Water Surface Drop Across Entrance Weir

2.5 1 —Tailwater El. (f)=71.0ft
— Tailwater EI. (ft) = 71.5 ft
— Tailwater EI. (ft) = 72.0 ft
2.0

—— Tailwater El. (ft) = 72.5 ft
— Tailwater El. (ft) = 73.0 ft
— Tailwater EI. (ft) = 73.5 ft

1.5

1.0 ~

Drop Across Entrance Weir (ft)
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Fishway Flow (cfs)




Alternative A - Level 2 Modifications (Alternative A-2) Summer Gate Settings

|Alternative A - Level 2 Modifications (Alternative A-2) Summer

Project: STEAMBOAT FALLS FISHWAY FEASIBILITY STUDY

Date: 12/1/2009
Summary of Fishway Type and Dimensions

Spillway Crest Elev. = 90.0 ft (Gate Raised)

Exit Port: Double 2'Wx3'H Exit Ports,
Seasonal Stoplog settings: SUMMER Exit Port Invert Elev. =88.0 ft

Weir 4: Floor raised 1', Centered 1.5' wide Vertical Slot, 4.5' Tall w/1' Tall Sill
Horizontal Weir with 6.5 ' Crest Length

Weir 3: Floor raised 1', Centered 1.5' wide Vertical Slot, 4.0' Tall w/No Sill
Horizontal Weir with 8.5 ' Crest Length

Weir 2: Right side 1.5' wide Vertical Slot, 4.0' Tall w/0.5' Tall Sill
Horizontal weir above slot, 6.5' wide

Weir 1 (unifrom flow): Right side 1.5' wide Vertical Slot, 4.0' Tall w/1' Tall Sill
Drop between Weirs = 1.0 ft.

[DESIGN INPUTS

Coefficients
Horiz. Weir Coeficient Cs =0.602+0.075(h/P)
V-Notch Weir coeficient Cv =0.607165-0.0008744669*@+6.103933x10" *"@n?
Broad Crested Weir Coeficient Cb 0.64
Orrfice Coeficient  Corifice 0.62
Vertical Slot Coeficient Cslot 0.60 from Rajaratnam 1986
Gravity g 32.2 ft/s2
Design Flows
Lowest Operating Flow Q_lp 18 cfs (Min Depth = 2.5 ft)
Stage H_Ip 35 ft
Optimal Operating Flow _opt 21.7 cfs (Depth=3ft, EDF=4 ft-Ib/s/ft3)
Stage  H_opt 4.0 ft
Highest Operating Flow Q_hp 36 cfs (HW at El 92")
Stage H_hp 4.6 ft
Scouring Tubulence (EDFweir>4)  Q_scour 52.0 cfs (EDF over weir = 4 ft-lb/s/ft3)
H_scour 5.0 ft

Bypass Spillway (broad crested weir)

Crestl Width ~ Widthl 10.0 ft
Crestl Elev El 1 90.0 ft
Crest2 Width ~ Width2 20.0 ft
Crest2 Elev El_2 91.0 ft
Crest3 Width ~ Width3 10.0 ft
Crest3 Elev El 3 92.0 ft

Weir 17 (Assume Uniform Flow at this Weir)
Floor Elevation Elevl 84.00 ft
Total Weir Width w 8.00 ft
Drop height between weirs dH 1.0 ft
Residual Pool Depth P 1 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft

Slot Dimensions

Slot Width Wslot 1.50 ft
Slot Height above Floor Hslot 4.00 ft
Sill Height above Floor Hsill 1.00 ft

Orifice Dimensions

Orifice Width  Wlorifice 0.00 ft
Sill Height above Floor Hlorifice 0.00 ft

Horiz Weir Dimensions

Width  Lengthl 6.50 ft
Height above Floor  Heightl 4.00 ft
Weir 18 (upstream of Weir_17)
Floor Elevation Elev2 85.00 ft
Total Weir Width w 8.00 ft
Residual Pool Depth P 0 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft




Alternative A - Level 2 Modifications (Alternative A-2) Summer Gate Settings
Slot Dimensions

Slot Width ~ Wslot2 1.50 ft
Slot Height above Floor  Hslot2 4.00 ft
Sill Height above Floor Hsill2 0.50 ft
Triangular Weir Dimensions
Side Slope SS2 0.00 ft/ft
Height of crest above Floor Hvee 4.00 ft
Coefficient of Discharge  Cd_vee2 0.62
Horiz Weir Dimensions
Width  Length2 6.50 ft
Height above Floor  Height2 4.00 ft
Weir 19 (upstream of Weir 18)
Floor Elevation Elev3 86.00 ft
Total Weir Width w 10.00 ft
Residual Pool Depth P 1 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width ~ Wslot3 1.50 ft
Slot Height above Floor ~ Hslot3 4.00 ft
Sill Height above Floor Hsill3 0.00 ft
Triangular Weir Dimensions
Side Slope SS3 0.00 ft/ft
Height of crest above Floor ~ Hvee3 4.00 ft
Coefficient of Discharge  Cd_vee3 0.62
Horiz Weir Dimensions
Width  Length3 8.50 ft
Height above Floor  Height3 4.00 ft
Weir 20 (upstream of Weir 19)
Floor Elevation Elev4 86.00 ft
Total Weir Width w 10.00 ft
Residual Pool Depth P 1 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width ~ Wslot4 1.50 ft
Slot Height above Floor ~ Hslot4 4.50 ft
Sill Height above Floor Hsill4 1.00 ft
Triangular Weir Dimensions
Side Slope SS4 0.00 ft/ft
Height of crest above Floor ~ Hvee4 4.50 ft
Coefficient of Discharge  Cd_vee4 0.62
Horiz Weir Dimensions
Width  Length4 6.50 ft
Height above Floor  Height4 4.50 ft
Exit Port
Headgate Orifice Elev  Elev_Exit 88.0 ft
Orifice Width ~ Worifice 4.0 ft
Orifice Height  Horifice 2.0 ft




Alternative A - Level 2 Modifications (Alternative A-2) Summer Gate Settings

Directions in Comments

Initial Guess of Ho OK OK OK OK OK
Total Residual (solve = 0) 0.00 0.01 0.00 0.00 0.00
[Summary of Hydraulic Results
Flow Designation Q_lp Q_opt Q_hp WSE92'
Bypass Streamflow over Spillway? No Bypass Bypass Bypass Bypass
WSE_Forebay WSE in Forebay| 90.00 90.64 91.06 91.55 92.00
Qstream Total Streamflow 18.0 39.1 63.7 124.2 201.1
QLadder Total Flow in Fish Ladder 18.0 21.7 25.0 30.0 35.9
dH (Weir 18) Drop over Weir_18 0.80 0.82 0.89 0.91 0.92
dH (Weir 19) Drop over Weir_19 0.70 0.72 0.79 0.86 0.86
dH (Weir 20) Drop over Weir_20 0.80 0.81 0.79 0.81 0.80
dH (Exit Port) Drop across Exit Port 0.21 0.30 0.39 0.57 0.81
YAttraction Attraction Flow| 100% 55% 39% 24% 18%
Bypass Spillway
Q_spillway Bypass Flow over Spillway 0.00 17.48 38.74 94.19 165.14
Crest 1 (broad)
H_crestl Upstream Head above Spillway 0.00 0.64 1.06 1.55 2.00
Q_crestl Total Flow in Slot| 0.00 17.48 37.61 66.16 96.77
Crest 2 (broad)
H_crest2 Upstream Head above Spillway 0.00 0.00 0.06 0.55 1.00
Q_crest2 Total Flow in Slot 0.00 0.00 1.13 28.03 68.37
Crest 3 (broad)
H_crest3 Upstream Head above Spillway 0.00 0.00 0.00 0.00 0.00
Q_crest3 Total Flow in Slot 0.00 0.00 0.00 0.00 0.00
Weir_17 (assume Uniform Flow)
WSE at Weir 87.50 88.00 88.20 88.40 88.60
Ho(floor) Upstream Head above FLOOR 3.50 4.00 4.20 4.40 4.60
Uslot Velocity in Slot 4.8 4.8 4.8 4.8 4.8
Dpool Min Pool Depth 25 3.0 3.2 34 3.6
EDF TOTAL Energy Disipation Factor 3.91 4.02 4.39 5.00 5.69
EDFweir EDF of plunging flow| 0.00 0.00 0.32 0.89 955
Vertical Slot
Qls Total Flow in Slot| ~ 18.02 21.67 23.11 24.59 26.00
Orifice
Q1lorifice Total Flow in Slot 0.00 0.00 0.00 0.00 0.00
Horizontal Weir Section
Q1 nonsubmerged Flow: 0.00 0.00 1.88 5.44 9.91
Q1lsub Flow w/Submergance 0.00 0.00 1.88 5.44 9.91
Weir_18
WSE at Weir 88.29 88.82 89.09 89.31 89.52
Ho(floor) Upstream Head above FLOOR 3.29 3.82 4.09 431 4.52
Q2solve Qweir2 - Qladder (solve = 0) 0.00 0.00 0.00 0.00 0.00
Uslot Velocity in Slot 4.3 4.4 445 4.6 4.6
Dpool Min Pool Depth 25 3.0 3.2 34 3.6
EDF TOTAL Energy Disipation Factor 2.67 2.88 3.44 4.04 4.68
Vertical Slot
Q2slot Total Flow in Slot| ~ 18.02 21.66 24.44 26.29 27.89
Triangular Weir Section
Qvee2 nonsubmerged flow: 0.00 0.00 0.00 0.00 0.00
Qvee2sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qveetrunc2 truncated nonsubmerged flo 0.00 0.00 0.00 0.00 0.00
Qveetrunc2sub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00
Qvee2sub Flow w/Submergance 0.00 0.00 0.00 0.00 0.00
Horizontal Weir Section
Qhorz2 nonsubmerged Flow: 0.00 0.00 0.56 3.73 8.02
Qhorz2sub Flow w/Submergance 0.00 0.00 0.56 3.73 8.02
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EDFweir EDF of plunging flow 0.00 0.00 0.00 0.26 0.81

Q3 nonsubmerged flow:
Q32sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qt3 truncated nonsubmerged flow| 0.00 0.00 0.00 0.00 0.00
Qt3sub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00
Q3sub Flow w/Submergance 0.00 0.00 0.00 0.00 0.00
Q3 nonsubmerged Flow: 0.00 0.00 0.00 2.04 6.55
Q3sub Flow w/Submergance 0.00 0.00 0.00 2.04 6.55

EDFweir EDF of plunging flow| 0.00 0.00 0.16 0.42 0.84
Q4slot Total Flow in Slot| ~ 18.02 21.67 23.52 25.82 27.08
Q4 nonsubmerged flow: 0.00 0.00 0.00 0.00 0.00
Q42sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qt4 truncated nonsubmerged flow| 0.00 0.00 0.00 0.00 0.00
Qtdsub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00
Q4sub Flow w/Submergance 0.00 0.00 0.00 0.00 0.00
Q4 nonsubmerged Flow: 0.00 0.00 1.48 7.10 12.09
Q4sub Flow w/Submergance 0.00 0.00 1.48 421 8.84

Qport Total Flow through Exit Ports|




Alternative A - Level 2 Modifications (Alternative A-2) Winter Gate Settings

|Alternative A - Level 2 Modifications (Alternative A-2) Winter

Project: STEAMBOAT FALLS FISHWAY FEASIBILITY STUDY

Date: 12/1/2009
Summary of Fishway Type and Dimensions

Spillway Crest Elev. = 89.0 ft (Gate Lowered)

Exit Port: Double 2'Wx3'H Exit Ports,
Seasonal Stoplog settings: SUMMER Exit Port Invert Elev. =88.0 ft

Weir 4: Floor raised 1', Centered 1.5' wide Vertical Slot, 4.5' Tall w/1' Tall Sill
Horizontal Weir with 6.5 ' Crest Length

Weir 3: Floor raised 1', Centered 1.5' wide Vertical Slot, 4.0' Tall w/No Sill
Horizontal Weir with 8.5 ' Crest Length

Weir 2: Right side 1.5' wide Vertical Slot, 4.0' Tall w/0.5' Tall Sill
Horizontal weir above slot, 6.5' wide

Weir 1 (unifrom flow): Right side 1.5' wide Vertical Slot, 4.0' Tall w/1' Tall Sill
Drop between Weirs = 1.0 ft.

[DESIGN INPUTS

Coefficients
Horiz. Weir Coeficient Cs =0.602+0.075(h/P)
V-Notch Weir coeficient Cv =0.607165-0.0008744669*@+6.103933x10" *"@n?
Broad Crested Weir Coeficient Cb 0.64
Orrfice Coeficient  Corifice 0.62
Vertical Slot Coeficient Cslot 0.60 from Rajaratnam 1986
Gravity g 32.2 ft/s2
Design Flows
Lowest Operating Flow Q_lp 18 cfs (Min Depth = 2.5 ft)
Stage H_Ip 35 ft
Optimal Operating Flow _opt 21.7 cfs (Depth=3ft, EDF=4 ft-Ib/s/ft3)
Stage  H_opt 4.0 ft
Highest Operating Flow Q_hp 36 cfs (HW at El 92")
Stage H_hp 4.6 ft
Scouring Tubulence (EDFweir>4)  Q_scour 52.0 cfs (EDF over weir = 4 ft-lb/s/ft3)
H_scour 5.0 ft

Bypass Spillway (broad crested weir)

Crestl Width ~ Widthl 10.0 ft
Crestl Elev El 1 90.0 ft
Crest2 Width ~ Width2 20.0 ft
Crest2 Elev El_2 91.0 ft
Crest3 Width ~ Width3 10.0 ft
Crest3 Elev El 3 92.0 ft

Weir 17 (Assume Uniform Flow at this Weir)
Floor Elevation Elevl 84.00 ft
Total Weir Width w 8.00 ft
Drop height between weirs dH 1.0 ft
Residual Pool Depth P 1 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft

Slot Dimensions

Slot Width Wslot 1.50 ft
Slot Height above Floor Hslot 4.00 ft
Sill Height above Floor Hsill 1.00 ft

Orifice Dimensions

Orifice Width  Wlorifice 0.00 ft
Sill Height above Floor Hlorifice 0.00 ft

Horiz Weir Dimensions

Width  Lengthl 6.50 ft
Height above Floor  Heightl 4.00 ft
Weir 18 (upstream of Weir_17)
Floor Elevation Elev2 85.00 ft
Total Weir Width w 8.00 ft
Residual Pool Depth P 0 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft




Alternative A - Level 2 Modifications (Alternative A-2) Winter Gate Settings
Slot Dimensions

Slot Width ~ Wslot2 1.50 ft
Slot Height above Floor  Hslot2 4.00 ft
Sill Height above Floor Hsill2 0.50 ft
Triangular Weir Dimensions
Side Slope SS2 0.00 ft/ft
Height of crest above Floor Hvee 4.00 ft
Coefficient of Discharge  Cd_vee2 0.62
Horiz Weir Dimensions
Width  Length2 6.50 ft
Height above Floor  Height2 4.00 ft
Weir 19 (upstream of Weir 18)
Floor Elevation Elev3 86.00 ft
Total Weir Width w 10.00 ft
Residual Pool Depth P 1 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width ~ Wslot3 1.50 ft
Slot Height above Floor ~ Hslot3 4.00 ft
Sill Height above Floor Hsill3 0.00 ft
Triangular Weir Dimensions
Side Slope SS3 0.00 ft/ft
Height of crest above Floor ~ Hvee3 4.00 ft
Coefficient of Discharge  Cd_vee3 0.62
Horiz Weir Dimensions
Width  Length3 8.50 ft
Height above Floor  Height3 4.00 ft
Weir 20 (upstream of Weir 19)
Floor Elevation Elev4 86.00 ft
Total Weir Width w 10.00 ft
Residual Pool Depth P 1 ft
Effective Pool Length Leff 12 ft
Weir Spacing On-Center Loc 12.67 ft
Slot Dimensions
Slot Width ~ Wslot4 1.50 ft
Slot Height above Floor ~ Hslot4 4.50 ft
Sill Height above Floor Hsill4 1.00 ft
Triangular Weir Dimensions
Side Slope SS4 0.00 ft/ft
Height of crest above Floor ~ Hvee4 4.50 ft
Coefficient of Discharge  Cd_vee4 0.62
Horiz Weir Dimensions
Width  Length4 6.50 ft
Height above Floor  Height4 4.50 ft
Exit Port
Headgate Orifice Elev  Elev_Exit 88.0 ft
Orifice Width ~ Worifice 4.0 ft
Orifice Height  Horifice 2.0 ft




Alternative A - Level 2 Modifications (Alternative A-2) Winter Gate Settings

Directions in Comments

Initial Guess of Ho OK OK OK OK OK
Total Residual (solve = 0) 0.00 0.01 0.00 0.00 0.00
[Summary of Hydraulic Results
Flow Designation Q_lp Q_opt Q_hp WSE92'
Bypass Streamflow over Spillway? No Bypass Bypass Bypass Bypass
WSE_Forebay WSE in Forebay| 90.00 90.64 91.06 91.55 92.00
Qstream Total Streamflow 18.0 39.1 63.7 124.2 201.1
QLadder Total Flow in Fish Ladder 18.0 21.7 25.0 30.0 35.9
dH (Weir 18) Drop over Weir_18 0.80 0.82 0.89 0.91 0.92
dH (Weir 19) Drop over Weir_19 0.70 0.72 0.79 0.86 0.86
dH (Weir 20) Drop over Weir_20 0.80 0.81 0.79 0.81 0.80
dH (Exit Port) Drop across Exit Port 0.21 0.30 0.39 0.57 0.81
YAttraction Attraction Flow| 100% 55% 39% 24% 18%
Bypass Spillway
Q_spillway Bypass Flow over Spillway 0.00 17.48 38.74 94.19 165.14
Crest 1 (broad)
H_crestl Upstream Head above Spillway 0.00 0.64 1.06 1.55 2.00
Q_crestl Total Flow in Slot| 0.00 17.48 37.61 66.16 96.77
Crest 2 (broad)
H_crest2 Upstream Head above Spillway 0.00 0.00 0.06 0.55 1.00
Q_crest2 Total Flow in Slot 0.00 0.00 1.13 28.03 68.37
Crest 3 (broad)
H_crest3 Upstream Head above Spillway 0.00 0.00 0.00 0.00 0.00
Q_crest3 Total Flow in Slot 0.00 0.00 0.00 0.00 0.00
Weir_17 (assume Uniform Flow)
WSE at Weir 87.50 88.00 88.20 88.40 88.60
Ho(floor) Upstream Head above FLOOR 3.50 4.00 4.20 4.40 4.60
Uslot Velocity in Slot 4.8 4.8 4.8 4.8 4.8
Dpool Min Pool Depth 25 3.0 3.2 34 3.6
EDF TOTAL Energy Disipation Factor 3.91 4.02 4.39 5.00 5.69
EDFweir EDF of plunging flow| 0.00 0.00 0.32 0.89 955
Vertical Slot
Qls Total Flow in Slot| ~ 18.02 21.67 23.11 24.59 26.00
Orifice
Q1lorifice Total Flow in Slot 0.00 0.00 0.00 0.00 0.00
Horizontal Weir Section
Q1 nonsubmerged Flow: 0.00 0.00 1.88 5.44 9.91
Q1lsub Flow w/Submergance 0.00 0.00 1.88 5.44 9.91
Weir_18
WSE at Weir 88.29 88.82 89.09 89.31 89.52
Ho(floor) Upstream Head above FLOOR 3.29 3.82 4.09 431 4.52
Q2solve Qweir2 - Qladder (solve = 0) 0.00 0.00 0.00 0.00 0.00
Uslot Velocity in Slot 4.3 4.4 445 4.6 4.6
Dpool Min Pool Depth 25 3.0 3.2 34 3.6
EDF TOTAL Energy Disipation Factor 2.67 2.88 3.44 4.04 4.68
Vertical Slot
Q2slot Total Flow in Slot| ~ 18.02 21.66 24.44 26.29 27.89
Triangular Weir Section
Qvee2 nonsubmerged flow: 0.00 0.00 0.00 0.00 0.00
Qvee2sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qveetrunc2 truncated nonsubmerged flo 0.00 0.00 0.00 0.00 0.00
Qveetrunc2sub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00
Qvee2sub Flow w/Submergance 0.00 0.00 0.00 0.00 0.00
Horizontal Weir Section
Qhorz2 nonsubmerged Flow: 0.00 0.00 0.56 3.73 8.02
Qhorz2sub Flow w/Submergance 0.00 0.00 0.56 3.73 8.02
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EDFweir EDF of plunging flow 0.00 0.00 0.00 0.26 0.81

Q3 nonsubmerged flow:
Q32sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qt3 truncated nonsubmerged flow| 0.00 0.00 0.00 0.00 0.00
Qt3sub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00
Q3sub Flow w/Submergance 0.00 0.00 0.00 0.00 0.00
Q3 nonsubmerged Flow: 0.00 0.00 0.00 2.04 6.55
Q3sub Flow w/Submergance 0.00 0.00 0.00 2.04 6.55

EDFweir EDF of plunging flow| 0.00 0.00 0.16 0.42 0.84
Q4slot Total Flow in Slot| ~ 18.02 21.67 23.52 25.82 27.08
Q4 nonsubmerged flow: 0.00 0.00 0.00 0.00 0.00
Q42sub submerged flow: 0.00 0.00 0.00 0.00 0.00
Qt4 truncated nonsubmerged flow| 0.00 0.00 0.00 0.00 0.00
Qtdsub submerged truncated flow: 0.00 0.00 0.00 0.00 0.00
Q4sub Flow w/Submergance 0.00 0.00 0.00 0.00 0.00
Q4 nonsubmerged Flow: 0.00 0.00 1.48 7.10 12.09
Q4sub Flow w/Submergance 0.00 0.00 1.48 421 8.84

Qport Total Flow through Exit Ports|
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APPENDIX I - Concept Level Cost Estimate Page 1 of 2

Steamboat Falls Fish Passage Project

Engineers Opinion of Probable Construction and Project Cost - Based on December 2009 Concept Design

ALTERNATIVE A

LEVEL 1
Item Item Description Quantity Unit Unit Cost Total
1 Mobilization and Demobilization 1 LS $15,000 $15,000
2 Control of Water and Bypass 1 LS $10,000 $10,000
3 Removal and Disposal of Gravel Deposition in Fish Ladder 1 LS $10,000 $10,000
4 Plug and Abandon Existing 18' Long 36" Dia. Sluice Pipe with Concrete 5 CY $1,800 $9,000
5 Demolition and Removal of Concrete Weirs 1 LS $7,500 $7,500
6 Modifications to Weir 1 (reconstruct entrance weir) 1 EA $5,000 $5,000
7 Modifications to Weirs 2-5 (sill plates, grouted ramps, orifice plugging, doweling) 4 EA $3,000 $12,000
8 Modifications to Weirs 6-18 (sill plates, grouted ramps, orifice plugging) 13 EA $1,500 $19,500
9 Modifications to Weirs 19-20 (concrete slab, new concrete slotted weirs, access ladder) 10 CY $2,200 $22,000
10  Dual Panel Aluminum Access Hatch 1 LS $10,000 $10,000
11  Concrete Cutoff Wall and Curb on Existing Fish Ladder Roof 8 CY $2,000 $16,000
Subtotal (Level 1): $136,000
Estimating Contingency @ 25%: $34,000
OPINION OF PROBABLE CONSTRUCTION COST (LEVEL 1): $170,000
Final Engineering and Design (Level 1): $50,000
Bidding Assistance (Level 1): $5,000
Construction Management (Level 1): $30,000
EINAL DESIGN AND CONSTRUCTION MANAGEMENT OPINION OF PROBABLE COST (LEVEL 1): $85,000
OPINION OF PROBABLE PROJECT COST (LEVEL 1): $255,000

LEVEL 2
Item Item Description Quantity Unit Unit Cost Total
1 Demolish and Remove Existing Concrete Crest 1 LS $10,000 $10,000
2 Reconstruct Concrete Spillway 1 LS $30,000 $30,000
3 Stainless Steel Hinged Crest Gate with Manual Actuator 1 EA $60,000 $60,000
4 Stoplogs and Frames for Exit Ports 1 LS $3,000 $3,000
Subtotal (Level 2): $103,000
Estimating Contingency @ 25%: $25,750
OPINION OF PROBABLE CONSTRUCTION COST (LEVEL 1+2): $298,750
Final Engineering and Design (Level 1 and 2): $65,000
Bidding Assistance (Level 1 and 2): $5,000
Construction Management (Level 1 and 2): $45,000
EINAL DESIGN AND CONSTRUCTION MANAGEMENT OPINION OF PROBABLE COST (Level 1 and 2):  $115,000
OPINION OF PROBABLE PROJECT COST (LEVEL 1+2): $414,000

LEVEL 3
Item Item Description Quantity Unit Unit Cost Total
1 AWS Rehabilitation (Auxiliary Intake Grille, Flow Control Valve and Floor Diffuser) 1 LS $30,000 $30,000
2 Aluminum Access Hatch for AWS 1 EA $7,500 $7,500
Subtotal (Level 3): $37,500
Estimating Contingency @ 25%: $9,375
OPINION OF PROBABLE CONSTRUCTION COST (LEVEL 1+2+3): $515,625
Final Engineering and Design (Level 1, 2, and 3): $80,000
Bidding Assistance (Level 1, 2, and 3): $5,000
Construction Management (Level 1, 2, and 3): $55,000
EINAL DESIGN AND CONSTRUCTION MANAGEMENT OPINION OF PROBABLE COST (LEVEL 1,2, and 3):  $140,000
OPINION OF PROBABLE PROJECT COST (LEVEL 1+2+3): $656,000

Cost do not include preparation of environmental documents, permitting, or consultation with agencies
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Steamboat Falls Fish Passage Project

Engineers Opinion of Probable Construction and Project Cost - Based on December 2009 Concept Design

ALTERNATIVE B
Bedrock Pools Fishway

Item Item Description Quantity  Unit Unit Cost Total
1 Mobilization and Demobilization 1 LS $30,000 $30,000,
2 Control of Water and Bypass 1 LS $10,000 $10,000
3 Bedrock Excavation and Disposal (Drilling and Chipping) 500 CY $200 $100,000
4 Bedrock Excavation and Disposal (Mechanical Excavation) 1,500 CY $75 $112,500

Subtotal: $252,500

Estimating Contingency @ 25%: $63,125

OPINION OF PROBABLE CONSTRUCTION COST: $316,000

Final Engineering and Design: $40,000

Bidding Assistance: $5,000

Construction Management: $50,000

FINAL DESIGN AND CONSTRUCTION MANAGEMENT OPINION OF PROBABLE COST: $95,000
OPINION OF PROBABLE PROJECT COST: $411,000

Cost do not include preparation of environmental documents, permitting, or consultation with agencies

Steamboat Falls Fish Passage Project

Engineers Opinion of Probable Construction and Project Cost - Based on December 2009 Concept Design

ALTERNATIVE C
Bedrock Pools with Concrete Weirs

Item Item Description Quantity  Unit Unit Cost Total
1 Mobilization and Demobilization 1 LS $30,000 $30,000,
2 Control of Water and Bypass 1 LS $10,000 $10,000
3 Bedrock Excavation and Disposal (Mechanical Excavation) 2,000 CY $75 $150,000,
4 Concrete Weirs 100 CY $2,000 $200,000

Subtotal: $390,000

Estimating Contingency @ 25%: $97,500

OPINION OF PROBABLE CONSTRUCTION COST: $488,000

Final Engineering and Design: $50,000

Bidding Assistance: $5,000

Construction Management: $40,000

FINAL DESIGN AND CONSTRUCTION MANAGEMENT OPINION OF PROBABLE COST: $95,000
OPINION OF PROBABLE PROJECT COST: $583,000

Cost do not include preparation of environmental documents, permitting, or consultation with agencies
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