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1 INTRODUCTION

1.1 SCOPE

This report presents a planning-level analysis of possible fish passage options at Scoggins Dam. The
intent of this report is to present a range of options for adult upstream and juvenile downstream fish
passage for comparison purposes. The feasibility of the concepts presented here is dependent on the
biological characteristics of fish species present, the management objectives of dam owners and
operators, and the management objectives of fisheries agencies for the basin. This evaluation applies
examples of current technology used for volitional (free passage) and nonvolitional methods of fish
passage. The cost estimates presented in this report should be considered as planning-level estimates
based on MWH’s design and construction experience with similar facilities.

Three scenarios have been considered as baseline conditions for fish passage concepts. These scenarios
include the existing dam and associated facilities, as well as two dam raise heights of 20-feet and 40-feet
along with subsequent modifications to the spillway and inlet/outlet facilities.

Figure 1 shows the locations of the fish passage concepts described in this report.
Downstream passage concepts included are:

1) A floating collector and associated trap and haul barge utilizing the existing intake tower.

2) High velocity screen utilizing the existing municipal and industrial water supply pipeline.

3) Flat plate screens located on the tributaries for collection and truck transport downstream of dam.
Upstream passage concepts include:

1) Modify and reinstate operation of the existing trap and haul facilities.

2) Conventional fish ladder alignment on the north side of the dam for volitional passage.
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2 EXISTING FACILITIES

History. Scoggins Dam is a key part of the Tualatin Project, a program enacted in 1963 by the Bureau of
Reclamation (Reclamation). The goal of the Tualatin Project is to manage the water supply in the
Tualatin River watershed for the purposes of irrigation, municipal and industrial (M&I) water supply,
flood control, recreation, conservation and development of fish and wildlife resources, and water quality.
Other facilities constructed for the Tualatin Project by Reclamation include the Patton Valley Pumping
Plant on Scoggins Creek, the Spring Hill Pumping Plant on the Tualatin River, and an irrigation
distribution system which deliver water from the pumping plants to lands within the Tualatin Valley
Irrigation District (TVID). TVID manages and operates these facilities through a contract with
Reclamation. Washington County Parks manages and operates the recreation facilities at Hagg Lake.

Fish Facilities. Fish collection facilities were incorporated in the dam construction to mitigate for
anticipated losses of anadromous fish habitat. These facilities include a valve box which can withdraw
water from either 44-inch or 18-inch discharge lines, a Howell-Bunger (fixed cone) valve to discharge
water into a fish handling and aeration supply structure, four guard gates and four regulating gates to
regulate water as it flows to the holding tank, and a fish ladder and attraction area. The holding tank
measures 50-feet by 12-feet by 6-feet deep and is equipped with a fish crowder mounted on rails. Two
hoists were used to move fish if they needed to be transported. These facilities were used to collect adult
steelhead and coho salmon that were then transferred to the Big Creek Fish Hatchery near Astoria, OR for
spawning and subsequent rearing of offspring. Juveniles were released from Big Creek Hatchery into
Scoggins Creek. Reclamation also provided funds for construction of additional incubation and rearing
facilities at Big Creek Hatchery.

The fish collection facility was abandoned in the mid-1980’s because of inadequate returns. Facility
components were dismantled and partially removed by ODFW in 1984 and 1985. A 4-foot cyclone fence
was erected around the entire tank for safety. Since then, the valves have been lubricated and operated
routinely. The Howell-Bunger valve was rebuilt in the late 1980°s and TVID reports that it still operates
(Vinsonhaler, 2002).

Tualatin Watershed. The drainage basin of the Tualatin River and tributaries is an oval-shaped area of
about 712 square miles located in the northwestern part of the Willamette Valley, Oregon. The western
boundary of the river basin is formed by the Coast Range, and the north and east boundaries are formed
by a range of high hills bordering the Columbia and Willamette Rivers. On the south, the Tualatin River
and Yamhill River basins are separated by the Chehalem and Parrott Mountains and the adjoining low
hills.

The drainage area consists of a central plain ranging in elevation from about 100- to 300-feet above sea
level, surrounded by hills or mountains that rise to much higher elevations. The Coast Range has a
general elevation from 2,000- to 3,000-feet. The hills to the north and east have elevations ranging up to
1,000-feet. In the south, the Chahalem and Parrott Mountains reach maximum elevations of 1,630-feet
and 1,240-feet respectively.

The Tualatin River is the northernmost major tributary to enter the north-flowing Willamette River from
the west. It originates on the east slope of the Coast Range and flows southeasterly 80 miles to a
confluence with the Willamette River upstream of Willamette Falls in Clackamas County about 2 miles
above Oregon City. Narrow valleys and steep ridges characterize the topography of the upper reaches of
the Tualatin River and tributaries. Slopes of the streams are quite steep, and as they emerge from the
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foothills, the topography changes rather abruptly to a comparatively flat valley with a fairly wide flood
plain.

The Tualatin River has eight large tributaries. Wapato Creek drains from the Chehalem Mountains;
Scoggins and Gales Creeks drain part of the Coast Range; Dairy and Rock Creeks drain the Tualatin
Mountains; McFee and Chicken Creeks drain the northeast slopes of the Chehalem Mountains; and Fanno
Creek drains the valley floor and Portland west hills (Tualatin River Watershed Council, 1998).

Owner. Scoggins Dam is owned and managed by Reclamation and operated by the Tualatin Valley
Irrigation District.

Users. The rights to water impounded behind Scoggins Dam are held by Reclamation. Long-term water
service contracts are held by the Tualatin Valley Irrigation District for irrigation; the Joint Water
Commission (comprised of the cities of Beaverton, Forest Grove, Hillsboro, and the Tualatin Valley
Water District), and Clean Water Services and the Lake Oswego Corporation for water quality
management of the Tualatin River and Lake Oswego.

2.1 PROJECT CHARACTERISTICS

2.1.1 Physical Characteristics

Scoggins Dam. The dam is a zoned embankment structure located approximately 25 miles west of
Portland, Oregon on the east slope of the coast range. The project is owned by Reclamation, and was
constructed from 1972 to 1975. Regulation of water began in January of 1975. It contains about
4,000,000 cubic yards of material. The dam crest is 2,700-feet long and is 116-feet above the bed of
Scoggins Creek. The upstream side of the dam is faced with riprap for protection against wave action; the
downstream side is faced with topsoil and planted with grass (Vinsonhaler, 2002).

Spillway. The spillway is located on the dam’s left abutment. The spillway is a chute type about 810
feet long. At the top of the spillway there is an intake transition to two radial gates which are 19-feet
wide and 20.5-feet high. Immediately downstream of the radial gates is a bridge for the road across the
dam. The chute starts downstream of the radial gates and varies in width from 43-feet at its upstream end
to 49-feet at its downstream end. A stilling basin, 50-feet wide by 132-feet long, is located at the end of
the chute. It has a horizontal floor and contains chute blocks at its upstream and downstream end
(Vinsonhaler, 2002).

Inlet/Outlet Works. The outlet works are also located on the left abutment. Figure 2 illustrates this
arrangement. At the upstream end of the intake is a 28-foot high intake tower which has trash rack
covered openings on its four sides and top. A six-foot diameter pipe runs 455-feet from the intake
structure to a gate chamber that is a concrete encased cavern. The gate chamber is 15.5-feet in diameter
and contains a hydraulically operated rectangular shutoff gate, four feet by five feet. Downstream of the
gate chamber is a 10.3-foot diameter horseshoe tunnel containing a 64-inch transmission pipe and an 18-
inch bypass pipe. The tunnel extends 531-feet downstream to the tunnel access structure. At the tunnel
access structure the main pipe branches into a 44-inch pipe to the outlet works and a 36-inch pipe for
municipal water delivery which is presently capped. The 44-inch Scoggins Creek Branch extends 324-
feet to the outlet structure. Two pipes branch off this pipe and deliver water to a stilling structure that
transports water to the fish capture facilities. The outlet structure contains two 2.25-foot square gates and
an 18-inch jet flow gate for the bypass line outlet. It also contains the piping and valves to supply water
to the fish capture facilities and an operator’s office.
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Figure 2 — Inlet/Outlet Structure and Piping

CL GATE CHAMBER

STA 8+80.00 )_’_

TUNNEL ACCESS

STRUCTURE 1

STA 14+10.95
STA 0 ON SCOGGINS
— CREEK BRANCH

Mé&I PIPELINE

OUTLET WORKS

CL INTAKE STRUCTURE
STA 4+25.00

A

a1

SCOGGINS CREEK

/ BRANCH

[]
| I
: |

f?‘ 1\'

J/ \\
AN
,."/!.f FE

*7‘3’ "X\
i { ‘.Il".
i T
L 5}_:
W M i
e e
¥ |
! ol |
1t iy
fiel s d-pi |

L;ST.-\ 245037

SCOGGINS CREEK BRANCH CONTROL HOUSE +

Water Supply Feasibility Study Partners

ibili doc/3/8/2004/2:23 PM

Page 5



Reservoir_and Perimeter Road. The reservoir behind Scoggins dam is known as Hagg Lake. The
reservoir at completion of the dam contains the following storage amounts.

Storage Top of Capacity Elevation
(Acre-feet) (Feet)
Dead Capacity 3,980 229.0
Inactive Capacity 2,330 235.3
Active Conservation 23,600 272.9
Joint-use Capacity 30,000 303.5
Surcharge Capacity 2,630 305.8

A two-lane asphalt road circles the reservoir. It is about 11 miles long and has experienced slides. Some
of its length is less than 20-feet above the maximum pool. Some sections would require relocation if the
dam were to be raised (MW, 1999).

Tributaries. Three major tributaries feed Hagg Lake. The largest flow comes from Scoggins Creek
which has a drainage area of 15.9 square miles. Additional flow comes from Sain (drainage area of 10.3
square miles) and Tanner Creeks (drainage area unknown). Water released from Hagg Lake goes into the
lower portion of Scoggins Creek which conveys the water to the Tualatin River.

2.1.2 Project Operation

Flood Control. Scoggins Dam is used for flood control from November to April. The objective of the
Tualatin Project flood control operations is to completely regulate the 50-year flood at Scoggins Dam to
keep the Tualatin River at the Dilley gaging station below the flood stage of 17-feet. The flood control
regulation at the Dilley gage is 1,250 cfs or a stage of 16.5-feet or less. Flood control storage in Hagg
Lake provides for complete regulation of a 50-year, 7-day Scoggins Creek flood for the period of
November 1 through January 15. Runoff volume generated by a 50-year flood (referred to as a “design
flood”) was estimated to be about 20,000 acre-feet. Based on this, the upper 20,560 acre-feet of capacity
in Hagg Lake between the top of the “conservation pool” (elevation 283.5-feet) and the top of “full pool”
(elevation 303.5-feet) is reserved for flood control operations.

The complete flood control plan for the Tualatin Project is contained in the “Water Control Manual for
Scoggins Dam — Hagg Lake”, published by the U.S. Army Corps of Engineers in 1988 under authority of
Section 7 of the Flood Control Act of 1944. The general provisions under which the Tualatin Project is
operated for flood control purposes is contained in a Memorandum of Understanding entered into by the
Corps of Engineers and Reclamation in early 1989 (Vinsonhaler, 2002).

Dam Operations — Irrigation Releases. Irrigation district water users are required to advise the TVID
office of when and where they want water, and the quantity desired. This includes those users obtaining
water from the Tualatin River upstream of the confluence of Dairy Creek and those within the Spring Hill
and Patton Valley systems. This notification is to be given by telephone, fax, or e-mail at least 24 hours
in advance of delivery.

Irrigation water withdrawals by users within TVID boundaries are from Scoggins Creek, Tualatin River,
and Gales Creek. Withdrawals from the Tualatin River extend from about RM 63 (3 miles above the
confluence of Scoggins Creek) downstream to about RM 13.7 (near the Elsner Bridge). While the major
river withdrawal is at Spring Hill Pumping Plant, numerous individual pumpers along the river lift water
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to irrigate lands within TVID. These lands are exercising individual water rights to natural flows on the
Tualatin River. Most of them have primary natural flow rights, with a secondary right to stored water
from Hagg Lake. It is estimated that an additional 10,500 acres are irrigated by natural flow waters
outside of TVID boundaries (Vinsonhaler, 2002).

Irrigation withdrawals at the Patton Valley and Spring Hill Pumping Plants are measured by TVID.
Measurements at these pumping plants also include natural flows. With regard to the individual river
pumpers, the Watermaster notifies the pumpers when the natural flow is regulated. At this time, TVID
commences its water measuring program of those pumpers who obtain stored water from Hagg Lake.
While the Watermaster maintains a database of individual water right holders and their points of
diversion, withdrawals are not measured until such time in the year as they are regulated and the
individual pumper converts to stored water. Withdrawals by river pumpers relying solely on their natural
flow rights are not measured (Vinsonhaler, 2002).

Dam Operations- M&I Releases. The JWC-owned pumps at the Spring Hill Pumping Plant are
operated year-round. Natural flows are generally sufficient to meet water needs from October/November
to mid-June. After June, stored water from Hagg Lake and Barney Reservoir is released to meet M&lI
demands. Water orders are made to the TVID reservoir superintendent daily by e-mail. Water demands
can fluctuate from day to day for municipal uses depending on the weather, primarily due to outdoor use.
Hot, dry days can double residential and commercial water demand. In addition, there are demand
fluctuations within each 24-hour period. The TVID reservoir superintendent attempts to meet this daily
peaking by varying the volume of release from Scoggins Dam.

Dam Operations — Water Quality Releases. For water quality operations, the release of water from Hagg
Lake is coordinated between CWS, the Lake Oswego Corporation and the TVID reservoir superintendent.
The releases take into account actual streamflows at the Farmington gaging station and the amount of
stored water available in Hagg Lake and Barney Reservoir. Tualatin Project water quality releases are
usually requested by e-mail (Vinsonhaler, 2002).

Dam Operations - Trap and Haul Facility. The fish collection facilities at Scoggins Dam were taken
out of commission in the mid-1980’s because sufficient numbers of salmon and steelhead were not
returning to Scoggins Creek. The only regular operation is the annual maintenance of the valves
associated with the fish facility.

2.1.3 Proposed Physical Changes

Twenty Foot Dam Raise

Under this scenario, all elevations in the existing dam would be raised 20-feet. The crest of the dam
would be increased from 313-feet to 333-feet. The top of Joint Use Capacity would increase from 303.5-
feet to 323.5-feet and the top of Surcharge Capacity would increase from 305.8-feet to 325.8-feet.
Assuming that the intake level would remain the same, the available storage would increase from 53,600
acre-feet to 80,200 acre-feet. This provides an additional 26,600 acre-feet of active storage. The actual
useable storage will depend on desired operating criteria, withdrawal amounts and schedules, and the
probability of firm water delivery.

Dam. The embankment would be raised by adding fill to the downstream side of the dam. Preliminary
engineering conducted by Reclamation under this scenario assumes that the upstream and downstream
slopes of the embankment are the same as the present slopes.
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Spillway. The operation for flood control and the design floods were assumed by Reclamation to be the
same for the existing and raised dams. Therefore, the spillway gates, chute width, and stilling basin are
assumed to be the same for the raised dam. The spillway would be located on the left abutment. The
radial gates would be located 250-feet northeast of the present gate location. The chute would be angled
to the existing chute so that the new stilling basin would be positioned at about the same location as the
existing stilling basin.

Outlet Works. Since the spillway has been positioned to avoid any of the outlet structures and piping,
the outlet works would not be affected. Reclamation has concluded that with a dam raise of twenty feet
the existing pipes, gates, and valves are of sufficient strength to withstand the additional head.

Relocations. About 2.7 miles of county road surrounding Hagg Lake would have to be relocated. The
bridge over Scoggins Creek just upstream of the lake will have to be raised, and a bridge or embankment
would have to be constructed at three other tributaries.

There are six park developments on the lake at the shoreline. Washington County has made several
improvements at the parks since the dam was built. It was assumed that all park facilities would have to
be relocated or rebuilt.

Forty Foot Dam Raise

All elevations in the existing dam would be raised by forty feet. The crest of the dam would be increased
from about 313-feet to 353-feet. The top of Joint Use Capacity would increase from 303.5-feet to 343.5-
feet and top of Surcharge Capacity would increase from 305.8-feet to 345.8-feet. Since the intake level
would remain the same, the available storage would increase from the existing 53,600 acre-feet to
104,200 acre-feet. This provides an additional 50,600 acre-feet of active storage. The resulting useable
storage will depend on operating and withdrawal criteria.

Dam. The embankment would be raised by adding fill material to the downstream side of the dam. The
upstream and downstream slopes of the embankment are assumed to be the same as the present slopes.
There is an unnamed tributary entering from the left just downstream of the dam. If the dam were raised
40 feet, the downstream fill on the left side of the dam would extend into the small valley of this tributary.
Drainage provisions for this tributary would have to be provided, increasing the cost of this option,
compared to the 20-foot raise.

Spillway. The operation for flood control and the design floods were assumed to be the same for the
existing and raised dams. Therefore, the spillway gates, chute width, and stilling basin were assumed to
be the same for the raised dam. The spillway would be located on the left abutment. It was assumed that
the radial gates would be located about 400-feet northeast of the present gate location. Much of the left
abutment would have to be reshaped to accommodate the approach to the spillway. The chute would
roughly parallel the existing chute about 400-feet to the east. It would be about 40% longer than the
existing spillway and would run down the ridge east of the outlet structure. The new stilling basin would
be located about 500-feet southeast of the existing stilling basin.

Outlet Works. The fill on the upstream side of the left abutment area would extend as far into the
reservoir as the twenty-foot dam raise. Therefore, the existing inlet structure can be used under this
scenario. Preliminary evaluations by Reclamation indicate that the existing pipes and valves can
accommodate the 40-feet of increased head with some modifications. Since the embankment covers the
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existing outlet structure, outlet works would be relocated to the tributary valley east of the existing
structure. A new outlet channel would have to be excavated to join the outlet channel about 1,200-feet
downstream of the existing outlet structure. It is assumed that the new outlet structure would be the same
as the existing one and that the tunnel and piping would be extended.

Relocations. About 4.3 miles of county road surrounding Hagg Lake would have to be relocated. The
bridge over Scoggins Creek just upstream of the lake will have to be raised, and a bridge or embankment
would have to be constructed at six other tributaries.

There are six park developments on the lake at the shoreline. Washington County has made several
improvements at the parks since the dam was built. It was assumed that all park facilities would have to
be relocated or rebuilt.

2.1.3 Streamflow Gages

There are 4 gages employed in the operation of Scoggins Dam and in the determination of exceedence
flows. Sain Creek and Scoggins Creek both have gages above Hagg Lake (SCHO and SCLO). Scoggins
Creek also has a gage below the Scoggins Dam which is used to measure the releases from Hagg Lake.
The gaging station at Dilley on the Tualatin River is used to monitor and dictate the flood control at
Scoggins Dam. Each of the stations is a surface water gaging station.
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3 TARGET SPECIES AND RUN TIMING

3.1 TARGET SPECIES

The target species for fish passage at Scoggins Dam are Steelhead and Pacific lamprey. Steelhead in the
Willamette basin migrate upstream from November to the end of May, with the peak occurring in March.
The downstream migration of juvenile steelhead begins in March and ends toward the end of July, with
the peak occurring in April and May. Historically other fish species have been observed in the basin, but
the literature does not support the presence of other native anadromous or migratory fishes in the basin
above Scoggins Dam. (MWH, 2003) Other species investigated included cutthroat trout, Coho salmon,
and spring and fall runs of Chinook salmon. Resident cutthroat are thought to reside in the basin.

Pacific Lamprey may become an issue for passage because the species was petitioned for federal listing
under the Endangered Species Act (ESA) in January 2003. The literature, studies, and research of Pacific
Lamprey is not as complete as it is for anadromous fish species. There are still many unknowns about the
abundance and distribution of this species in the basin. (ODFW, 2002) Lamprey passage is relatively new
to the northwest and there are few examples of techniques for passage. Lamprey are able to pass
upstream over natural obstacles in streambeds by clinging to the surfaces with the use of their suction
mouths. They appear to have difficulty passing over artificial barriers such as dams and conventional fish
ladders. Roughened surfaces appear to be the most favorable for passage, which are normally not found
in conventional concrete fish ladders. American eel passage has been implemented in the northeast for
dam passage using much simpler techniques than is necessary for salmon. Upstream passage generally
consists of a steep trough or flume with roughness added to the lining. A very small amount of water is
normally used in upstream eel passage facilities.

Due to the unknowns, Lamprey passage has not been investigated in detail in this report. Based on
upstream eel passage facilities that have been implemented in the northeast, the cost of Lamprey passage
facilities alone for Scoggins Dam would be an order of magnitude less than the upstream passage
facilities described in this report (USGS, 2001), and the added cost would most likely fall within the
contingency for the range of costs for the steelhead passage facilities listed in this report. Downstream
passage requirements for Lamprey are relatively unknown at this time. Generally, the research on
downstream passage facilities has found that juvenile Lamprey are prone to impingement on the screens
currently designed for salmon (ODFW, 2002). Costs for lamprey facilities are difficult to determine for
downstream lamprey passage facilities since those facilities have not been constructed in the northwest.

3.2 FISH MIGRATION RUN TIMING.

In the following section, the timing of fish migration is compared to inflow, outflow, and water surface
elevations at Hagg Lake. Data for the development of water surface and outflow curves was obtained
from the operations log for Scoggins Dam (1996-2003). The reservoir inflow data was developed from
gages on Sain Creek and Scoggins Creek. The gage data was obtained from Oregon Water Resources
Department streamflow data, 1972 to 1995 (http://www.wrd.state.or.us) and the Washington County
Watermaster's website, 1996 to 2001 (http://www.co.washington.or.us/deptmts/wtr_mstr). Fish run
timing was developed from data collected at Willamette Falls for both juvenile and adult steelhead (PGE,
2002).
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3.2.1 Run Timing verses Water Surface Elevations in Hagg Lake

Figure 3 illustrates the run timing of adult and juvenile steelhead relative to the water surface fluctuations
in Hagg Lake. The purpose of this chart is to show the trends of adult and juvenile fish migration relative
to the water surface in the Lake, and when fish passage facilities would be expected to be in operation.
Water surfaces are plotted based on the average, 5%, and 95% exceedence records, and the operating rule
curve. The spillway crest is also shown as a horizontal line across the chart. Adult migration period is
shown with the shaded bars across the top horizontal axis of the chart, with the peak of the run indicated.
The chart indicates that the downstream migration of juvenile steelhead occurs from early March and
extends through late July, with the peak occurring from mid April to mid May. This coincides with the
trend of the lake water surface rising towards the maximum height during the peak of the juvenile
migration season. The timing of the adult upstream migration begins in November and extends through
late May. In November, the lake water surface is generally at its lowest level, and the trend shows rising
Lake levels that top out in May.

3.2.2 Run Timing verses Outflow at Scoggins Dam

Outflow from Scoggins Dam is compared to run timing in Figure 4. Outflow is shown to generally
increase with the beginning of the adult migration in November and December, and begins to decrease in
January to the low outflow period in May and June. Fish migration may be different for the Scoggins
basin relative to the patterns recorded at Willamette Falls due to the differences in basin hydrology. The
flow contribution from the basin above Scoggins Dam does not have same hydrologic patterns as in the
Cascade Mountain basins where there is a contribution from the snowmelt cycle. The Dam outflow
pattern is more likely to effect juvenile migration than adult migration for downstream passage facilities.
In nature, the peak of the juvenile migration occurs at times of increasing or peak natural flows, which
assists fish travel to the ocean. Figure 4 shows a trend of decreasing outflow verses increasing migration
for juveniles, and increasing outflow verses increasing adult migration.

3.2.3  Run Timing verses inflow to Hagg Lake

Inflow verses run timing is shown in Figure 5. Flow from the tributaries feeding Scoggins Lake generally
follows a trend similar to that shown in the outflow chart in Figure 4. Inflow increases in the late fall and
winter, and decreases from midwinter into spring.
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Figure 3 — Run Timing vs. Water Surface Elevation for Hagg Lake
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Figure 4 — Run Timing vs. Outflow for Scoggins Dam
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Figure 5 — Run Timing vs. Inflow for Hagg Lake
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4 DOWNSTREAM FISH PASSAGE CONCEPTS

The description of downstream passage concepts begins with a brief summary of the primary facility
components in Section 4.1. Section 4.2 describes the general categories of downstream passage
technologies, and in Section 4.3, three possible concepts are described that are based on technology
introduced in the preceding sections. Planning-level costs for the concepts are given at the end of each
concept section.

4.1 SYSTEM COMPONENTS

The primary components that are critical for the design of downstream fish passage facilities are:

1) Entrance and Attraction. Entraining fish into the fish passage system is the most important design
issue, but also carries the most uncertainty. This is due to fish behavioral characteristics associated
with environmental conditions, such as temperature and velocity gradients. Attraction requirements
are very site specific, and depends on variables such as geometry of the dam, topography, flow
characteristics, fish behavior, system hydraulics, and other factors.

2) Bypass. The transition from the bypass entrance to the conduit should be smooth, with velocities in
the conduit evenly distributed, and acceleration of flow constant. The bypass conduit (pipeline or open
flume) is normally smooth-walled. Design issues to be addressed are flow conditions and injury
prevention.

3) Sorting/Monitoring Facility. The ability to enumerate and record fish migrating through the bypass is
important to the overall facility design. This component has become an increasingly important design
issue due to ESA listings,.

4) Exit. The proper location of the bypass exit is important to survival of fish that pass through the
system. The exit is normally placed as close to the dam tailrace as possible. Minimizing the time out
of the river, plunge of the flow jet, and velocity of receiving water are all important design issues in
the protection of fish from predation and injury.

4.2 EXISTING DOWNSTREAM PASSAGE TECHNOLOGY

The existing technology for downstream passage can be classified into the following general categories;
surface attraction systems, high velocity/noncriteria screens (noncriteria are those technologies that do not
meet agency criteria but have worked in some applications), exclusionary screening, spill, and
behavioral/experimental technology. The costs associated with the examples of downstream technology
are construction costs and engineer’s estimates taken from actual facilities, and have been adjusted for
inflation. Estimated capital costs are noted.

4.2.1 Surface Attraction Systems

Surface attraction has been utilized under conditions where surface water velocities are low, such as
hydroelectric projects with deep intakes. During the spring, downstream migrants normally travel close to
the surface of a deep reservoir. The principle behind surface attraction is to use attraction flow at the water
surface to draw fish into a bypass. Criteria for this application are discretionary, and are often evaluated in
terms of Fish Guidance Efficiency (Fish Guidance Efficiency refers to the measure of success of diverting
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fish into a passage facility). The effectiveness of prototype collectors is often tested before full-scale
implementation. Examples of operating or under-construction surface collection facilities are:

*=  Wells Dam on the Columbia River in central Washington. ($1.4 M)

= Cowlitz Falls on the Cowlitz River in western Washington. ($16M)

= Bonneville Prototype Collector at Bonneville Dam on the lower Columbia River. ($5M)
»  Gulper system at the Baker Lake Project in Western Washington. (est. $10M - $15M)

Surface attraction principles would be a technically feasible application to be considered for the Scoggins
Dam project. The design would be governed by site specifics, and the attributes of one or a combination
of existing systems could be applied. Fish guidance effectiveness is difficult to quantify in surface
collection applications.

4.2.2 High Velocity / Noncriteria Screens

High velocity screens are considered as noncriteria and experimental systems by the resource agencies due
to the high velocities normal to the screen face. However, some high velocity screens have been installed
with favorable results. These systems are operated under pressure; utilizing horizontal inclined screens to
divert fish to a bypass. The screens are inclined from 10 to 15 degrees and feature a center pivot for
backwash cleaning. Well known types of high velocity screens are:

» Eicher Screens [1 Elwha prototype ($1.4M), Willamette Falls Project ($4.7M), Puntledge
Hydroelectric Project ($5.4M). Screens are oval shaped, developed for use in penstocks.

*=  Modular Inclined Screens (MIS) [] Prototypes are in use at Green Island (N.Y.) Hydroelectric
Project ($1200-3700/cfs, EPRI 1997). This is a recent variation of the Eicher screen concept
that is a rectangular shaped screen within a modular housed unit.

Project photographs illustrating this technology are included in the Appendix. High velocity screens are a
technically feasible application for the Scoggins Dam project. It may be necessary to combine this method
with other technological variations.

4.2.3 Exclusionary Screening

Exclusionary screens are designed to exclude 100 percent of the target species. Agencies have established
criteria for these systems, which vary relative to the size of the species. NMFS criteria for salmonid fry
requires that the approach velocity perpendicular to the screen face and measured approximately 3-inches
away is less than or equal to 0.4 fps. For smolts, approach velocity should be less than or equal to 0.8 fps
(NMFS 1995). Sweeping velocity should be equal to or greater than 2.5 times the approach velocity. The
screen slot opening criteria is 3/32 in. The guidance efficiency can be as high as 100% for this type of
system, but mortality due to impingement could result in significant losses. Feasibility for application of
exclusionary screening technology is probably impractical at the outlet works due to large fluctuations in
reservoir water surface elevations. The normal application of exclusionary screen systems is for
hydropower or irrigation diversions. The tributary screen concept would utilize flat plate screening
designs. A few examples of vertical flat plate screening projects recently constructed are:

= A Canal Fish Screen , USBR Klamath Falls, OR ($12M — 1100 cfs)
= Landsburg Fish Screen, Seattle Public Utilities, WA ($8.2M — 435 cf5s)
= Garden City/Lowden Fish Screens, BPA, WA ($1.5M — 50cf5s)

Photographs of some of these project installations are included in the Appendix.
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4.2.4 Spill

Spill of fish over dam crests is used with variable success at many of the Columbia River hydroelectric
projects. High guidance efficiencies have been observed at many of these projects. Spill would probably
not be considered as a feasible method of passage at the Scoggins Dam project. Fish mortality would most
likely result from impact with the energy dissipation blocks at the base of the spillway.

4.2.5 Behavioral / Experimental Technology

Behavioral methods of diverting fish away from intakes include sound, light, and electric barriers. These
methods have proven to be essentially enhancement measures to other passage technology.

4.3 CONCEPTS

The following three concepts describe a range of techniques for passage of downstream migrants at
Scoggins Dam. Each concept description includes various options that can be considered. These options
are not necessarily exclusive to the particular concept, and can sometimes be applied to other concepts.
New options may be derived for a concept that may apply to others as the analysis proceeds in subsequent
stages. The general concepts for downstream passage are:

1) Floating surface attraction with trap and haul
2) High velocity screen in the 36-inch diameter M&I supply pipeline
3) Tributary exclusionary screens with trap and haul

These concepts would most likely require a facility or system for monitoring and evaluation (M&E) of the
success of the passage system. An M&E facility has not been detailed in this report. Concepts 1 and 2
would have a high operation and maintenance cost over the life of the project due to the trap and haul
component of each. The range of capital costs given below are planning-level costs, based on comparisons
to other facilities.

4.3.1 Concept # 1 - Floating Surface Attraction Facility

This concept would implement a floating surface attraction facility, similar to the “gulper” type collector
used on the Puget Sound Energy Baker Lake project in western Washington. It is assumed that the
numbers of juvenile steelhead migrating through the system will be fairly low compared to larger systems
based on the capacity of the rearing habitat in the upstream tributaries. The facilities would consist of a
surface collector housed on a floating barge, which would continuously adjust to the water surface and
divert fish to a holding tank (see Sheet 1). This concept would operate on a seasonal basis during the
juvenile migration period only. The collector would be mounted upstream of the outlet structure, passing
flow through an inclined screen into an intake pipeline.

Attraction. There are two possibilities for providing attraction flow through the system. In the first
example, attraction flow to the surface collector would be provided by a pump-driven system. The
configuration of the collector and the transport system would be the same as described above. Two low-
head, high-volume pumps would be mounted on the barge deck, drawing flow through the collector
entrance and back into the Lake. Guide nets may be necessary to direct fish into the collector entrance.
The fixed guide nets would extend from the base of the Lake to the collector entrance, designed to adjust
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to the depth fluctuations of the Lake. A second option is a gravity-driven system that utilizes an intake
pipeline plumbed into the outlet works. This system is hydraulically complex and will require more
thorough analysis to refine the details of the system. The most favorable condition would be to bypass all
of the release flow through the surface collector for attraction flow. Attraction flows would be highest
toward the beginning of the migration season in late spring, and then drop off as the project release flows
diminish into May. Based on the current operation, the system would be sized to handle a maximum flow
of approximately 130 cfs in May, dropping off to approximately 60 cfs in late May. After the juvenile
migration season, the system operation would be discontinued from the outlet works, allowing normal
operation of the irrigation releases later in the summer. A flexible pipeline would be designed to allow
vertical movement of the barge relative to the Lake water surface.

The major benefit of a pump-driven system is that it provides a constant attraction flow to the collector that
does not impact outflow from the Lake, and is not dependant on a complex gravity piping system for
operation. The drawback is that there would be additional operation costs to provide power to the pumps.
The benefit to the gravity attraction system is that it does not require power to provide attraction flow. The
drawback is that the flow required for attraction may impact Lake fill timing and flow release in order to
maintain a constant source of attraction flow. Both of these systems will require operators for the
collector, transport barge, and transport truck.

Collection. With the surface attraction method, fish would pass from the collector entrance over a
horizontal inclined screen mounted in the barge, dewatering and separating fish from the outflow. The
collector would operate in fishing mode, passing fish over the screen into a holding/transfer tank until the
desired density is reached. The holding/transfer tank system would be modular, allowing the tank to be
transferred from the barge onto a trailer or flatbed truck on the shoreline. A loading ramp would be
constructed on the shoreline close to the barge, similar to a common boat ramp where the trailer or flat bed
would be backed into the water and the tank floated into place for transfer. Fish would then be transported
for release downstream of the dam into Scoggins Creek. This system would be complete water to water
transfer, minimizing any physical handling of the fish.

A surface attraction facility would work for the existing condition, the 20-foot dam raise, and the 40-foot
dam raise without substantial change to the design under both attraction flow alternatives.

Downstream Concept 1 estimated range of cost: $2M - $5M

4.3.2 Concept # 2 - High Velocity Screen on the M&l 36-inch pipeline

Concept #2 would consist of a high velocity screen located on the 36-inch diameter M&I pipeline
upstream of the M&I gatewell. This is a more hydraulically elaborate concept that would be operated
during the juvenile migration season, and could be infeasible depending on the future operation of the
M&I supply pipeline. High velocity screens are considered to be experimental systems by the NMFS, and
may not be acceptable as a fish passage option. This option should be considered as a possible approach
that would require more investigation to determine feasibility and cost.

The best condition for this concept would be to install a new gate well and control gate downstream of the
Dam, approximately 200-foot along the straight pipeline alignment. A screen facility would be installed
midway between the new and existing gatewell, the existing gatewell removed, and replaced with solid
pipe (see Sheet 2). Fish would pass into the outlet works, travel through the outlet pipe past the Scoggins
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Creek Branch and up towards the screen. There would be a transition to a larger diameter pipeline
(approximately 6-feet) that would be sized to lower the velocity across the inclined screen. Another
transition would be downstream of the screen reducing the pipeline back to a connection to the 36-in
diameter M&I pipeline. The Scoggins Creek Branch pressure gate would be closed during operation of the
fish bypass, passing all of the normal flow released through the fish bypass system. The oval-shaped
inclined screen would be set at a 10 to 15-degree angle to the flow, directing fish to a smaller diameter
bypass pipeline attached to the top of the screen housing. As described in the previous section, the screen
would pivot about the pipe centerline to backwash debris passing through the system.

The bypass pipeline would be aligned to follow directly perpendicular to the slope of the adjacent hillside
to a concrete pressure release vault. The vault would have an adjustable weir that would maintain a
constant head differential between Lake water surface and the vault water surface elevation to control the
bypass flow through the system. Flow required for the bypass would be in the range of 10 to 15 cfs. This
hydraulic configuration would also continue to maintain the head required for the M&I pipeline. Following
the rule curve for existing operation, the vault would have the capacity to adjust to the water surface
differential from March (298.5-feet) through May (303.5-feet). An open channel flow conduit bypass
pipeline would transport fish to a point close to the outlet of the flow release. Bypass hydraulics are
subject to the requirements of agency criteria, which normally result in long bypass pipelines to dissipate
the head differential. The bypass would most likely wind in a serpentine alignment down the slope to a
release point close to the normal flow release outlet.

This concept would be possible with the 20-foot and 40-foot dam raise scenarios depending on the
operation of the Lake water surface elevations. The higher cost for the concrete vault and piping would be
proportional to the amount of regulation between the winter storage and summer storage water surface
elevations. This concept is intended to work as a non-pumped system, with gravity flow release into
Scoggins Creek. It could be a pump-driven system that would not result in flow to Scoggins Creek, but it
would require the addition of pumps and a pipeline. Trap and haul would also be an option, but a minor
amount of gravity flow to Scoggins Creek would still most likely be required. The major benefit to this
concept is that it does not require pumps to operate, and fish can be passed directly to the river, minimizing
the stress on the fish. Operation effort would most likely be low once the system is set up in a constant
flow mode. The major drawback is that it is a more costly system that would require a constant outflow to
Scoggins Creek, which may impact Lake fill and storage operation.

Downstream Concept 2 estimated range of cost: $5M - $10M

4.3.3 Concept # 3 - Tributary Exclusionary Screens

A flat plate criteria screen structure would be placed on one or more of the tributary streams at the upper
end of Hagg Lake. The facility would be designed to operate during the steelhead outmigration season in
the spring. The purpose of this concept is to transport the juvenile fish around Hagg Lake to minimize the
loss of fish due to predation in the lake. Inflatable weirs would be designed to work with a vertical flat
plate exclusionary screen to divert all of the stream flow through the structure, except for high flood flows.
The weir would create the height needed to drive the hydraulic head necessary for proper operation of the
screens and the bypass. Fish would be diverted to a hopper for transfer to trucks for transport and release
downstream. This concept would operate in tandem with an adult trap and haul facility downstream.
Adults would have to be released upstream of the weir, otherwise a fish ladder would be required for
passage around the weir.
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This concept would operate under all the future scenarios proposed for the dam. The location of the
facilities will be affected by the upstream inundation of the dam raise. The major benefit to this concept is
that fish will be trapped prior to entering Hagg Lake where they could be subject to predation from the
warm water species residing in the lake. It would not have attraction flow requirements nor would it
impact release flows downstream to Scoggins Creek. The drawbacks are that debris will be difficult to
handle as all the flow is screened, resulting in increased effort for operations and maintenance. Flood
flows would be passed over the weir to keep the size of the facility within reason. During the flood flows,
juvenile migrants would also pass, defeating the purpose of the structure. Normally, exclusionary screens
are implemented in diversions off of a main body where the screened flow is diverted away for irrigation
or power generation purposes. This system would discontinue passage for other species between the lake
and the tributaries.

Downstream Concept 3 estimated range of cost: $2M - $6M
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5 UPSTREAM FISH PASSAGE CONCEPTS

Upstream passage concepts at Scoggins Dam are more limited than those for downstream passage. As in
the downstream passage descriptions, components of an upstream passage system will be described, then
existing technology, followed by potential concepts.

5.1 SYSTEM COMPONENTS

The focus of the description of system components for upstream passage will be on ladders, with elements
of trap and haul technology included. The following list describes the components:

1) Fishway Entrance. Design of the fishway entrance is the most important element of any adult
passage system. Placing the entrance in the proper location relative to the specific site topography
and hydraulic conditions is essential to the success of the facility. Important design elements
include orientation of the entrance, the proper amount of attraction flow, water temperature of the
attraction and fishway flow, the proper distribution of attraction flow, and access for operation and
maintenance.

2) Fishway. The term fishway refers to the internal elements of the adult passage system. Many
different configurations exist that can be considered for adult passage. The type chosen depends
on swimming characteristics of the target species, related hydraulic conditions necessary for
passage, and operation and maintenance considerations.

3) Fishway Exit. Design element considerations of the fishway exit depend on the site conditions to
which the exit leads. For example, the exit considerations for a trap and haul system would be
different than for an exit to a stream or lake. The descriptions of the concepts in Section 5.3 will
give more insight into this design consideration. Proper exit location and orientation, location and
screening of the attraction water intake, proper hydraulic design, and ease of maintenance are all
necessary for a successful and efficient fishway design.

4) Trap and Haul. Due to the large fluctuations in water surface elevations of Hagg Lake
(approximately 40-feet), trap and haul becomes a logical choice for this situation. Water to water
transfer of adults from the ladder to the truck is generally preferred by the agencies for a trap and
haul system. The idea behind the water to water transfer is to minimize the handling and stress on
adults. An added advantage of trapping at Scoggins Dam is the short haul and the flexibility of
using different release sites.

5.2 EXISTING UPSTREAM PASSAGE TECHNOLOGY

Upstream passage technology is extremely dependent on site specific conditions, target species, and flow
characteristics. There are several different types of ladder configurations, generally involving pool size
and step characteristics. The common types can be categorized as pool and weirs, vertical slot, and denil.
Several specific variations fall under each of these general categories. Considerations of the specific type
of ladder to be used would be more appropriate at the next phase of the design process. Costs of ladders
are also site specific, and dependant on the height of the passage and the level of design complexity.

The general principles of ladders described in the previous section apply to trap and haul as well, and are
specific to site characteristics. Depending on the complexity of the operation and goals desired,
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construction costs of trap and haul facilities vary accordingly. Operation and maintenance consideration
will be an important component in design of the upstream passage facility.

5.3 CONCEPTS

Two concepts are described in the following section. Upstream passage concepts include trap and haul
(Concept #4), and volitional passage (Concept #5). Options for the trap and haul use a truck for hauling
fish around the dam. The second concept is a fish ladder to the crest of the dam with a slide back to the
lake. The planning-level capital costs presented here are based on comparisons to existing facilities.

5.3.1 Concept #4 - Trap and Haul

This approach would consist of reinstalling and updating the original trap and haul facilities. The only
added modification would be to install a barrier across the Scoggins Creek flow release outlet to direct fish
more efficiently to the trap and haul ladder entrance. The major benefit of this concept is that it is a
relatively simple solution to upstream passage that provides good operational flexibility. The trap and haul
method requires personnel to operate the trap and drive the transport truck. This concept works under all
future dam scenarios.

Photographs of the existing trap and haul facilities are included in the Appendix. The original plan and
section drawings of this facility are also included.

Upstream Passage Concept #4 estimated Range of Cost: $1M - $2M

5.3.2 Concept #5 - Fish Ladder with Slide

This concept consists of a ladder that runs from Scoggins Creek on the downstream side of the dam to the
top of the dam, combined with a slide that continues from the top of the dam down into Hagg Lake (see
Sheet 3). In this concept a new ladder would continue from the last pool of the existing ladder, across the
spillway to the north abutment of the dam. The alignment would switch back to a high point a few feet
higher than the maximum lake water surface elevation to the last pool. A false weir would be constructed
in that pool to attract fish from the slide into the lake. Flow (approximately 10 cfs - 30 cfs) would be
pumped from the reservoir to a flow distribution structure at the top of the ladder. The distribution
structure would pass flow to the ladder, false weir, and slide. Fish would jump at the flow from the false
weir and pass into a slide, which would slope to the lake. The slide would probably be a closed conduit
extending from the ladder to the high water elevation, then open channel from the high water surface to the
low water surface elevation. The open top flume would allow fish exit at any water surface elevation
below the maximum. Water for the slide would be supplied to the high point in the ladder with multiple
pumps or a single variable speed pump to over come the fluctuating water surface elevation in the lake.
This option would be straightforward to operate, but would have power and maintenance costs associated
with the pumped water supply system.

Design of the facility under the dam raise scenarios would differ in the length of the ladder and slide, and
the size of the pumping system used to provide flow to the top of the ladder. The primary difference in
cost between the 20-foot and the 40-foot raise scenarios will be the additional concrete for the ladder
structure. Concrete cost will be proportional to the length of the ladder shown on sheet 3 for the existing
condition, approximately 20% higher for the 20-foot raise, and 40% higher for the 40-foot raise.
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The benefit of the ladder approach is that the operational effort is lower than for trap and haul, and there is
no handling of fish, thereby minimizing stress. The main drawback to the ladder concept at Scoggins Dam
is the height of the proposed ladder. The upper limit of height for successful fish ladders is about 80- to
90-feet. The existing dam would require a ladder outside this height range (approximately 110-feet), and
the dam raise scenarios would put the ladder height well outside the range of existing successful ladders.
There are two constructed high ladders in Oregon, the Faraday/North Fork ladder on the Clackamas River
(196-feet tall, 1.9 miles long), and the Pelton Ladder on the Deschutes River (188-feet tall, 2.8 miles long).
In both cases, the ladders are not in use and trap and haul systems have been substituted. The primary
reason for the reluctance to develop and construct high ladders is that fish have shown a tendency to hold,
or actually turn back and leave the ladder in some cases. It is difficult to test or model a prototype adult
passage behavior ladder, and the risk of failure if a ladder is built is considered unacceptable to owners and
agencies involved in similar past projects. Another drawback to this concept is that it is a pumped system,
which would require power during the entire operation.

Upstream Passage Concept #5 estimated Range of Cost: $5M - $10M

5.4 POSSIBLE UPSTREAM AND DOWNSTREAM PASSAGE SCENARIO

In the event that both upstream and downstream passage would be required at Scoggins Dam, a
combination of technologies described in this Technical Memorandum would be applied. From this
very preliminary level of analysis, it appears that a surface attraction facility could be the best option
for downstream passage, having an estimated capital cost of $2 to $5 million. Again, at a very
preliminary level, reinstatement of the existing trap and haul program could be the best option for
upstream passage, with an estimated capital cost of $1 to $2 million. Total capital costs to achieve
full passage could therefore range between $3 and $7 million, based on a general understanding of the
facilities and issues. More detailed engineering study would be required in order to provide a reliable
cost estimate. It should be noted that both of the upstream and downstream passage methods have
significant operating and maintenance costs which are not reflected in this cost estimate.
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Appendix A

Drawings
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