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l. EXECUTIVE SUMMARY

The objective of this project was to add generating capacity on an in-stream flow release at
Tacoma Power’'s Cushman hydroelectric project, Cushman No. 2 Dam, FERC Project P-460.
The flow that is being used to generate additional electricity was being discharged from a valve
at the base of the dam without recovery of the energy. A second objective to the project was to
incorporate upstream fish passage by use of a fish collection structure attached to the draft
tubes of the hydroelectric units. This will enable reintroduction of native anadromous fish above
the dams which have blocked fish passage since the late 1920's. The project was funded in
part by the American Recovery and Reinvestment Act through the Department of Energy, Office
of Energy, Efficiency and Renewable Energy, Wind and Water Power Program.

The Cushman No. 2 power plant, located in Mason County on the Olympic Peninsula, receives
water from the Cushman No. 2 dam and discharges directly into Hood Canal. The new North
Fork Powerhouse discharges into the previously bypassed North Fork Skokomish channel at
river mile 17.3. The new powerhouse will generate an estimated 21,950 MWh adding to the
current generation of 173,000 MWh annually. This is a 13% increase in generation for the
Cushman No. 2 Project. The flows used in the powerhouse are the minimum instream flows
shaped by a Fisheries and Habitat Committee out of an allocation of 160,000 acre-ft per year.
That flow varies from an allowable low of 100 cfs to a high of 300 cfs. Two turbines were used
in the plant and each has a maximum measured capacity of 153 cfs. In the current plan, July
and August have flows of 120 cfs and thus only one unit is operated

The project produced 267 Full Time Equivalent quarterly jobs during the course of design and
construction. Significant other jobs were produced when considering the manufacture of the
generator and switchgear in Ohio, the turbine, penstocks and control panels in Washington State,
the transformers, breakers, turbine shutoff valves, hydraulic power units and all the other
equipment built within the United States. Local economies were also stimulated by purchase of
local goods such as concrete, rock products, lumber, steel, plumbing goods, hardware and paint.

The project also involved many challenges in a small space. Difficulties were encountered
when unstable rock formations were uncovered in the course of scaling the abutment above the
powerhouse. This coupled with discovery of significant voids in the rubble material under the
powerhouse lead to slow progress in the early days partly due to safety concerns requiring
stabilization of the canyon wall prior to work below. Dewatering was deemed not feasible for the
project and thus much work was needed in water. Drilling, blasting and excavation were all
done in the water while pumping contaminated water to a sediment pond. The project also had
a unique design feature of constructing a significant structure above water and then lowering it
to grade and placing draft tubes underwater with concrete encasement following. The
powerhouse is also a wonder of space constraints fitting tightly between an existing valve house
and the canyon wall.

Also in the scope of the project was 3600 feet of underground 13.8 kV generator bus line to a new
step up substation on the existing 115 kV transmission line between Cushman No. 1 and No. 2.
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Fish facilities involve a tram to transport fish from the collection structure at the powerhouse to
near the top of the dam, a fish jib crane to take hoppers from the tram and place them into a
sorting and handling facility for both adult and juvenile fish.

The construction was plagued with delays mostly relating to the foundation issues, in addition,
the contractor further understaffed the construction and was unable to meet schedules after
foundation issues were resolved. The project has been in commercial operation since February
2013 with a number of minor issues that are still being resolved.

The project was shown to be marginal without the ARRA grant when compared with Tacoma’s
BPA contract. The ARRA grant brought the project to a net positive benefit allowing an easy
decision to proceed. Many engineering economists use a capital cost per annual generation
and so we present here a final cost for the power plant portion of the project of $830/MWh
without the ARRA grant and $630/MWh with the grant.

While the project is an overall success, a couple lessons can be learned from the design of the
project and most specifically to the fish attraction design. The design uses discharge from the
turbines to drive an upwelling pool for fish holding and a slot entrance for their attraction.
Excess flow passes under the pool upwell grate and directly downstream to a tailrace diffuser
(upwell). The split of that flow is created by restricting the amount of water going to the tailrace
diffuser via gates. A physical hydraulic model was used to check the performance of the system
in the design phase. While the model demonstrated that the flow splits could be achieved it did
not accurately demonstrate the turbulence of flow that would occur under the pool upwell grate.
This has resulted in a very difficult flow to achieve the desired uniform upwelling. Others
considering this arrangement may desire to use a more elaborate porosity control under the
pool upwell, such as baffle blocks to reduce surging, or more baffling in the draft tube exit, to
straighten flows. It remains to be seen if more modifications need to be made to this system
which may depend on studies of fish reaction.

A second area of consideration for future designs would be consideration of air introduction to
the turbine stream. Air introduction is a very common design to smooth cavitation rough zones.
It is usually a passive system that simply allows air into a negative pressure zone when present
due to operating conditions. It is why many tailrace discharges are very effervescent. The
specifications stated the air introduction system should be provided but that we preferred not
use such design for fish reasons. Early examination of unit performance led to the installation of
the air introduction system. The system works, but it causes serious bubbles in the fish
collection pool. Measurements taken, show that these bubbles do not result in any appreciable
increase in the Total Dissolved Gas value. However, those bubbles may cause fish rejection of
the pool. There are ways to operate the two units unequally and avoid the most significant
rough zones and have a pool without air bubbles, but it may lead to higher cavitation wear on
the units. This is being reviewed by Tacoma and its turbine supplier.
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. INTRODUCTION

The City of Tacoma, Department of Public Utilities, Light Division (dba Tacoma Power) is one of
three divisions of Tacoma Public Utilities. We are a municipally owned electric utility that has
been serving customers in the Puget Sound region of Washington State since 1893. Our service
territory covers 180 square miles, including the cities of Tacoma, Fircrest, and University Place;
portions of the cities of Fife, Lakewood, Federal Way, and Steilacoom; and the Fort Lewis and
McChord military bases.

Tacoma Power has seen steady customer growth and now serves approximately 168,000
residential, commercial and industrial customers in urban and rural areas. At this time the
electrical demand on our system peaks around 1000 megawatts (MW).

Tacoma Power’s primary energy source is clean, renewable hydropower. We own and operate
seven hydroelectric dams and powerhouses with a total of 748 MW of installed capacity.

The North Fork Skokomish Powerhouse project adds 3.6 MW of generating capacity at an
existing dam, Cushman No. 2, part of the Cushman Hydroelectric Project (FERC P-460) owned
by Tacoma Power.

Two significant components make up this project with separate, but dependent mutually
beneficial objectives:

. A new powerhouse was installed to generate additional clean, renewable energy using
currently diverted, but previously unutilized water flow.

° An innovative fish collection and passage system was installed to provide fish passage
opportunities that support the reintroduction of Washington's endangered Steelhead and
Salmon populations upstream of the Cushman Hydroelectric Project.

The new powerhouse utilizes flow that was being discharged from a valve at the base of the
dam without recovery of the energy. The new powerhouse provides a clean, renewable source
of energy without incurring additional environmental impacts. The electricity generated each
year from the new powerhouse (approximately 23,500 megawatt hours [MWH]) qualifies as
renewable energy under Washington State’s ambitious Renewable Portfolio Standard (Revised
Code of Washington [RCW] 19.285).

The new powerhouse also contains a novel fish collection and passage system. Fish passage on
the North Fork Skokomish River has been blocked since the two Cushman dams were first
constructed in the late 1920’s. The addition of the powerhouse enabled installation of a unique
fish collection and passage system. This system will allow adult fish swimming upstream to the
base of the dam to be trapped using a safe, passive-capture system and transported to the top of
the dam, where they will be sorted, then hauled around the dams and released to the upper river.

Although fish passage over Cushman No 2 Dam was required as part of the newly-amended
operating license from the Federal Energy Regulatory Commission (FERC), the decision to
construct the powerhouse was based on numerous financial and operational factors.
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The monetary support provided by this grant provided the final incentive necessary to tilt the
decision to move forward with this project expeditiously.

Without one-time funding from the Recovery Act, the synergies created by the combined
installation of the powerhouse and fish passage improvements, which include increased power
generation, restored access to historical fish habitat, and the opportunity to create localized
economic stimulus, may not have been realized. The near-term economic stimulus generated
by heavy construction activity and the long-term economic development plus build-out potential
provided by the additional power generation were therefore realized. The project also adds
permanent jobs at the plant for the term of the license.
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[I. BACKGROUND

Cushman Hydroelectric Project

The Cushman Hydroelectric Project consists of two dams, two reservoirs, associated power
tunnels, penstocks, powerhouses, and a 26.8-mile-long primary transmission system, The
Project is located on the North Fork of the Skokomish River, on the Olympic Peninsula in the
Puget Sound region of Washington State. (see Figure 1). The energy generated by the Project
is transmitted across the Tacoma Narrows waterway to the City of Tacoma.

The Cushman No. 1 development, completed in 1926, includes of a 260-foot-high concrete arch
dam that impounds Lake Cushman, a 9.6-mile-long storage reservoir with a 4,058-acre surface
area. A powerhouse located approximately 600 feet downstream from the dam contains two
single runner, vertical shaft Francis turbines with a hydraulic capacity of 2,800 cubic feet per
second (cfs) and a total installed generating capacity of approximately 50 MW, generating enough
energy enough to serve approximately 9,000 homes. A switchyard abuts the powerhouse and
two 115-kilovolt (kV) primary transmission lines extend approximately five miles to the Cushman
No. 2 switchyard.

The Cushman No. 2 development consists of a 230-foot-high concrete arch dam approximately
two miles downstream of Dam No. 1, which impounds 150-acre Lake Kokanee. Appurtenances
associated with the Cushman No. 2 development include a gated spillway structure abutting the
dam; a power intake; a 2.5- mile-long, 17-foot-diameter pressure tunnel; a steel surge tank; and
three 12-foot-diameter, 1,350-foot-long steel penstocks. Powerhouse No. 2, located on
Highway 101, adjacent to Hood Canal, contains three turbine-generator units for a maximum
hydraulic capacity of approximately 3,000 cfs and a total installed capacity of 81 MW,
generating enough energy to serve approximately 12,500 homes . From a switchyard adjacent
to Powerhouse No. 2, two 115-kv transmission lines transmit power to the City of Tacoma.

FERC License and Settlement Agreement

The original 50-year FERC license for the Cushman developments expired in 1974. The license
was among the first in the U.S. to expire, and the FERC's relicensing process was still in its
infancy. After 24 years of annually-issued permits, numerous studies and much contention, a
license for continued dam operation was finally issued in 1998. This license was appealed by
the City of Tacoma, the Skokomish Tribe and many other parties on several different grounds.

During the appeal process, several fish populations in Washington State became listed species
under the Endangered Species Act (ESA). As a result, the Federal District Court requested that
federal natural resource agencies reevaluate the license to account for potential impacts to the
ESA listed fish populations. During this time, actions on the 1998 license were deferred pending
the outcome of all the appeals.
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In 2003, FERC issued its “Final” license incorporating the measures recommended by the
federal agencies, which the City of Tacoma, the Skokomish Tribe and many others again
challenged in Federal District Court. In 2006 the Washington D.C. Court of Appeals issued a
ruling requiring Tacoma Power to install a new discharge valve at the base of Cushman No. 2
dam and begin releasing 240 cfs into the North Fork of the Skokomish River. The valve was
installed and instream flows commenced in March 2008.

During this time, the Skokomish Tribe filed suit against the City of Tacoma and the Federal
Government, requesting $5.8 billion in compensation for damages allegedly resulting from the
Cushman project. The 9th Circuit Court of Appeals decided in favor of the City of Tacoma and
the United States Supreme Court refused to hear the case. The Skokomish Tribe, however,
again brought a claim before Federal District Court, this time based on common law claims.
That claim was denied and again appealed to the 9th Circuit Court. Finally, the Tribe and the
City of Tacoma were offered mediation by the 9th Circuit. The two parties embarked on a two-
year journey toward settlement and reconciliation beginning in January 2007.

After two years of mediation and negotiations, in January, 2009 the City of Tacoma, the
Skokomish Tribe, State and Federal agencies entered into a landmark comprehensive Settlement
Agreement. The agreement provides Tacoma with a renewed FERC license for the Cushman
Project and brought closure to the Tribe’'s $5.8 billion dollar claim.

Among other things, the settlement provides for a new, more fish friendly instream flow regime,
upstream and downstream fish passage, hatchery construction, wildlife mitigation, and
recreation improvements. The settlement also includes an application for a non-capacity
amendment for installing the new North Fork powerhouse at the base of Cushman No. 2 Dam.

The Cushman license was amended by the FERC, based on the Settlement Agreement, on July 15,
2010 (50 year licence from 1998, valid until 2048).
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V. RESULTS AND DISCUSSION

Project Description - North Fork Powerhouse and Substation

This project constructed a new powerhouse at the base of Cushman No. 2 Dam to utilize water
released into the North Fork Skokomish River. The powerhouse is a two-story concrete
structure approximately 46 feet by 20 feet (Figure 2). The new powerhouse penstock taps an
existing 78-inch penstock between the butterfly guard valve and the butterfly discharge valve.
The new 42-inch powerhouse penstocks each have butterfly shutoff valves.

The powerhouse contains two Francis turbine/generator units, each with 1.8 MW capacity. These
units are projected to produce approximately 23,500 MWh in annual generation - enough energy
to power approximately 1,700 average homes in Tacoma Power’s service territory. The electricity
from the new powerhouse is transmitted on underground cables to a new substation on the
existing overhead transmission line, connecting the Cushman No. 1 and No. 2 powerhouses.

The substation consists of a 13.8 kV to 115 kV step up transformer, circuit breaker and small
control house. The substation is fed by a 13.8 kV underground bus line from the powerhouse.

Project Description - North Fork Skokomish Fish Passage System

Integral to this project is an innovative fish passage system. A portion of the water discharged from
the turbines is routed from the new powerhouse up through a screened floor of the concrete fish
trap. Fish are attracted into the trap through a slotted inlet (fish entrance). Once in the trap, fish will
be moved into a transport hopper and lifted to the top of the dam on a tram. There a jib crane will
lift the hopper out of the tram and into a receiving tank where a new fish handling system will be
used to separate, count and mark (as necessary) the fish. The fish will then be transported in tanks
to their final destination, upstream of the two Cushman dams or to one of two hatcheries.
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Transport
Hoobper

Fish Trap

Fish Entrance

Water discharged from the turbines is used to attract the fish
into a fish friendly entrance and trap

As juvenile fish begin their outmigration, they will be captured in Lake Cushman by a new
downstream fish collection system and transported to the top of Cushman No. 2 Dam in
transport tanks. They will then go through the fish handling system to count, mark and take
other measurements felt vital to determine fish health. Smolts will then be gently lowered on the
tram to the bottom of the dam where they will be released into the North Fork of the Skokomish
River for their journey to the Pacific Ocean.

Project Construction

The project began by erecting a tower crane, constructing a sediment pond and isolating the
powerhouse site behind a sediment containment dam. The dam was constructed by setting 1
cubic yard “Super Sacs” filled with spawning gravel. Spawning gravel is simply clean suitably
sized gravel that can be used to enhance fish spawning sites. It was used in this instance so
that the sacks would not have to be removed with the gravel and could be simply ripped open
and dumped in the river at the end of the project. A dam of these sacks was made across the
construction site and tarped to make it relatively impervious. During its construction the flow
from the river outlet valve was stopped and flow from the spillway kept the river going. The
spillway is not a suitable long term release method and is hard to keep steady so the dam was
constructed in three days.
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SRNE

Sediment containment dam installation

Once completed, the river outlet valve was reopened and flow shot over the containment dam.
Whenever turbid water was created or when concrete placements raised the pH, pumps were
turned on to send water to the settling pond and create a positive flow from the river into the
construction site.

=

Installing rock bolts on hillside
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The next phase of construction was the excavation. First, rock was trimmed from the hillside by
scaling loose rock and blasting certain areas to conform to the tramway design. At that point
the hillside was drilled along the line of the powerhouse and fish pool to blast all the rock
needing removal down to the tailwater level. An excavator at the base of the dam pulled all the
loose rock into the water so as to build a level platform covering the entire fish pool and
powerhouse site. At this stage it was discovered that there were certain portions of the hillside
with unfavorable rock jointing including open “relieved” joints that could lead to failures. In fact
one large joint adjacent to the future fish pool was certain to fail when excavation and blasting
for the pool would undermine and expose the joint on the bottom side. A small rock bolting plan
provided for in the contract was therefore expanded into a large rock bolting plan.

Once the bolting plan was completed the excavation below water level could commence.

Drilling through the rubble mat proceeded to discover the extent of bedrock requiring blasting.
Approximately one third of the footprint of the powerhouse and fish pool would be on bedrock.
The remainder of the powerhouse sits on loose rubble extending to 60 feet deep near the center
of the river. With the excavation completed, construction of the fish collection pool could begin.

A

Final excavation working toward far side of river

Tacoma had designed the fish pool to be constructed on a platform above tailwater and then
lowered into the water to correct grade and grout pumped under the floor. The contractor agreed
with the method and constructed a frame with attached formed footings that were lowered into the
tailrace. The footings were then cast with concrete and a deck constructed thereon.
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Deck for construction of fish collection structure

The fish collection structure was constructed upon the deck and when complete a second level
of frame was erected over the structure.

Fish collection structure constructed on platform
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Large hollow jacks were placed over Dwidag bars extending upward from the four corners of the
pool. The jacks picked up the structure and the platform below was removed. Gradually the
structure was lowered a few inches at a time until it was at its proper elevation. Grout was then
pumped through injection pipes to the underside of the structure while divers watched to ensure
the entire underside was completely filled.

The next step was to insert the draft tubes into their receiving frames in the fish pool underside
and affix their upper end to the proper location and elevation just above the water line.

Lowering draft tubes into water to connect to fish collection structure

Corrugated metal pipe was also installed at each micropile location extending from the bottom

of the excavation to above tailwater. This facilitated drilling and assured not drilling off course

into a draft tube. At this point a 600 cubic yard underwater mass pour of concrete encased the
draft tubes and formed the working slab for the powerhouse.

Micropile installation proceeded next. The plan was to drill through the rubble and into bedrock,
insert a Dwidag bar, and grout it in place. Unfortunately the rubble was so loose that cuttings and
material were being ejected from the ground laterally from the mass concrete and creating an
unacceptable situation. It was decided that each hole would have to be predrilled with a smaller
drill head using low pressure water to advance the hole, and then grout the area to firm it up so
the larger drill could drill through a more solid material with cuttings coming up the hollow shaft.
This plan worked, but effectively delayed construction by two months and cost $264,000.
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While the powerhouse construction continued, the substation construction started. The
substation is located on the transmission line connecting the Cushman No. 1 and Cushman
No.2 switchyards. The route from the powerhouse to the dam is along residential roads with
exiting underground power.

About 15 years ago while the City was in the midst of controversy over the Cushman Project, an
underground project by local utilities were installing new buried power lines and phone lines along
the road leading from the transmission line to the dam. Tacoma was unsure of the future but put in
two four inch conduits to be used for communications and a possible small power plant. While the
new plant is roughly four times larger capacity than was believed would be required, it was possible
to fit underground cables at generator bus voltages into the conduit. Thus an underground
generator bus feeds power electricity from the dam to the transmission line.

Substation ground work

At the substation, engineers measured the ground potential and found that the very sandy
gravel soil would provide inadequate grounding for worker safety. A redesign of the grounding
system required four times the number of ground rods and ground grid and the employment of a
special perimeter grounding system using a special fluidized mixture called Ground Enhancing
Material, GEM. This in addition to drilling each ground rod and installing bentonite chips in the
holes added a significant cost to the substation construction.
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Preparation of powerhouse floor slab

Powerhouse construction proceeded with the normal issues of accounting for all embedded items
or block outs. To the extent possible all wiring, piping and mechanical were planned to be surface
mounted rather than embedded in floors or walls which greatly reduced the time required. There
were no major issues; however, the limited space and work on the hillside above for the tramway
all tended to cause things to take longer than the contractor scheduled. Thus while it was
planned to make up lost time, more time was lost.
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Powerhouse walls rising

As time was becoming an issue a plan was devised to lower the penstocks and turbines into the
lower turbine/generator floor before forming was erected on the control floor for the roof. This
allowed work to proceed on both levels at the same time and allowed the generators to be
installed shortly after the roof was complete.

Lowering penstocks into turbine/generator floor

DOE Final Technical Report DE-EE0002669
North Fork Skokomish Powerhouse Page 15



Setting penstocks and turbines

Lowering generators through roof and control floor

DOE Final Technical Report DE-EE0002669
North Fork Skokomish Powerhouse Page 16



Forming tram hoist platform on canyon wall

Turbine/generator interconnect was a term for all the electrical, hydraulic and plumbing
connections between all the owner supplied equipment. All turbines, generators, breakers and
all their accessory equipment and electrical control panels fell into this category.

The sizes of all the pieces were known at the time of bid, but not the number of electrical cables
or hydraulic lines or plumbing running between them. So at the time of bid an account was
established to hold money in reserve to pay for interconnect. It was similar to home
construction where a lighting budget is often set and the new homeowner goes to the store and
picks out fixtures while trying to stay in budget. Both the estimated cost and complexity were
underestimated. This required additional funds and the complexity led the field staff to decide
they needed to create detailed plans allocating routing and air space for electrical conduits,
hydraulic lines and cooling water lines. This is a necessary exercise for every hydroelectric
plant and should not be left to the contractor.

We should point out that at this stage the contractor was so far behind that liquidated damage
discussions were on the table. Thus, a settlement was agreed upon that settled all the past
delay claims of extra rock bolting and micropile issues together with the slow pace of
powerhouse construction and cost of interconnect. It basically assured the powerhouse would
either begin startup testing on January 1, 2013 or the contractor would pay liquidated damages.
The contractor was free to concentrate all activities on just those things necessary for start up to
commence, and take any amount of additional time to finish non essential tasks later. When
startup did begin on January 8, 2013, lighting wasn’t complete, the bathroom wasn't even
framed in, the fish facility equipment was not commissioned and some items not even installed.
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Substantial completion was agreed to occur on July 1, 2013 with all the equipment installed but not
yet accepted. A fair list of issues drug into August, almost all of which included fish equipment.
Much of this equipment was bidder-designed. As of September 1, 2013 all costs were known, but a
few issues remain before the final payment will be made.

Turbine/Generator startup proceeded with few issues. Much of the time spent was in adjusting
the control system and ensuring proper start sequences and flow control between the turbines
and discharge valves. Commissioning was considered substantially complete and the plant was
considered in commercial operation on February 8, 2013, thirty one days after start of
commissioning. Final efficiency curves from Andritz Hydro are presented in Appendix A.

Davis Bacon Act

Under the City's Finance Department, certified payrolls were reviewed and wage interviews
were conducted. One violation of wages was found concerning a fencing subcontractor who
went out of business. The general contractor rectified the problem by paying the wages due to
the employees.

Economics

Before we begin a discussion of project economics we must point out an important accounting fact.
Two sets of books were maintained for the project; those costs which were eligible under our ARRA
grant, and those costs captured in the City’s project accounting system. The largest share of the
differences is in City labor. When the grant was applied for the City chose not to attempt to justify
its Administrative and General (A&G) charges. This changed during the early course of the project
from a 9% charge placed on all costs to a 44% charge placed only on City labor. These charges
are supposed to represent the administrative and general costs of City employees working on
capital projects. The application of these costs was a requirement of the State Auditor’s office but
the Finance Department chose not to prove these costs to the Federal Government and include
them in the grant application funding.

Another Finance Department adjustment is what they call a “labor extrapolation.” The City’s
financial system applies group rates for employee classifications and not the true cost of the
actual person. It also has certain “benefit” costs that are not eligible under most Federal audits.
Therefore they run a “labor extrapolation” for each person, for each reporting period, to adjust the
labor charges shown in the accounting system to the eligible labor that may be claimed.

Several other items make up minor portions of the lower claimed costs. These are warehouse
charges for receiving materials, equipment charges for vehicles, and meals not allowed under
the grant stipulations. Thus the City’s economic analysis is based on costs generated by the
City’s accounting system and not the lower costs of the items claimed under the grant. The
grant application contained a cost of $23,356,520 with a 20% share for the DOE. The final SF
425 form shows the eligible costs at $26,753,930.48 and thus the DOE paid 17.5% of the final
costs.

A copy of the final SF 425 and final quarterly report tables is included in Appendix B.
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The final costs shown in the City’s financial system for the total project are $28,813,903, which
are composed of $4,671,304 of ARRA grant funds and $24,142,599 of City funds. This includes
all ineligible costs incurred during the project and costs moved into the project from a previous
project that were for preliminary engineering and work before the grant was approved. In the
City’s perception this is the true cost of the project.

The project is a combination of required fish passage features under the FERC project license
and the option to construct a powerhouse. The cost of the whole project is not equal to the sum
of individual project costs as the two join together to commonly use the water and shared
benefits of joint construction. An example would be the silt containment dam and stabilization of
the hillside above. Both projects would have needed those features alone and so the costs
benefited both. Shared costs were split into accounts that represented fish or powerhouse
costs as was deemed appropriate. The final cost split is $19,458,085 for the powerhouse and
$9,103,616 for fish facilities.

Prior to the decision to accept the grant and proceed with the project a spreadsheet was
developed to analyze the costs and benefits. It contained many variables and allowed choices
such as: Did or did not the project receive the ARRA funding? Will we receive an
“Apprenticeship Renewable Energy Credit (REC)” bonus created under state law for utilization
of 15% minimum apprentice craft labor? What is the value of a REC? What will the cost of the
powerhouse project really be? What are the costs of the shared benefits? In addition this
analysis compares the cost of the project to Tacoma’s BPA contract and not to other new
generating resources or eligible renewable energy sources. In Appendix C we have included
three print-outs covering different business cases.

The first is an assumption of no ARRA funding or Apprenticeship REC’s. It uses the Higher cost
scenario which is +12.5% above the final engineering estimate. The analysis shows a cost
benefit ratio of 0.94 and a levelized benefit of -$2.67/MWh. So with these assumptions the
project is shown to be uneconomic relative to purchasing power from BPA.

The second analysis assumes ARRA funding is received and assigns the entire benefit of
ARRA funding to the powerhouse portion of the project. It continues to use the Higher cost
scenario. The project is now shown to have a cost benefit ratio of 1.16 and a levelized benefit
of $5.86/MWh. The project is considered economic in this scenario.

The third analysis closely reflects the true outcome of the project where nearly every variable
went in favor of Tacoma. It uses the High cost scenario of $19,219,775 for the powerhouse
whereas the final true cost is $19,458,085. It also uses the Apprenticeship REC’s which will be
realized and uses the ARRA funding that was received. Annual generation is reduced by 5%
due to the fact that required discharge is per the USGS gage and there is apparently some
additional flow between the plant and the USGS gage. It also uses the Clean Renewable
Energy Bond interest rates that were awarded the project. The project now shows a cost
benefit ratio of 1.65, a payback period of 8 years and a levelized benefit of $19.81/MWh.

In conclusion, the project is a very cost effective and environmentally beneficial project that was
made possible by the ARRA grant. The author cannot conclude whether the project would have
proceeded without the grant.
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V. ACCOMPLISHMENTS

Control systems

This project utilizes a new integrated control system that will serve as a model for upgraded
control systems at other Tacoma projects. The plant control system integrates turbine,
generator, river outlet valve and fish facility control all on one platform. The uniqueness is that
other Tacoma plant control systems are composed of several operating systems. In those, the
plant control will tell a separately housed governor to start a unit. That program will often be a
proprietary program of the governor manufacturer. Or there may be a spillway controller that in
the event the turbines shut down the plant control system tells it that spillway flow is needed. In
the system for the North Fork all these are housed directly in the plant control system.

The system also contains a high degree of sophistication. It will automatically decide when to
start or stop units based on the flow setpoint entered. When a new setpoint is entered, it will
decide how rapidly it can increase or decrease flow based on ramping criteria specified in the
license, or even if it must wait until after dark as is required a certain times of the year. It will
also operate each unit so as to keep it out of a rough operating zone. So it may put one unit
above the rough zone and one unit below the rough zone when an equal setting would have
resulted in both units operating in that area.

The control system also operates the river outlet valve such that if the plant shuts down it
automatically opens the valve to the same flow that the plant was operating at. Once the plant
is available to restart, reissuing the flow setpoint will trigger the plant control system to restart
one unit at a time and reduce flow from the river outlet valve coinciding with the increased flow
from the turbines. If a flow setpoint greater than the plant capacity is entered it will take the
turbines to maximum flow and then add flow through the river outlet valve.

Another feature of the control system is operation of the fish attraction flow upwelling in the fish
collection pool. Setting the fish collection pool at nine inches of head differential relative to the
tailrace, in the plant control system, will result in the gradual operation of the diffuser gates closing
down flow to the tailrace until the head differential is obtained. At this head differential the designed
80 cfs of attraction flow is rising through the fish collection pool grating and spilling out the slot
entrance to attract fish. Changes in plant flow settings will not change the amount of water in the
attraction flow as the diffuser gates will open or close as required to maintain the 9- inch head
differential. This maintains the correct collection pool upwelling while varying the amount of water
going to the tailrace diffuser downstream of the fish collection pool.

Fish Collection

This project utilizes an innovative method of creating a fish attraction flow directly from the
turbines. The configuration was tested with a 1/5th scale model at Northwest Hydraulic
Consultants office. A conference paper is included in Appendix D. The modeling demonstrated
that the configuration could achieve the desired flows and resulted in a satisfactory tailrace
diffuser strategy. What the modeling did not accurately simulate was the turbine flow.
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Turbine flow produces changing eddies that result in non-uniform upwelling in the fish collection
pool. This may have no impact on fish or fish collection and will need to be studied to see if
further refinements are needed to baffle the upwelling flow.

Design

The project was designed almost exclusively by City staff. It was a very difficult site with many
limiting features. This required the design to take into account how the project could be
constructed. It meant coordinating the design with the construction process. The fish collection
pool was designed to be lifted from its four corners. In reality during the jacking process it was
in fact supported almost wholly on just two corners and no distress or cracking was observed.
The micropile foundation for the powerhouse was also designed recognizing that the draft tubes
would be inserted into the fish collection pool and mass concrete placed around them prior to
piling installation. Thus pilings are located around the periphery of the draft tubes with one
piling installed between the bifurcated draft tubes just before it enters the fish pool.

Another unique feature is the penstock configuration. The challenge was to utilize the existing
dam’s low level outlets as the supply penstock while not impacting their flow capacity for
handling floods. The final design replaced an eight foot long pipe between two butterfly valves
with a 78” by 66” tee section pointing down. The penstock then bifurcates in a wye to two 42"
penstocks, which then turn 90 degrees to run horizontal and penetrate the powerhouse wall.
The 1930 butterfly valve was also outfitted with a hood extension to control discharge into a
more horizontal flow downstream. This makes the flow pass over the fish collection pool and
not shoot into it. This was also hydraulically modeled and measured with the beneficial side
effect of actually increasing the valve capacity for passing floods.

Every part of the design was laid out in inches of room to spare where a normal powerhouse
has feet of clearance.

Completed powerhouse in operation
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View of completed substation
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Economics

The project not only received the ARRA grant and was financed with Clean Renewable Energy
Bonds, but also completed construction with 19% apprentice labor thus meeting the 15%
minimum apprentice labor required for a bonus Renewable Energy Credits under Washington’s
Renewable Energy Standard, Initiative 937. Thanks to the hard work of the team nearly every
possible scenario that was possible for this project worked to its ultimate economic benefit.

We also note that the North Fork Skokomish Project is one of two finalists in the 2013 Best
Hydro/Marine Project category sponsored by Power Engineering and Renewable Energy World
magazines.

Energy Production

The Cushman Powerhouse No. 2 produces approximately 173,000 MWH annually. The new
powerhouse is now expected to produce approximately 21,950 MWH annually, increasing the
annual output by approximately 13 percent based on actual MW produced at different flow rates
measured the USGS gage. This is about a 5% reduction of the grant estimate caused solely by
the fact that minimum flow is dictated by the USGS gage downstream. USGS reports that flows
are approximately 5% higher than the North Fork discharges. This could be due to unobserved
underground flows entering the river between the plant and the gage. No surface streams enter
in the reach and the distance is only 900 feet. For every one MWh saved at the North Fork
Powerhouse three MWh of energy are produced at the Cushman No. 2 powerhouse. So
discharging the agreed minimum flow as measured at the gage will remain the plan.

The FERC license runs through 2048 and the powerhouse began generating energy in Feb
2013. Based on these known figures, thirty-five years of operation will generate approximately
768,000 MWH. In all likelihood, the infrastructure installed as part of this project will remain in
use well beyond the end of this licensing window.

Job Creation

The project resulted in approximately 71,278 hours of labor from the contractor, approximately
59,491 hours of labor from the City, and approximately 7984 hours of labor from consultants, not
counting all the labor hours for material and equipment suppliers such as the factory jobs building
the turbines and generators and local suppliers such as the concrete batch plant. FTE’s were
reported every quarter based on the hours per quarter. Thus FTE hours were divided by 520 to
represent full time for one quarter. Leaving this in the same context of full time for a quarter of a
year the project created 267 FTE's over the life of the project. The portion credited to the
Department of Energy was a ratio of the percentage of the project the DOE paid for in that quarter.
The sum of the project credited to DOE in quarterly reports was 57 FTE's.

Papers

While the project has been mentioned in a number of conference papers, three presentations
were exclusively about the project.
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Lisa Larson presented the Cushman No. 2 Fish Collection Facility Physical Model Study at
HydroVision 2011 (Appendix D also including conference paper). The discussion focused on
the hydraulic modeling performed by the Northwest Hydraulic Consultants laboratory. Also
included is the conference paper.

Steven Fischer presented the North Fork Skokomish Powerhouse and Fish Facilities at the
2013 Northwest Hydro Operators Forum (Appendix E). The focus was lessons learned from
design and operations.

Ozan Ferrin presented the Computer Based Flow Control Automation at the 2013 Northwest
Hydro Operators Forum (Appendix F). The focus was design of an advanced control system.
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VI.  CONCLUSIONS

The project is an economic success as it came in just over the estimated budget but well under
the plus 25% contingency number that had been used in one of the economic analyses that
were run. By combining the fish collection system with the powerhouse the synergies of both
constructions resulted in overall lower costs for each feature. Operation costs for fish collection
will also be lower at the dam than at a separate downstream fish collector.

The project is operating well and has a high degree of sophistication that should limit the need
for hands-on hydro operation. With this sophistication comes the demand for higher skilled
labor forces and higher paying permanent jobs. Anticipated are the creation of two additional
journey level jobs and the equivalent of one additional fisheries job as permanent additions to
staffing the Cushman Hydroelectric Project.

The project enjoyed a successful dedication ceremony on August 7, 2013 with attendance by Public
Utility Board members, the Skokomish Tribe, local legislators, members of the Fisheries and Habitat
Committee, Department of Energy and City staff. Gary Nowakowski from the Department of Energy
was thanked for the work of the DOE and said a few words about the success of the project.

We also note that the North Fork Skokomish Project is one of two finalists in the 2013 Best
Hydro/Marine Project category sponsored by Power Engineering and Renewable Energy World
magazines.
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APPENDIX A

ANDRITZ HYDRO FINAL EFFICIENCY CURVES
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APPENDIX B

SF 425, SF 428, PATENT CERTIFICATION and FINAL REPORT TABLES PRINTOUTS

DOE Final Technical Report DE-EE0002669
North Fork Skokomish Powerhouse Appendix B



FEDERAL FINANCIAL REPORT

(Follow form instructions)

1. Federal Agency and Organizational Element

2. Federal Grant or Other Identifying Number Assigned by Federal Agency Page of
to Which Report is Submitted (To report multiple grants, use FFR Attachment) 1 1
U. s. Department of Energy DE-E0002669 pages

3. Recipient Organization (Name and complete address including Zip code)
City of Tacoma, Department of Publice Utiities, Attn: Steve Fischer, 3628 So. 35th Street, Tacoma, WA 98409-3192

4a. DUNS Number 4b. EIN 5. Recipient Account Number or |dentifying Number 6. Report Type 7. Basis of Accounting
(To report multiple grants, use FFR Attachment)
073523297 91-600-1283 200350 customer no. Final Accrual

8. Project/Grant Period

From: (Month, Day, Year) To: (Month, Day, Year)

9. Reporting Period End Date
(Month, Day, Year)

10/20/2009 6/30/2013 9/30/2013
10. Transactions I Cumulative
(Use lines a-c for single or multiple grant reporting)
Federal Cash (To report multiple grants, also use FFR Attachment):
a. Cash Receipts $4,671,303.91
b. Cash Disbursements $4,671,303.91
c. Cash on Hand (line a minus b) $0.00
(Use lines d-o for single grant reporting)
Federal Expenditures and Unobligated Balance:
d. Total Federal funds authorized $4,671,304
e. Federal share of expenditures $4,671,304
f. Federal share of unliquidated obligations $0
g. Total Federal share (sum of lines e and f) $4,671,304
h. Unobligated balance of Federal funds (line d minus g) $0
Recipient Share:
i. Total recipient share required $18,933,394
j. Recipient share of expenditures $22,082,626
k. Remaining recipient share to be provided (line i minus j) ($3,149,232)
Program Income:
|. Total Federal program income earned $0.00
m. Program income expended in accordance with the deduction alternative $0.00
n. Program income expended in accordance with the addition alternative $0.00
0. Unexpended program income (line { minus line m or line n} $0.00
a. Type b. Rate c. Period From |Period To d. Base e. Amount Charged f. Federal Share
11. Indirect 0.00 0.00
Expense 0.00 0.00
= S lae Ul g. Totals:

2. Remarks: Attach y exp/ntins deemed necessary or information required by Federal sponsoring agency in compliance with governing legislation:

13. Certification: By signing this report, | certify that it is true, complete, and accurate to the best of my knowledge. | am aware that
any false, fictitious, or fraudulent information may subjecf me to criminal, civil, or administrative penalities. (U.S. Code, Title 218, Section 1001)

a. Typed or Printed Name i ifyil il

c. Telephone (Area code, number and extension)
253-502-8336

d. Email address
PMCCARTY@ci.tacoma.wa us

X
>l g N
b. Signaturd6f Authorized Certifying Ofﬁc‘ml\
\\

s/s

e. Date Report Submitted (Month, Day, Year)

September 30, 2013

14. Agency use ofily:

é{éndard Form 425
OMB Approval Number: 0348-0061
Expiration Date: 10/31/2011

Paperwork Burden Statement

According to the Paperwork Reduction Act, as amended, no persons are required to respond to a collection of information unless it displays a valid OMB Control Number. The valid OMB control

number for this information collection is 0348-0061. Public reporting burden for this collection of information is estimated to average 1.5 hours per response, including time for reviewing instructions,
searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding the burden estimate or any other
aspect of this collection of information, including suggestions for reducing this burden, to the Office of Management and Budget. Paperwork Reduction Project ( 0348-0061), Washington, DC 20503,




TANGIBLE PERSONAL PROPERTY REPORT

SF- 428
Page of Pages
1.Federal Agency and Organization Element to 2. Federal Grant or Other Identifying 3a. DUNS 3b. EIN
Which Report is Submitted Number Assigned by Federal Agency 073523297 91-6001283
Department of Energy, Golden Field Office| DE-EE00020609

5. Recipient Account or Identifying
Number

City of Tacoma, Department of Public Utilities, Light Division

(dba Tacoma Power) Customer No. 200330
3628 S. 35th Street

Tacoma, Washington 98409-3192

4. Recipient Organization (Name and complete address including zip code)

6. Attachment (Check applicable) 7. Supplemental Sheet

__ Annual Report (SF-428-A) _ Yes

X _ Final (Award Closeout) Report (SF-428-B) X No

___ Disposition Report/Request (SF-428-C)

8. Comments
No tangible personal property was a part of this project.

9c. Telephone (area code, number, extension)
9a. Typed or Printed Name and Title of Authorized Certifying 2 53-502-8336

Official
9d. Email address

Patrick D. McCarty, Generation Manager pmccarty@ci_tacoma_wa_us

9e. Date report submitted (Month, Day, Year)

 September, 27, 2013

0. Ageney use only

SF- 428 Tangible Personal Property Report
OMB Approval Number: 3090-0289
EXPIRATION DATE: 04/30/2013



TANGIBLE PERSONAL PROPERTY REPORT
Final Report SF-428- B

Federal Grant or Other Identifying Number Assigned by Federal Agency (Block 2 on SF-428).

DE-EE0002669

1. Report (Select all that apply)
a. ___ Federally-owned Property  (List on Supplemental Sheet SF-428S or recipient equivalent and complete Section 2a below.)

b. ____ Acquired Equipment with acquisition cost of $5,000 or more for which the awarding agency has reserved the right to transfer title
(List on Supplemental Sheet SF-428S or recipient equivalent and complete Section 2b below.)

c. ___ Residual Unused Supplies with total aggregate fair market value exceeding $5,000 not needed for any other Federally sponsored
programs or projects. (Complete Section 2¢ below)

d. L None of the above

2. Complete relevant section(s) For Agency Use Only

2a. Federally-owned Property ‘ Agenc;y fésponse to requested disposition of Federally owned property: :
(Select one or more.) ‘

0] Recipient request approvedJ:I denied |:|

(iy __ Request transfer to Award |
(i) ___ Request Federal Agency disposition instructions i : _ _ 3 . D
(iliy ___ Other (Provide detail in Block 3 or attach request) (ii) Dispose in accordance with attached instructions
2b. Acquired Equipment (Select one or more.) Agency response to 'requested disposition of acquired equipment::
(i) __ Request unconditional transfer of title with no ® Recipient request appr: OVGdD denied D

further obligation to the Federal Government. - (ii) Dispose in accordance with attached instmctfonsl____l

(ii) ___ Request Federal Agency disposition instructions

Authorized Awarding Agency Official

ignature: Date:
Note: If the awarding agency does not provide disposition iopate e

instructions within 120 days the recipient may continue to
use the equipment for Federally supported projects or
dispose in accordance with the applicable property

Name: Phone:

standards. Title : Email

2c. Reportable Residual Unused Supplies

(i) __ Sale proceeds or __ Estimate of current fair market value veessssvsaensaseascarcas $

(i) Percentage of Federal participation v..csceeeseesccrenssssssssassesasssascssnnsnasnnsnnn %
(iii) Federal Share vucuusrscseseecsrussecensssnnnsssessanaanssnnsnssnsssnssasssssnssssnssns $

(iv) Selling and handling alloWanCe +u..esessasssassascrnansasensnassssnessssrcensasrsassnnns $

(v) Amount remitted to the Federal Government........ccicvecumnnssccacannnnnscnnnnnsnnas $

3. Comments
No tangible personal property was a part of this project

Agency use only
FINAL REPORT ATTACHMENT TO SF-428

OMB Approval Number: 3090-0289
Expiration Date: 4/30/2013



DOE F 2050.11 OMB Control No.

(2-87) 1910-0800
(Previous GC-792)

PATENT CERTIFICATION
City of Tacoma, Department of Public Utilities
Light Division (dba Tacoma Power) [] Interim Certification
Contractor
DE-EE0002669 X Final Certification

DOE Prime and/or Subcontract Nos.
Contractor hereby certifies that:

1. All procedures for identifying and disclosing subject inventions as required by the patent clause of
the contract have been followed throughout the reporting period.

2. There were no subcontracts or purchase orders involving research, development, and
demonstration except as follows: [State none when applicable.]

3. No inventions or discoveries were made or conceived in the course of or under this contract other
than the following
(Certification includes ] , does not include [0  all subordinates):
[State none when applicable.]

TITLE INVENTOR DATE REPORTED DOE “S” NO.*

4. The completion date of this contract is as follows:  6/30/2012

5. The following period is covered by this certification:

October 20 2009 to June 30 2013
Month Day Year Month Day Year
Contractor Slgnature .
Tacoma Power A ZS&/

/ M~
3628 S. 35" Street ye /\
Tacoma, WA 98409 < September 27,2013 \
Address Date of Certification

* Also include Subcontract No. If available
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APPENDIX D

CUSHMAN NO. 2 FISH COLLECTION FACILITY PHYSICAL MODEL STUDY
(HYDROVISION 2011)
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Session 21: Fish Passage Strategies and Improvements

Cushman Hydroelectric Project: Fish Collection Facility and New Powerhouse
Hydraulic Modeling
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Abstract:

The Cushman Hydroelectric Project, owned and operated by Tacoma Power, is located
on the North Fork of the Skokomish River in Washington State. The project consists of
two dams, Cushman Dam No.1 and No. 2. The original 50-year FERC license was
issued in 1924 and expired in 1974 after which the project operated under an annual
license until receiving a new license in 1998. The license was immediately challenged
and stayed until a Settlement Agreement (SA) was reached. The new amended license
was then received in July 2010. The SA requires upstream fish passage and instream
flow discharges at Cushman No. 2.

Cushman No. 2 consists of a 230 ft high concrete arch dam, a gated spillway, and two
low level outlets. The intake for the existing hydroelectric facility discharges flow into a
2.5 mile long tunnel to the powerhouse, which discharges into Hood Canal. To
accommodate new minimum instream flow requirements downstream of the dam,
Tacoma Power installed a new jet flow gate valve in 2008. Tacoma Power also
received a non-capacity amendment to construct a new powerhouse at the base of the
dam. The new powerhouse will dissipate energy associated with the flow releases,
provide attraction flow for the fish collection facility, and recapture some generation.

The new upstream fish collection facility (FCF) will be located directly downstream of
the new powerhouse, and a portion of the turbine flow will be utilized for the new FCF
attraction flow. The flow utilized for the FCF will pass through a diffuser system into the
fish channel and will provide the entrance attraction flow. Due to the unique design of
this system and the close proximity of the powerhouse draft tubes to the fish collection
facility, a 1:5 scale physical model study was undertaken to evaluate and refine the
design for the proposed FCF. The model was used to develop baffling to balance the
flow in through the diffuser screens, refine the fishway entrance, and evaluate the
attraction flow.




The Cushman Hydroelectric Project consists of two dams, Cushman Dam No. 1 and
No. 2, on the North Fork of the Skokomish River in Washington State. Cushman Dam
No. 1 is the upstream most dam and forms Lake Cushman; Cushman Dam No. 2 is
located downstream and forms Lake Kokanee. The original 50 year license was issued
in 1924, and the project has operated under an annual license since the expiration of
the original license. In January 2009, a settlement agreement for the projects was
signed between Tacoma Power, the Skokomish Tribe, and federal and state agencies.
This agreement requires upstream fish passage requirements at Cushman Dam No. 2
including a new adult fish trap and haul facility and instream flow requirements

Cushman Dam No. 2 consists of a 230 ft high concrete arch dam with a gated spillway
and two low level outlets. Lake Kokanee has a gross storage capacity of 8,000 acre-
feet at full pool at elevation 480 ft. The intake for the existing hydroelectric facility
discharges flow into a 2.5 mile long, 17 ft diameter tunnel that trifurcates into three 12 ft
diameter penstocks. The existing powerhouse includes three generator units with a
maximum hydraulic capacity of 3,000 cfs and a total installed capacity of 81 MW.

To accommodate new minimum instream flow requirements, Tacoma Power installed a
65-inch jet flow gate valve on one of the existing 78-inch low level outlets.
Subsequently, Tacoma Power received a non-capacity amendment to construct a
powerhouse at the base of Cushman Dam No. 2 to dissipate the energy associated with
the minimum flow release, which will enhance habitat downstream, provide attraction
flow for the adult fish passage facility, and recapture some generation lost due to the
flow releases. As a result, the powerhouse and FCF will provide multiple benefits to the
project. The project also received a $4.67 million dollar grant from the Department of
Energy for the innovative use of power and environmental benefits.

Figure 1 shows an overall layout of the dam with the new powerhouse referred to as the
North Fork Skokomish Powerhouse. The powerhouse is under construction and is
located at the base of the dam and will tap into one of the existing 78-inch low level
outlets. All water released into the North Fork Skokomish River up to the peak capacity
of approximately 294 cfs will be discharged through the new powerhouse and the
associated fish collection facility.

The proposed fish collection facility (FCF) will be constructed immediately downstream
of the new powerhouse and will provide upstream fish passage by a trap and haul
system. The overall footprint of the prototype FCF is 40 ft by 24 ft including the draft
tube tailrace diffuser screen. The FCF requires attraction flow to meet fishway entrance
requirements. This attraction flow will be provided by the draft tubes from the new North
Fork Skokomish Powerhouse. Approximately 80 cfs of the powerhouse flow will be



passed through upwell diffuser screens to be used for fish attraction flow, and the
excess flow will be discharged through a draft tube tailrace diffuser screen directly into
the downstream river channel since the excess flow is not required in the fish collection
facility. The FCF upwell diffuser and the draft tube tailrace diffuser chambers are
separated by four 78 inch wide by 36 inch tall knife gate openings. These knife gates
can be adjusted to control the flow distribution. The fish collection facility also includes
an entrance weir, V-trap/crowder, and a hopper where the fish are collected and
transported to the sorting facility above the dam. Figure 2 general model arangement.

Physical Model Description

Due to the close proximity of the powerhouse draft tubes and the FCF diffuser screens,
physical modeling was used to evaluate and modify FCF attraction flow system. The
draft tubes provide a focused jet of flow that needed to be dissipated and spread out
uniformly to prevent non-uniform velocities along the diffuser screens. The objectives of
the physical model included:

e Test FCF upwell diffuser and tailrace diffuser arrangements and make
modifications as required to meet NMFS diffuser guidelines

e Test fishway entrance and attraction flow jet and make modifications as required
to improve entrance attraction

e Test one and two turbine unit operations, as well as a maximum turbine flow

The physical hydraulic model was built at an undistorted scale of 1:5 and included the
turbine draft tubes, FCF diffuser chamber, FCF upwell diffuser screen, hopper
approach, hopper blockout, FCF entrance, knife gates, draft tube tailrace diffuser
chamber, tailrace diffuser screens and approximately 100 ft of the downstream river
channel. The model represented the full-width of the river and reproduced the
topography from El. 300 ft to EI. 315 ft. The river bathymetry was represented with a
rough concrete surface. The powerhouse draft tubes were made out of acrylic, and the
FCF was made out of acrylic and wood.

For the diffuser screens, the scale was modified to achieve an acceptable Reynolds
number through the bars. The size of the diffuser screen bars (3/8 inch wide) and
spacing (1/2 inch clear spacing) in the prototype design of the screens approaches
turbulent/laminar flow regime, R; = 1,000. A strict geometric scaling of the diffuser
screens based on the Froude number similitude would drop the Reynolds number well
into the laminar flow regime. The only way to maintain a Reynolds number near the



critical range (R; = 1,000) is to alter the fluid properties or adjust the spacing of the
diffuser screen geometry. Since altering the fluid properties is not possible, the bar
spacing geometry had to be modeled closer to the prototype scale. The diffuser bar
width and spacing was increased to a 1:3 geometric scale; however, the depth of the
bar maintained the 1:5 scale. The porosity was unaffected because the bar widths and
openings both increased proportionally. As a resuit, the headloss through the screens
and the impact the screens have on the distribution of flow within the FCF are
accurately simulated in the model.

Testing

Model testing initially focused on the FCF upwell diffuser and the tailrace diffuser
screen. After the diffuser screen tests were completed, the testing focused on the fish
entrance. The modification testing for both of these components of the FCF are
summarized below.

Diffuser Screens:

The initial design exhibited non-uniform floor screen velocities with the highest velocities
at the downstream end of the FCF upwell diffuser screen (near the draft tube knife
gates) and negative velocities (indicating re-entrainment of flow) at the upstream end of
the upwell diffuser screen. The tailrace diffuser screen also showed high velocities at
the downstream end (toe) of the screen and negative velocities at the upstream end
(top) of the screen. Figure 3 shows the velocity data collected for the preliminary design
testing. Although the flow distribution needed improvement, modifications to the diffuser
chamber to better distribute the flow were considered to be feasible.

Following the preliminary design testing, it was determined that the initial design did not
distribute the flow evenly through both the upwell diffuser and the tailrace diffuser to
meet their respective velocity guidelines; however, baffling on the floor and beneath the
screens was considered to be a viable approach to improving the flow conditions within
the footprint of the facility. A series of modifications were tested to improve the
performance including:

¢ Modification 1: Floor Baffles
e Modification 2: Diffuser Beams Version 1
¢ Modification 3: Diffuser Beams Version 2

¢ Modification 4: Diffuser beams, vertical diffuser bars, and baffle blocks.



Beneath the upwell diffuser screen, a series of lateral diffuser beams were installed.
These diffuser beams reduced the porosity at the downstream end to 25%, and the
beams transitioned to a spacing that provided 40% and then 50% open area at the
upstream end of the diffuser screen. The varied baffle spacing in the model showed
significant promise in providing more distribution of the discharge through the FCF
upwell diffuser.

The diffuser bars reduced the porosity of the knife gate openings to 40%. It was
demonstrated that installation of the diffuser bars improved the vertical distribution of
flow through the tailrace diffuser screen. The knife gates were still able to control the
attraction flow at 80 cfs for a range of turbine operating conditions between 147 cfs and
294 cfs discharge. Figure 4 shows the diffuser screen velocities measured following
Modification 4.

Fish Entrance

After optimizing the upwell and tailrace diffuser screen designs, the focus of the testing
shifted back to the FCF entrance design. Previous testing indicated that the initial
entrance design resulted in a non-uniform water surface across the width of the
entrance weir and that the flow jet downstream of the entrance was directed along the
right bank of the tailrace channel. Design development testing was undertaken to
develop a modification that would make the water surface more uniform and possibly
redirect the discharge jet closer to the center of the tailrace.

As shown in Figure 2, the initial entrance weir design included a 23 degree offset wall
on the left approach (looking downstream in the FCF) and a 90 degree wall located on
the right approach. This design resulted in a water surface elevation that was higher on
the left side of the entrance weir. Four modifications to the left approach were
investigated:

e Entrance Modification 1: Mirror image of right approach with 90 degree headwall
on left side

e Entrance Modification 2: Angled left approach wall and 90 degree headwall.

¢ Entrance Modiﬁcation 3: Same as Entrance Modification 2 with the addition of
rounded face on the protrusion.

e Entrance Modification 4: Similar to the initial design tested in the Preliminary
tests but with the addition of a small, 4 inch section of headwall on the left side of
the entrance weir



After testing the first three modifications, it was apparent that basic modifications to the
left wall geometry were not likely to create a uniform flow surface over the weir. The
existence of the abutment is necessary to turn the flow and discharge it into the center
of the tailrace, but this also cause a slightly higher concentration of flow along the left
side of the entrance weir. As shown in Figure 5, a design very similar to the initial
design with only a small (4 inch) portion of headwall on the left side of the FCF entrance
weir was selected for the final design.

Selected Design Modifications

The selected configuration used for the final documentation testing consisted of the
following modifications:

o diffuser beams placed beneath the upwell diffuser screen,

o vertical diffuser bars in the knife gate slots,

o baffle blocks below the tailrace diffuser screen, and

e small portion of headwall added on the left side of the entrance weir.

Conclusion:

In summary, a physical model study was undertaken to evaluate and refine the design
for the proposed fish collection facility (FCF) below Cushman Dam No. 2. The FCF will
be located directly downstream of two new turbine units which will provide the auxiliary
water supply for the FCF. This project is an example of a fish collection facility that
serves multiple functions: collecting adult fish, providing instream flows for downstream
habitat, and producing power.

Since the FCF diffusers were located immediately downstream of the turbine draft
tubes, design attention associated with dissipating the energy and providing a uniform
flow distribution across the FCF diffuser screens was required. Physical modeling was
selected as a design tool to evaluate the initial design and make improvements. The
model was also used as a demonstration tool for stakeholders involved in the project.

The physical modeling was used to evaluate the FCF upwell diffuser, draft tube tailrace
diffuser, and the fish entrance. Modifications were made to the diffuser chambers
located below the upwell and draft tube tailrace diffuser screens to achieve more
uniform flow distributions and to meet NMFS diffuser screen guidelines. The results
from the preliminary design testing showed that the flow distribution through the upwell
diffuser screens and the powerhouse diffuser screens was not sufficiently uniform to
meet the required NMFS velocity guidelines for horizontal AWS screens and horizontal



draft tube diffusers. During the modification testing phase, different methods of baffling
were incorporated into the FCF design to provide a more uniform distribution of flow
though the diffuser screens. Some additional fine tuning will be conducted in the
prototype to account for effects of the turbines which were not represented in the model.

For the tailrace diffuser, two methods of baffling were implemented. First, in the knife
gate slots, vertical diffuser bars were added to reduce the amount of knife gate closure
needed to achieve 80 cfs attraction flow. The second method of baffling was comprised
of installing two rows of baffle blocks spaced beneath the tailrace diffuser screen. The
row of baffle blocks located closest to the knife gates consisted of 36-inch tall baffle
blocks which were designed to deflect a portion of the flow up through the top of the
tailrace diffuser screen and reduce the flow concentration at the bottom of the screen.
Minor modifications were made to the headwall located in the FCF upstream of the
entrance gate to help provide a more uniform flow distribution across the entrance weir.

The Cushman FCF design provides a facility that will meet multiple goals at the project
including collecting adult fish for transport and providing instream flows downstream of
the facility.
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Figure 5: Overhead photo showing final fish collection facility entrance configuration.
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