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Figunre 1. Aerial View of the Shasta Temperature

Conatrol Device [2,3]

Effects:

- Improved habitat for salmon spawning and juvenile rearing
- Additional Hydropower Generation

- Role Model for other dams and power plants
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Abstract:

This Good Practice illustrates a successful case study of habitat restoration and hydropower
optimization. During the period of late 1980s to the mid-1990s, the Bureau of Reclamation
spilled cold water through Shasta Dam’s low-level river outlets to provide proper water
temperatures for salmon downstream, instead of passing water through the hydro turbines. A
Temperature Control Device (TCD), with a unique selective withdrawal system that routes
water through Shasta Powerhouse, has provided the answer to maintaining the required water
temperature for fish and at the same time, generating clean inexpensive electricity. An aerial
view of the TCD, Shasta Dam and power plant is shown in Figure 1.

1. Outline of the Project

The Central Valley Project (CVP) in California, USdeveloped, constructed and managed by the U.S.
Department of the Interior's Bureau of ReclamatiBeclamation), is one of the Nation’s major water
resources developments and one of the largest st@i@ge and conveyance systems in the world. The



CVP stores and distributes about

20 percent of California’s water (7

million acre-feet (8.6 million cubic

meters), and generates more than 5

million MWh of electricity during

years of normal rainfall. The

Secretary of the United States

Department of the Interior

authorized the project and the

President thereafter approved it on

December 2, 1935. Congress

re-authorized the Project in the

Rivers and Harbors Act of 1937.

The Shasta Division of the CVP

was authorized by Public Law 386,

84" Congress, 1 Session, on

August 12, 1955.

The Sacramento River and Shasta

Dam in Shasta/Trinity River

Division, Shasta County,

California are major components

of the Central Valley Project. In

addition to generating electricity,

Shasta also serves to control

floodwaters and store surplus winter runoff foigiation in the Sacramento and San Joaquin Valleys.
also maintains navigation flows, and provides fldarshe conservation of fish in the SacramentceRiv
Shasta stores about Sixty-four (64) percent of 2@ water supply, with a capacity to store 4.5ionill
acre-feet (555,000 hectare-meters) and generatgsert2nt of CVP hydroelectric production. Other
components of the Central Valley Project are shiowiable 2.

Completed in 1945, Shasta Dam is a 602-feet (188rs)dall curved concrete gravity structure haang

gated overflow spillway with a crest elevation 68Y.0-feet (316 meters) above mean sea level @igur
2). The Shasta Dam impounds water from the Pit, Ible; and upper Sacramento Rivers to form
Shasta Lake, the largest reservoir in Californibe am includes an extensive river outlet works



structure with intakes at elevations 942.0-fee¥ (@teters), 842.0-feet (257 meters), and 742.0¢R2&
meters) respectively above sea level. The five p@eastock intakes are located near the right adnttm
with a centerline elevation of 815.0-feet (248 m@teapproximately 240-feet (73 meters) above the o
river channel, but only 25-feet (7.6 meters) frdm teservoir bottom in front of the intakes. Shasta
Powerplant, located directly below the dam inclufles turbine-generators with a combined rated
capacity of 539 MW. Discharge capacity of the poplant is 17,600 ft3/sec (500m3/sec), the units are
being upgraded which will increase the rated capdoi 629 MW and discharge capacity to 19,500
ft3/sec (538 m3/sec). The power plant is operasea peaking plant with releases varying hourlylydai
seasonally as a function of power and water dem@napproximately 156-feet (48 meters) tall—as tall
as 15-story building —Shasta Power plant is orteefargest hydropower plants in California.

Figure 2. Shasta Dam with penstocks, power plat saillway in the foreground,
and Shasta Lake in the background.[2,3]

In the1970s, controversy grew around anadromobssfigecies, primarily Chinook salmon and
steelhead trout, and how the presence of damseo8tthsta Division were causing a decline in
their populations. The winter-run Chinook salmoreenthe River in the winter and optimum
spawning takes place during the months of July/Augapproximately at a location where the
river reach stretches between the 107 MW Keswickn2end Reservoir and the Red Bluff
Diversion Dam (RBDD) downstream of the River. Dgrithis time of the year water
temperature is high at this location for effectsgawning and the optimum spawning of the
winter-run Chinook salmon are affected becauseggfand fry mortality associated with the
elevated water temperatures, thus declining thapulations (optimum temperature for salmon
spawning is 5%). Because of that, elevated downstream River Wamperature was
determined to be one of the most important fadtmrshe Chinook salmon population decline.
Other factors affecting the anadromous fish pomratiecline are: water quantity especially
during a dry year, dissolved oxygen, turbidity, aothl dissolved gas. Since 1987, water
temperature in the upper Sacramento River has beetmolled by releasing deeper, colder
water from Shasta lake through the low-level owtletks to protect endangered salmon species.
However, since these releases were not passedgthtbe Shasta Powerplant hydroelectric
generation was significantly reduced. In 1992, ast pf the Central Valley Project
Improvement Act (CVPIA, Title 34 of Public Law 1@Z5) Reclamation was authorized to
install a Temperature Control Device (TCD) at thpstteam face of the Shasta Dam which



would control water temperatures in the upper $aerdo River to minimize salmon mortality
without the loss of hydropower generation.

The TCD is a specially designed piece of equipmmtit a unique selective withdrawal system that
allows power plant operators to use water fromedéifit depths in the reservoir to operate hydropower
turbines. The TCD design allows operators to baeti@nage and control water temperatures at thetoutle
to the powerhouse.

The TCD, designed by the Reclamation engineersisel shutter device, weighs more than 8,500 tons
(7.7*1Fkg) and is supported vertically by rigid steel fesvanchored by more than 325 concrete anchor
bolts near the upstream face of Shasta Dam (Figuiivers attached the device to the dam.

The 250-feet-wide by 300-feet-high (76.2 metersewahd 91.4 meters-high) shutter structure in TED i
composed of five separate units that are attachdéldet dam around each penstock intake. These units
extend about 50-feet (15.2 meters) upstream fra@fabe of the dam, and are open between units to
permit cross flow through the shutter structuree€hsets of hoist-operated gates and trash racktseon
front of each shutter unit allow water withdrawalugper, middle, and low reservoir levels for alkef
penstocks.

A low-level intake structure (Figure.3) which is
125-feet-wide by 170-feet-high (38.1- meters-widad a
51.8-meters-high) is hydraulically attached toléieof the
shutter structure directly above the cold waterl.pdbis
structure also extends 50-feet (15.2 meters) wgpstifeom
the face of the dam and acts as a conduit to at¢bess
deeper, colder water near the center of the dam.iffthke
structure is made of three intake units that adevidually
assembled and attached to the dam and have opaiings
elevation 722-feet (220 meters). Two slide gatesinten

on the side of the shutter structure, control thes ffrom
the low -level intake structure to the shutterdtite.

The design flow for the TCD is 19,423 ft3/sec (550
ma3/sec). A density-stratified hydraulic model wasd to
predict the hydraulic characteristics of the TCDheT
hydraulic model was also used to determine the dbwe
water elevation that could be accessed by the &well
intakes. Withdrawal layer limits are a functiondigcharge
and stratification of the reservoir.

The TCD design also includes (i) impact of leakabas would significantly increase the temperatire
under draw discharges or significantly reduce ti® ability to conserve the cold water resourde (i
the impact of design basis earthquake, so theraamgructural damage and (iii) the effects of déarg
floating debris around the TCD to keep floating rikefrom becoming entangled in the gate hoist ropes
and to protect the exterior coated surfaces offtBiB. In addition, the TCD design considered water
temperature equipment which are used to provideebervoir temperature profile outside of the TCD,
and the water temperature at specific gate locatiithin the TCD structure. Additional water
temperature equipments are located in the powet plieectly upstream of each turbine. Such water
temperature equipments assist the plant operatselecting TCD gates that should be opened (or
closed) to provide discharge temperatures that&gt benefit fish downstream in the SacramenterRiv
All materials of construction meets the requireraeot American Society of Testing and Materials

Figure 3. Scematic of the TCD,
low-level intake, and river outlet
structure on the face of Shasta [



(ASTM), Federal and USBR standards, specificatiansg, testing procedures as mandated. The TCD is
also being monitored for corrosion, cracking, blistg and peeling of the applied coatings and figed

for cathodic protection, if necessary. To ensueetdtal continuity throughout the steel framewoflthe
shutter and low-level intakes, an electrical cantinbolt was detailed at each end of each strattur
member.

The selective withdrawal structure at Shasta &&@000,000 to design and construct. Shasta TCB cos
were allocated as: (i) 37.5% Water and Power Usgi)s,25% State of California, (iii) 37.5%
Non-reimbursable.

2. Features of the Project Area

The Central Valley Project extends (Figure 4) fribra Cascade Range on the north to the semiarid but
fertile plains along the Kern River on the southaga Dam and Power plant are located on the
Sacramento River in Shasta County, California, atiéumiles (24 killo-meters) northwest of Redding,
California. The primary area influenced by the $hasleases is the river reach between Keswick Dam
and the Red Bluff Diversion Dam, a distance of al& river miles(95 killo-meters). Shasta Lake
provides a popular, diverse sport fishery with bottd and warm-water species including Chinook
salmon, rainbow trout and other habitats.

Figure 4. Project Location* [2]

3. Major Impacts

Protection of Fisheries is an important considerain the project area. Both Shasta and Keswickam
block a large number of streams tributary to ther&aento River that are used for spawning by the
migratory fish. Shasta dam not only blocks migratigpstream, but also blocks the flow of cool water
downstream, keeping water temperature above thémax fifty-six degrees Fahrenheit necessary for
salmon spawning. As a result, all runs of Chinoalknen have suffered declines in population growth
because of fry mortality associated with elevatetkwtemperature in the Upper Sacramento River.



In 1989, because of the continued population dedinthe winter- run Chinook salmon, the Chinook
salmon in the Sacramento River was listed as amngmdled species under the state and federal
Endangered Species Acts (ESA). The Biological @pir{BO), for the operation of the Federal Central
Valley Project and the California State Water Ribjeas issued on February 12, 1993 from the Nationa
Marine Fisheries Service (NMFS) for the Winter-Rtininook salmon. The conclusion was “Based on
an assessment of the impacts, NMFS concludes,ridpoged long-term operation of the CVP by the
Bureau is likely to jeopardize the continued exist of the Sacramento River Winter-Run Chinook
salmon.” The BO contains conservation recommenasgtiohich included the requirements to continue
implementation of the TCD. Hence, Section 3406{(b){6 CVPIA, which was signed on October
30,1992, authorized Reclamation to install and afeea structural Temperature Control Device (TCD)
at Shasta and to develop and implement modificationCVP operations as needed to assist in the
Secretary’s efforts to control water temperatunghé Sacramento River.

Between 1987 and 1996 CVP operators regulated doeans water temperatures by releasing water
through the Shasta Dam lower outlet works. Althotighwater temperature was temporarily improved,
hydroelectric generation was greatly reduced, stumh releases bypassed the power plant. Durigg thi
period, releasing water through the outlet workstead of through the turbines has resulted in
approximately $65.0M (2,709 GWh) in total replaceim@wer cost. Replacement power was purchased
by the Western Area Power Administration (WAPA) nfroalternate sources due to contractual
commitments.

4. Mitigation Measures

In order to mitigate the Chinook population growttline Reclamation worked closely with all reseurc
agencies and stakeholders to solve the Sacramer@otBmperature problems. Coordinated efforts with
the U.S Fish and Wildlife Service (FWS) and theifcalia Department of Fish and Game (DFG)
resulted in an effective solution to meet tempeeasiandards in the upper Sacramento River. In the
summer of 1988 DFG and Reclamation developed tegirdo minimize temperature-related mortality
to the extent controllable by changing project afiens.

In 1988, 1989, and 1990 Reclamation conducted pubéetings on the scope of the Shasta outflow
Temperature Control Environmental Impact Stateni@RG and FWS staff provided Reclamation with
available information on the spatial and temporstiridution of migration and spawning of the founs

of Chinook salmon in the Sacramento River and @nliological effects of temperature on salmon
reproductive growth and survival. Reclamation uges data in the evaluation of temperature control
options.

California Department of Fish and Game negotiating and conditions with Reclamation and
developed guidelines for determining what tempeeationtrols are available. After assessing several
alternatives, Reclamation Engineers decided thghudter type Temperature Control Device (TCD)
would be the best temperature control alternatigmfdesign, construction, operation and maintenance
standpoints. In October, 1992 as part of the Ce¥tley Project Improvement Act, Reclamation was
authorized to construct and operate such devick sétective withdrawal structure and install it at
Shasta Dam, that would control water temperatuienfwove salmon spawning and rearing habitat. In
November of 1994, a contract was awarded for thestoaction of TCD and the construction was
completed in February 7, 1997. The implementatiothis “fish-friendly” device provides flexibilityo
manage Shasta Dam Operations for both salmon piorteand recovery and hydroelectric power
production revenue. The TCD allows the selectivéh@vawal of water from the reservoir's surface



during the winter and spring when the water isafyt cool, or from deep in the reservoir during
summer when the surface water is too warm The tdedewithdrawal system drew water from the
deepest levels of Shasta Lake through powerhousimés , maximizing power generation, while at the
same time providing life-producing cold water fordatened Chinook salmon spawning downstream in
the Sacramento River. Use of the TCD also impraxggen and sediment levels in the river water and
allows Reclamation to fulfill contractual obligati® for both water quality, and delivery as welpasver
generation.

As a mitigation measure, while under operation, tenyperature anomalies of the TCD must be reported
promptly to the proper authorities. The reportisgaccompanied by data from the TCD and reservoir
water temperature probes, unit discharge flows tantperatures, and TCD gate positions. From the
physical and mathematical model studies, the gse@@D benefit appears to be the conservationldf co
water within the reservoir until the colder wateleases are desired later in the summer. It was
recommended that beginning with the first yeare¥ise, the TCD should be inspected on an annual
basis. Annual inspection is scheduled to take agdganof the seasonal low water mark. Besides annual
inspection there are seven-, fifteen-, and tweivig-fyear inspection programs. On the seventledifth,

and twenty-fifth year of service the annual insjpectvill be supplemented by a diver-assisted intipec
program. The inspection items should include: debdcumulation inside the TCD, Dam connections,
Visual inspection of steel members. Findings of Zhel5-, and 25-year inspection programs should be
documented.

5. Results of the Mitigation Measures

Results of the mitigation measures have been dian@ampared to an estimated total cost of $65M
(2,709 GWh) in replacement power (between 1987-199&D operations have increased power
generation by 74 percent ($48.1M) and 105 perc&§8.8M) for 1997 and 1998, respectively. The TCD
releases also met the river temperature goals tlafiothe time, whereas before the TCD, the release
temperatures were too high on 30 to 45-days duhiegate summer and early fall-a critical time for
salmon reproduction.

The selective withdrawal performance was evaluatethe ability of CVP operators to meet temperature
standards at various compliance points along tiperuacramento River while meeting water delivery
and power generation obligations. TCD operatiorgabe~ebruary 1997. During the months of April
through October, average daily river water tempeestbetween Keswick Dam and Red Bluff Diversion
Dam are required to be less than’B@L3.3°C). In 1996 this temperature target was exceedeiiriss,

and with the TCD operating in 1997 that target waseeded 17 times. This represents a 47 percent
reduction in temperature target violations.

A comparison of temperature profiles collected BApre-TCD) and 1997 (post-TCD) (Figure 5)
indicated that TCD operations modified the resergbitification. The isotherm plots in figure Sosh
that a larger volume of cold water 441(7 °C) was stored in Shasta Lake in 1997 and that the
cold-water pool was maintained into June. The &othplots also illustrate how TCD operations
generated a stronger thermo cline (temperaturéegmddbut the TCD did not appreciably increase the
surface water temperatures.



Reclamation engineers have analyzed

the multilevel intake structure’s

performance for three years,

(1996-1998) concluding that the

structure is performing as desired. In

1997, the first year of operation,

project  operators met  river

temperature standards during the

summer, with minimal water bypass

the powerplant. However, in mid

September 1997, the structure

developed warm water leakage

around the middle gates, which

required the withdrawal of cooler,

deeper water through the low-level

bypass.

In January 1998, seals were installed

stopping the leaks. Despite the

leakage problem, reduced bypass in 1997 allowedt&tRowerplant to generate an additional 300,000
MWh ($45.1M) of hydropower.

During 1998, because of El Nino related weatheudisinces, tributaries downstream of Keswick Dam
flowed higher and warmer than normal. Consequettiyler water had to be released from Shasta Dam
earlier than usual. However, even with the eargases of cool water, use of the TCD allowed ptojec
operators to meet water deliveries and temperatgeirements throughout 1998 without using the
low-level bypass. This full utilization of the Sha®owerplant resulted in an additional 1,100,000t
($18.7M) of hydropower generation. Likewise in 192000, and 2001, Reclamation’s Central Valley
Operations Office along with the Sacramento Rivemperature Task Group has operated the TCD to
achieve the Sacramento River temperature goalgutitiaving to bypass the Powerplant. Monitoring of
the structure’s performance continues with the gbahproving the TCD’s operational efficiency.

As an example of effective TCD performance Figurghéws a thermocline from the data collected in
2001 (post-TCD).

Figure 6. Shasta Lake Temperature Profiles, 20P1 [6



Reservoir operations for 1996 (Figure.7) and 199@ufe.8) are used to compare pre- and post-TCD
operations, respectively. The year 1996 was anebovmal water year where the reservoir filled to
El.1066-feet (325 meters) on May 28, 1996. Decendl®6 and January 1997 were extremely wet
months. These flood flows brought large volumesabdl water into Shasta Lake. In fact, the largiimf
and flood control releases in January 1997 reptesarly one-half of Shasta Lake’s storage capadity
4.5 million acre-ft (555,000 hectare-meters) SiBtasta is used for flood control, the majority lof t
January 1997 flood inflows were released to mairgirage capacity for spring runoff. However, igri
runoff flows were below normal and the reservoavelion topped out at El. 1045-feet (319 meters) on
May 9, 1997. As a result, 1997 was a below normatewyear and the reservoir was drawn down
72.8-feet (22.2 meters) to meet contractual deéser

In 1996, temperature control bypass operations rbegaMay and continued through November
(Figure.7), whereas the plot of 1997 operationsastiwat low-level bypasses were not needed until
September and even so they were only 16 percehedbtal release. In contrast, low-level bypasw/l

in September 1996 were 91 percent of the totahseleln terms of lost power generation, 672,000 MWh
($11.4M) were lost because of low-level bypassekd®6. In 1997, 65,800 MWh ($1.1M) were lost to
low-level bypasses; however, if the TCD had nonbegerational an estimated 365,300 MWh ($6.2M)
would have been lost.

In terms of salmon spawning, Figure 9 shows themagtd number of winter-run Chinook salmon
returning to spawn in the upstream of Keswick Daomf1987 through 1998. The enhancement of this
anadromous fish population from 1997 (TCD installed operated) to 1998 (Figure 9) is an example of
how temperature control using the TCD resultedizchgopulation growth.

Figure 9. Numbers of Returning Salmon from 198@ulgh 1998 [7]



More recent data on monitoring of the winter-runim@bk salmon at upstream of the Red Bluff
Diversion Dam (RBDD) (Figure 10) confirms the effee performance of the TCD.

Figure 10. Winter-Run Chinook Salmon at RBDD [8]

Figure 10 shows an increase in population of th&exirun Chinook salmon over the years from 1997
through 2002 with the exception of the year 2000.

In addition, operation of the temperature contreVide improved the control of river turbidity, and

dissolved oxygen while significantly benefiting thinter, fall, and spring Chinook salmon runs. This
has been done concurrent with meeting existingrveatg power contractual obligations.

It is also believed that the TCD and modificatioanCentral Valley Project (CVP) operations would

establish sufficient control over water temperaguire the upper Sacramento River to minimize any
further loss of salmon.

The National Hydropower Association (NHA) presenitlamation with a 2002 Hydro Achievement

Award in the category of Technical solutions far state-of-the-art Shasta Temperature Control @evic
(TCD).

6. Reasons for Success
The following may be cited as reasons for success:

1) Hydropower Optimization: At Shasta Dam Cool water bypass releases fron7 #@®ugh 1996
resulted in an estimated replacement power of 28 ($65M). In contrast, TCD operations have
increased power generation by 74 percent ($48.1id) 105 percent ($68.3M) for 1997 and 1998
respectively.

2) Temperature Control: The TCD releases met the river temperature dafal$ (13.3°C) almost all
the time, whereas before the TCD, the release teypes were too high on 30 to 45-days during the
late summer and early fall—a critical time for samreproduction.

3) Habitat Restoration: Use of TCD resulted in an increase in the pomnatf anadroumas fish in the
Sacramento River. This is in compliance with the RP02-275, state and Federal Endangered Species
Act (ESA, P.L. 100-478) and the Central Valley Bobjimprovement Act (CVPIA), which elevated
fish and wildlife protections and restorations tdegel of equal importance with flood control,
irrigation, navigation, and power production.
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7. Outside Comments

1) In speaking about the Shasta Temperature Comenlice, Interior Secretary Bruce Babbitt
commented, "This device symbolizes our commitmerdreserving the salmon of the west through
the best science in the world. It also shows tblatiens can be found which can accommodate other
interests."(Association of California Water AgersGi@CWA News, June 23, 1997)

2) "The cooperation between all the government egen including the environmental
concerns, people came together from all perspegtigaid Redding author and Simpson
College instructor Al Rocca. "What Babbitt suggests is tbaild serve as a model for future
projects.” (Redding Record Searchlight, May,30997)

3) "If we didn't go to all this effort we would les population of fish that is important to a whagion
of state, especially the economies of ocean angl ommunities,” said Harry Rectenwald, a
biologist with the California Fish and Game Depattn (The New York Times, July 6, 1996)

4) WAPA Administrator J.M. Shafer said "Western rmmkledges the high quality of the work
performed by the Bureau of Reclamation in desigtivggTCD and managing the project," (Closed
Circuit, WAPA Newsletter)

5) John Merz, manager of the Sacramento River Pusen Trust, said the device would provide the
Bureau with the "flexibility" it needs to accessccwater when it's needed most without losing power
sales. "l appreciate the fact that people calldHish friendly device but the reality is it's foower,"
said Merz of Chico, California. (Redding Enterpsidecord, May 30, 1997.

6) Roger A. Fontes, Assistant General Manager, hdant California Power Agency said “The
Temperature Control Device is of vital importancethe operations at Shasta Dam. Cold water
protection for spawning Chinook salmon downstreathns longer require that valuable, clean and
renewable hydroelectric power be bypassed anddoster. The TCD will go further; it will allow
maximum protection for all Sacramento River salmons while concurrently producing Shasta
Dam’s full hydroelectric potential.”

7) “We are very pleased to be recognized for tpicel achievement,” said Kirk Rodgers,
regional Director, Mid-Pacific region, Bureau ofdRemation. “ The Shasta TCD represents
a wining collaboration of technology, biology, aecbnomics working to meet the needs of
our customers and the environment.” After Reclaomativas presented with the 2002
Hydropower Achievement Award by the National Hydreyer Association (NHA).

8. Further Information

8.1 References

[1] Design Summary, Shasta Temperature Control d@evCentral Valley Project, California, United
States Department of the Interior, Bureau of Reat@m, Technical Service Center, Denver,
Colorado, September 1997.

[2] Higgs, Jim A, and Vermeyen Tracy B., Shasta perature Control Device CFD Modelling Study,
Memorandum Report, U.S. Bureau of Reclamation, flieeh Service Center, Denver, Colorado,
September 1999.

[3] Shasta Power Plant, Our Power Facilities, BuraaReclamation’s Power Program’s Website.

[4] Vermeyen, Tracy B, “Shasta Dam’'s Temperaturent®l Device: Meeting Expectations.”
Hydro-Review, 19, 34-37.

[5] Vermeyen Tracy B, “First Year Selective Withdia Performance of the Shasta Dam Temperature
Control Device,” Proceedings of ASCE'’s InternatioWater Resources Engineering Conference,

11



Memphis, Tennessee, August 3-7, 1998, pp. 944-949

[6] Presentation Data, Water Resources Reseatmbrairy, Bureau of Reclamation, 2002

[7] National Hydropower Association Form, BurediReclamation, 2002

[8] Personal Communications with several regiamad field personnel from Reclamation and other
agencies involved in the project

[9] Vermeyen, Tracy B., “ Shasta Dam Temperatuoatf®l Device,” US Committee on Large Dams
Newsletter, Issue No. 117, March 1999

[10] Shasta Dam Temperature Control Device Reptetcher General Construction, 1996
Website:www.cbt.org

8.2 Inquiries

Banasri Sen, Policy Analyst
Tracy Vermeyen, Hydraulic Engineer
Power Resources Office
Bureau of Reclamation
84-54000

Box 25007

Denver, CO 80225
+1-303-445-2922
power@do.usbr.gov
bsen@do.usbr.gov
tvermeyen@do.usbr.gov

©New Energy Foundation, Japan, 2

12



This case history of hydropower good practice islished for educational and informational purposedy and may
not be used for any other purpose. Duplication éammercial purposes is prohibited. The author(s)this

publication make no express or implied warrantiesaerning this case history, including no warraafyaccuracy or
fitness for a particular purpose.
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