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FRIANT POWER PROJECT: 
NON-FEDERAL POWER AT A P.ECLI\MATION FACILI TY 

Jchn E. Boudreau, John L. Richardson, Thomas J. Isoester, 
and James C. Conwell 

/\BSTRACT 

Des igns for powerplants at Friant Dam were produced through t he chal
lP.nging coop erat ive efforts of Tudor Engineering Company and the 
Bureau of Rec l a mation . Complex probl ems successfully r esolved 
included p e nstock tie-in, valve submergence, ene r gy dissipation, time 
constr a ints, and lining limitation. Several of the problems were 
solved by the use cf a physical model. 

INTRODUCTION 

F riant Dam is the principal feature of a large , compl ex i rr i gation 
water supply r egulation and d e livery s ystem, the Fr i ant Division of 
th e U.S. Bureau of Reclamation's Ce ntral Valley Project . Because 
this system is in operation practically the year round a nd is often 
very delicately balanced, any major change needs gr e at care and 
scrutiny. Therefore, the developme nt of the d e signs for powerplants 
on the three outle t works at Fr iant Dam requ ir ed a n ex t ens i ve 
cooperative effor t by the consulting firm, Tudor Engineering Company, 
and the project operator , the Bureau of Reclamation . 

The most important problems resolved were: locat ion of the t ie-in to 
the exist ing o utlet pipes, s ubmergence of the r emaining hollow- jet 
val ves at certain tailwater conditions, the energy dissipaters of 
proposed fixed - cone valves, the restricted p e riods of time for 
certain e l e ments of construction, and limitations of the e xisting 
canal linings . The key to the resolution cf several of the problems 
was a model study of the Friant-Kern Powerplant, the modified outlet 
work s and stilling bas in, a nd upper e nd of the canal . 

SETTING 

Fri a nt Divisio n p r o vides f or transport of surplus wate r through the 
southern part of Califor ni a ' s semi a rid Ce ntr.al Valley . Th e 
division' s mai n features are Friant Dam , the Friant-Kern Canal, and 
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Madera Canal, all constructed and operated by the Bureau of 
Rec.la.mation. F'riant Dam (fig. 1) is .located on the San Joaquin River 
25 miles northeast of Fresno. Completed in 1942, the dam is a 
concrete gravity structure 319 feet high with a crest length of 3,488 
feet. The resulting reservoir, Millerton Lake, has a capacity of 
520,500 acre-feet. The dam and reservoir control the San Joaquin 
River flows, meet downstream re.lease requirements, and provide flood 
control, conservation storage, and diversion into Friant-Kern a nd 
Madera Canals. Annual full natural flow of San Joaquin River be.low 
Friant Dam varies from a maximum of 4,367,000 to a minimum of 361,500 
acre-feet. Aver age discharge is about 1,800,000 ac re-feet. 

Friant-Kern Canal carries water from Millerton Lake southerly for 
suppleme ntal a nd full irrigation supplies. 'l'he canal, which is 151 
miles l ong and has an initial capacity of 5,300 c.f.s., delivers an 
average of 1,400,000 acre-feet annually. 

The 36-mi.le-.long Madera Canal carries water northerly from Millerton 
Lake. The canal, with an initial capacity of 1,250 c.f.s., makes 
water deliveries which average 350,000 acre-feet annually. 

Although an early plan for Friant Dam included a powerplant on the 
river outlet works, the final d esign made no provision for power or 
for future addition of a powe rp.lant. Water releases through the 
rive r out.let works average 50,00C acre-feet annually. 

Normal maximum reservoir elevation at Fr iant is 578 feet i the 
n,inimum, 468 feet. Elevation and head data in feet for the dam's 
outlet works are: 

OutJ,1!: valves 
centerline el e vation 

Sta tic head 
Normal maximum 
Minimum 

Friant-Kern 

464 

114 
4 

Madera 

446 

132 
22 

River 

332 

246 
136 

In the mid-1970's Reclamation evaluated the addition of power
plants at several existi ng dams, including Friant. A December 1979 
report (1) concluded that for Friant Dam, three p.lants--a 15,000-kW 
unit o n the Friant -Ke rn Canal out.let , a 5,000-kW unit on the Madera 
Canal outl e t, and a 2,700-kW unit on the river outlet--were eco
nomically justified. However , non-F'ederal inter es t pr ec luded 
congr essicnd .l authorization for construction. 

NON-FEDERAL PROPOSAL 

In 197 8, eig ht irrigation, municipal utility, and water districts 2/ 
joined togath e r to form Friant Power Authority. These districts, all 
purchasers of Friant-suppl i ed water, foresaw that potential revenu e 
from sale of hydcoelectric pawer was a partial solution to their 
enerqy cor;ts. The Authority retained legal, financial, bond, and 
,:,ng ineer i.1g consu ltants 3./ and proceeded to determine feasibility of 
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a Friant Power Project. The initial study showed a feasible project; 
a water rights permit and a FERC license were subsequently obtained. 

The Authority proposal calls for construction of powerplants on the 
three outlet works. Friant-Kern I'owerplant No. 1 will have a 
15,000-kW horizontal Kaplan turbine and synchronous gener~tor; 
Madera Powerplant, an 8,000-kW horizontal Kaplan turbine and syn
chronous generator; and the River Outlet Plant, a 2,000-kW horizont al 
Francis turbine and induction generator. Ultimate development calls 
for construction of a second unit at Friant-Kern. 

OFERl\'L'IONAL CONSTRAINTS 

The Authority's approach to developme nt of the Friant Power Project 
has been to work closely with th e Reclamation staff. Because of the 
Authority members' role in the Friant Division, they fully under stand 
and respect the priority of irrigation releases . 

Project feasibility was of necessity based on the r e quirement that 
hydroelectric power generation is not to dictate when or how much 
water is released. Those releases are determined by irrigation and 
flood control demands. Further, in marketing the power, this 
operational constraint had to be acceptable to a power purchase r. In 
addition, both Reclamation and the Authority were very concerned 
about making a,1y modifications to the existing facilities which c o uld 
possibly jeopardize future operations. Finally, only limited periods 
of canal nhutdown would be allowed during construction. 

DESIGN CONSIDERATIONS 

Working within constraints imposed by design features of the existing 
Frlant Dam, the design objective for the three powerplants was to 
provide the most economical project. 'Ille five mo st import a nt 
problems investigated in the cooperative design of thi s project are: 

1. Location o f the ti e -in to the existing outlet pipes was a 
critical requirement. llranch-offs and bends were required to both 
min~nize excavation within the existing dam, and be located a minimum 
of 5 pipe diameters from the discharge valves. Surge relief at load 
rejection was also required . As a result, several changes were made . 

T·:, avoid excavc:tion near the toe of the ctam and to reduce overall 
excQvation for Friant-Kern and Madera Powerplants, horizontal Kaplan 
turbines were substi tut ed for the original ver tical Kaplan turbines. 

At the Friant-Kern and Madera outlets, discharge valves on the pipes 
to be used for the proposed powerplants are to be moved signi ficQntly 
Jo wns t ream of their present locatio n s . Also, the di scharge valves -
two hollow-jct valves on Friiant--Kern and one needle valve on Made ra-
are to be replaced with ftxed-cone valves complete with energy 
dissipaters. The reduction in construction costs served to offset 
somewhat the cost nf the replacement valves. 

2. Submergence of the remaining two hollow-jet valves arlJac~nt to 
Friant-Ke rn ?owe rplant at c~rtain tailwater conditions was a second 
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design problem. During prepower project conditions, a high tailwater 
occurs only when all valves are at a high rate of flow. This high 
r ~ te of flow "sweeps out" the portion of tailwater in the stilling 
b as in i mmediately downstream from the valves, eliminating any 
submergence problems. As the proposed powerplant utilizes up to 66 
pe rcent of maximum flow to the canal, the flow rate through the 
r e maining two hollow-jet valves will, therefore, be too low to 
p revent partial submergence of the valves under future normal 
ope ration. The valve submergence was eliminated by channeling the 
d ischarge jet through a narrow pajsage, thus preventing the high 
tailwater from entering the valve chamber. Designs were successfully 
developed by Tudor a nd tested by Reclamation, using a physical model. 

3. The energy dissipaters for Friant-Kern Powerplant's fixed-cone 
valves were another design area that required model testing and 
:ed e sign. Ag ain, during operation of the model, the valves were 
s ubmer ged which could cause vibration and cavitation. The solution 
was to raise the valves by 5-1/2 feet. 

4. That c e rtain elements of the construction had to be completed 
during restricted periods of time was an important design con
side r a t i on . The F ri a nt-Kern Ca nal can usually be shut down only 
during December and January for major maintenance work in the outlet 
an d canal structures, while Madera Canal can be shut down from 
mid-October through mid-February, The design layouts were developed 
to minimize construction required within the exist,ing canal stilling 
basins. Both the Madera and Friant-Kern Powerplants were designed 
so t h at they can be constructed while irrigation releases are being 
made. Portions of the energy dissipaters and tailrace passageways 
also can be constructed without affecting the existing stilling 
b a sins. In the Friant-Kern stilling basin, provisions for stoplogs 
will be made in the initial December-January construction period so 
that, during the second season, half of the basin can be dewatered in 
October. This affords additional time for construction while 
i:rigation discharges can continue. During these two short 
"windows" of construction, the existing valves will be removed, water 
passageways connected, energy diss ipator s completed, and fixed-cone 
valves installed. 

5. Canal lini,ngs at both Fr iant-Kern and Madera Canals consist of 
thin shotcrete which cannot be subjected on a daily basis to any but 
very minor fluctuations in water level. To prevent canal-lining 
f:i.ilure, the canal's allowable drawdown is 1 foot per day. If load 
rejection occurs, the turbine flow must immediately be transferred to 
the fixed-cone valves to prevent a negative wave from traveling down 
the canal. A hydraulic transfer system designed to be fail-safe and 
to make the transfer in 6 seconds would result in a canal water level 
drop of not more than 1/2 foot. 

MODEL STUDY 

A model of the Friant-Kern Canal outlet and powerplant was needed to 
verify the design. This 1/16 scale model, constructed in the Denver 
Hydraulic Laboratory of Reclamation, confirmed the viability of much 
of the proposed design and, as explained earlier, identified proble~s 

764 

I 
! 
I 

I 
I 

I 
I 
i 
i 

I 
1 

I 
I 

j 

I 
1 



which required redesign. The redesign was then verified by th e 
model. Three elements of, or resultir.g from, the design were 
evaluated in the model. They were the hollow-jet valves and basin, 
the fixed-cone valves and chambers, and the wave measurements. 

Hollow-Jet Valves and Basin 

The original configuration of the hollow-jet valve basin was deemed 
inadequate because, with the operating criteria for the proposed 
powerp l ant, the va lves would be sub~erged. Hollow-jet valves are 
designed to discharge freely to atmospheric pressure. Air vents 
supplying the inner hollow portion of the jet are located a t the 
downstream face of the valve in line with four splitter vanes 
dividing the jet into quarter segments. The splitter vanes contain 
the airflow passages to the inner needle seal-ring, aerat ing the 
entire inner surface of the jet. With tailwater filling the air 
vents, vibration or cav itation would occur in the valve. 

A number of modifications were tested in the mode l bP.fore the final 
configuration was developed. That configuration consisted of short 
wedge-shaped piers which angled in a downstream direction toward the 
projected valve centerline (fig. 2). As a result, the opening at the 
piers' downstream end was reduced to 9 feet 8 inches. The portion of 
the jet impinging on the wedges is deflected toward the projected 
centerline, concentrating the jet. The concentration aids in 
sweep-out and eliminates the possibility of tailwater submerging the 
valve. Fins which formed at the imping emen t point, and spread 
laterally outside of the basin were eliminated through the use of a 
deflector hood (fig. 2). 

With the final configuration, the ~ange of releases which could 
safe ly be made through the two hollow-jet valves was increased 
significantly. Both balanced and unbalanced releases were tested in 
the model. The higher the turbine flow and resultant t a ilwater, the 
greater the releases required through the hollow-jet valves to 
prevent submergence of the valves. At some operating heads, unbal
anced flow through the hollow-jet valves is beneficial. At higher 
heads, balanced releases are preferable from a standpoi nt of dis
sipat ion of basin energy. 

Fixed -Cone Valves and Chambers 

The fixed-cone valves, with centerline elevation of 464 feet, were 
s ubjected to the same tailwater submergence problem as the hollow-jet 
va lves. The problem is more severe with the fixed-cone valves 
because of the wide dispersion angle which directs the discharge 
rad ially outward at 45 degrees and reduce s the swe ep-out force in the 
downst ream dir ect ion. 

Th e proposed arrangement of the fixed-cone valve energy dissipation 
~hambe rs provided excellent flow distribution into the tailrace 
• ection. However, the valves' lower poctions were submerged at 
~ax imum reservoir head, and submergence progr essive ly worsened as th e 
h~ad decreased. Elimination of the submergence problem was important 
~s a number of instances of vibration-related failures have been 
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reported on fixed-cone valves, and the use of those valves for 
submerged releases is not recommended (2 and 3). 

The proposed structure was modified to reduce the tailwater at the 
valves. Included were installation of a 25-degree impact cone and a 
false floor, a ceiling, and walls tangent to the downstream end of 
the impact cone. No benefit was realized from the 25-degree impact 
cone by it self, but with the flow area reduced by the false floor, 
ceiling, and wa lls, some improveme~t was noted. The improvement was 
mo e t noticeable in the decr e ased water level in the chamber upstream 
of the valve. With a high reservoir head and 1, 842 c.f.s. discharge 
through th e fixed-cone valves, the water surface upstream of the 
valves was near the pipe invert. Reducing th e discharge to 1,3 30 
c .f.s., the water surface raised to the centerline. As the reservoir 
head was r educed, the water level increased to near the top of the 
valve. Because this was considered unsatisfactory, a major change 
was essential. 

Tudor developed an operational scheme which would permit raising the 
valves 5.5 feet to elevation 469.5 (fig. 3). A series of model tests 
with tailwater reduced to simulate this change showed a significant 
improvement. Simulation runs were made with the 25-degree cone, the 
false ceiling, floor, and side walls installed. From measureme nts 
made on the rr.odel, wate r upstream of the valve for most flow con
ditions would be below the level of the upstream end of the impact 
cone. This al.lowed for aeration of the outer boundary of the jet 
except during low reservoir releases where velociti es are low and 
cavitation would not be anticipated. 

Ra is ing the valve in the model would require considerable ajditional 
cost and time. As the time schedule was extr e mely short, the 
simulation wac continued by tailwater adjustments. The simulation 
pr.ovidecl conservativf' data when com::idering velocities at the down
streem end of· the chamber. 

Raising the fixed-cone valves 5.5 feet, in order to prevent increas
ing the st ruc ture's ceiling height, required a 20-degree cone. Tests 
indicated that the outer boundary of the jet would be adequat ely 
aerated and th at flow distribution at the end of the chamber would be 
satisfactory. 

Wave Measucements 

UtiliL:ing capac itance wave p:r:obesf a series of wave measurements were 
made in u·,,-, model. These tests indicated waves are within the limits 
of the req1;irc,ment for canal linin9 stability. 

COHCUJ SIONS 

Operatio nal co nstr ai.nts for the existing facilities at l"riant 
Dam--part:icularly the Friant-Kern outlet works, stilli ng basin, and 
canal--resulted in major design and schedule challenge s when powe r
plants were pr o posed. 
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Changing the design of the turbines in the canal powerplants from 
vertical to horizontal axes minimized the excavation at the dam. 
Substituting fixed-cone valves for the hollow-jet and needle valves 
on the outlet pipes used for the powerplants and relocating the 
valves downstream solved the surge and some of the cavitation and 
vibration problems. 

A physical model was necessary to confirm other valve cavitation and 
vibration problems of Friant-Kern Powerplant's original design. The 
model was also needer! to t es t various alternative desi~ns for tilt, 
outlet works and stilling basin, and measure wave height. Through 
redesign most problems were solved, although some limited reduction 
in flow through the turbine will be necessary under certain head and 
flow conditions. 

By minimizing construction within the stilling basins of the canals, 
all irrigation releases can be made . Construction in the basins, 
canals, and dam will be accomplished in the restricted time normally 
available when releases are not being made. 

Design problems were ultimately resolved through the cooperative 
, .. ~ rking arrang eme n t of the Authority and Reclamation . The model 
st udy, in particular, confirmed the problems, and verified design 
chanc,es ne ed ed and powerplant operational constraints . As a result, 

, irrigation deliveries and optimal powerplant generation are assured. 
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