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PURPOSE OF STUDIES

When the Ensign valves at Arrowrock Dam are allowed to discharge
under high heads, severe cavitation results which damages the outlet
conduits by pitting. The proposed operating schedule for flood control
requires that the valves be operated at heads up to double that now
considered to be the allowable maximum. Hydraulic studies were made
on a model of one of the lower irrigation outlets to determine the
feasibility of making minor alterations to the valve seat rings. to

eliminate or materially reduce such cavitation so that flood control .
requirements might be met.

" CORCLUSIONS

Minor alteration (streamlining) of the valve seat rings would
increase the outlet capacity, but would not immrove the mressure
conditions in the valve throats sufficiently to prevent damaging
cavitation at high heads. Only by a major revision of the valves,
or by restricting the flow areas downstream from the wvalves, would

"1t be possible to rrevent severe cavitation and damage to the ¢ondult.

RECOMMENDATTIONS

In view.of the results of the model investigation, it #B recammended
. that no alteretion be made to the valves, but that each of the seven
52-inch lower valve outlets and one T2-inch power éGonduit outlet at
elevation 3018 be provided with same form of restriction, perhaps of
the wedge-like shape used in the model study, to raise the mressure
gradient within the conduit, thereby permitting safe ‘operation under
high heads. It i1s recammended also that the discharge ends of the
52-inch outlet and .the T2-inch power conduit, which have steel pipe .
extensions leading to the sloped entrance of the diversion tunnel, be
rearranged to allow the flow to discharge directly into the river
channel, thereby eliminating any damage which would result fram the
turbulent flow if these outlets were allowed to discharge into the

. iversion tunnel when 1t is filled by backwater n'cm Lucky Peak
Reservoir.



HISTORICAL BACEGROUND

With the develomment of water and power resources on the upper
reaches of the Boise River, plans for routing floodwaters through the
reservolir at Arrowrock Dam have became increasingly important. ZEarly
studies indicated that 1t would be necessary to provide a maximum
capacity of 20,000 cubic feet per second with the Arrowrock Reservoir
at elevation 3210. Such a discharge would require the use of 8 of the
10 elevation 3018 outlets and all of the elevation 3105 outlets, -
(Figure 1). The elevation 3018 outlets would have to be altered in same
‘1ay, or .perhaps completely revised, since the Ensign valves controlling
the release fram these outlets cannot be operated under high heads
without causing severe cavitation erosion to the outlet tunnels.

" Several alternate schemes for providing the required capacity,
including proposed arrangements, discharge capacities, and cost
estimates, were outlined in a memorandum from W. G. Weber to W. C.
Beatty, dated May 27, 1946, (Appendix I), which was transmitted from
the Denveyr office to the Reglon 1 office by a letter dated August 20,
1946. Cost estimates for model tests and other design work, required
to determine the most econamical and feasible Ela.u, were requested by
'the Reglonal office in a letter dated October 4, 1946.  Plans IA and
ITA, listed in the meamorandum mentioned above, were considered most
likely to satisfy the capacity requirements at a reasonable cost and
were submitted to the region by a letter dated December 2k, 1946.
Authorization to proceed with the studies needed to determine the
feasibility of Plan IA, involving minor alterations to the valves in
the proximity of the seat rings, was contained in a letter fram the
Regional Director to the Chief Engineer, dated April 19, 1948. A
request for model studies relative to this plan was made by the Head
of the Mechanical Division in a memorandum to the Chief Engineer,
dated May 13, 1948, and approved on May 28. The model investigation was
stize'ted shortly thereafter and the testing was completed in Septem'ber
19 .

A teletype dated August 18, 1948, fram the region to the Denver
office revised the discharge capacity requirements for flood control.
In the revised plans, it was desired that a capacity of 10,000 cubic
feet per second be avaldable when Arrovrock Reservoir was at elevation
3118 and Lucky Peak Reservoir at or below elevation 3020. Upon receipt
of the above teletype, Mr. W. C. Beatty, Consulting Engineer, was
requested by the Head of the Mechanical Division to Campile information
relative to the Arrowrock problem. The information was presented in a
nmemorandum dated September 17, 1948, fram Mr. Beatty to the Dhief
Engineer. The memorandum is contained in this report as Appendix II.
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THE INVESTIGATTON

Deacription of the model. The hydraulic model utilized in the study
of the Arrowrock outlets consisted of a high-pressure steel tank, a

1: 8-2/3 scale bronze model valve, and a section'of brass pipe to repre-
sent the discharge conduit, (Figure 2). The model had been used
- previously for an investigation of conditions in the outlets at Shoshone
Dam. Sections of the valve throat were removed as shown in Figure 3 to
streamline the passage and make i1t conform with the alterations set
forth under Proposal IA in W. G. Weber?’s memorandum to W. C. Beatty,
(Appendix I). Nine | plezometer openings were placed in the seat ring
and throat of the model valve to enable a study of the pressure
conditions at critical points. The shut-off plunger, arranged initially
to be operated hydraulically, was locked in the fully open position for

the tests, since it was planned that the prototype valve would not be
operated at partlal openings.

Effect of strea‘.-nlimgg the valve seat ring. An increase of about
-1/2 percent in the discharge capacity was realized with the minor
throat alteration, (Figure 7). Severe negative pressures were measured
on the seat ring and in the throat immediately downstream, when the
model was operated at heads corresponding to from 100 to 200 feet proto--
type, indicating that cavitation, which 1imits the use of the present
outlets, would be nearly as intense and.extensive as if no change had
been made, (Figure 4). It appeared that major revisions of the valves
would be required to obtain satisfactory préssure conditions, but it was

considered impracticable to make these revisions even though an increase
in capa.city would be realized.

Since the most severe subatmospheric pressure in the region of the
valve seat was immediately downstream fram the seal recess of the seat

ring, it seemed possible that this condition might result frum a
separation of the flow from the boundary at the sharp downstream edge

of the receds. To determine if such was the case the recess was fi]_'l.ed
vith beeewvax and formed to the contowr of the valve throat. The
mressure distribution in the vicinity of the seat ring and the discharge

- capacity remained unchanged; thus, it was .concluded that the recess had
no influence on the valve characteristics.

Effect of increasing needle-tip diameter. An attempt was made to-
raise the pressures in the throat by attaching a short piece of pipe to
the needle tip as shown in Figure .3. It was believed undesirable to
use- pipe larger than 8 inches in diameter for the prototype, so the
- model was altered with this in mind. There was no improvement in the

Iressure conditions and further study of this treatment was not made.
‘ , , _
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Effect of tummel restriction. It became evident that satisfactory
operation of the outlets at Arrovrock Dam could not be obtained by
making minor alterations to the valves. Restricting the flow area at
the exits of the conduits was considered to be the next logical step
to obtain satisfactory operation. The treatment was not new; 1t had
been investigated previously in connection with the elimination of .
cavitation pressures on the walls of the Arrowrock power conduits and’
found most effective. It was realized that some reduction in discharge
capacity would result fram restricting the flow area, but whether this -
reduction would be sufficient to make the plan impracticable was not
knowvn. The model study, therefore, resolved into tests concermning
rressure conditions within the outlet conduit and changes in discharge
capacity resulting fram different degrees of restriction. -

The 1:8-2/3 scale-model valve was restored to its original contour,
representing the prototype installation. Wedge-like restrictions of
various sigzes were placed in the conduit at its downstream end,

(Figure 5), and pressure and discharge measurements made. Curves. were
prepared showing (1) the minimm pressure at the critical zome in the
valve throat versus depth of the wedge restricting the end of the conduit,
and (2) the discharge for various depths of the restricting wedge,
(Figure 6). Aseuming an allowable minimum pressure in the valve throat,
the size of the restricting wedge necesesary to give that mressure may be
determined fram Figure 6.

It was believed that there would be little danger of cavitation if
the minimum throat pressure was limited to =15 feet of water when the
outlets were operating at maximm head. The wedge thickness for this
minimum value is 7.4 inches. The use of this wedge in the lower
irrigation outlets would decrease the capacity by about 8 percent. If
one of the power conduits were restricted to provide apmroximately the
same discharge as an irrigation outlet, the total capacity of the 18
outlets would be about 10,200 cubic feet per second with the water .
surface in Arrowrock Reservoir at elevation 5]_18 (Figure . 7. ,

!

lwen with the tummel restriction 1t is possible that cavitation
will occur in small areas Just downstream fram the "V" guides when
the outlets are operated at high heads. Such action would be
concentrated on the metal parts of the throat liners where resistance
to erosion would be a maximm and therefore could perhaps be tolerated
for the short periods the valves would be in operation. Cavitation -~
could be eliminated by providing larger tummel restrictions, but the
use of at least two power conduits would be required to realize the
desired discharge. An investigation of the maximum pressures within - .
the conduits should be made if larger restrictions are to be used. e
This pressure might be of such mgntude as to require lining of the .,
conduits.

N



Cavitation begins in the present irrigation outlets when the head
is approximetely 75 feet; thus, same damage is to be expected in the
upper tier outlets when they are operated for long periods at heads in
excess of this figure.
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Denver 2, Colorado

May 27, 19h6

Memorandum to Mr. W. C. Beatty
(W. G. Weber)

Subject: Alteration of outlets at Arrowrock Dam, Boise Pro,]ect,
Idaho.

1. There are at present the following openings through Arrowrock

Dam:

A
a. Ten 52-inch diameter outlets at elevation 3105.00. Each
outlet is apmroximately 70 feet long, with concrete walls except
for about 28 feet of cast-iron lining at the upstream end. Each
outlet is closed at its upstream end.by a 58-inch Ensign-type
balanced valve, with three of the ten valves equipped with posi-
tive controls for regulation.

.b. Seven 52-inch diameter outlets at elevation 3018 Each
outlet is approximately 128 feet long with wvalls, lining, -and
control valves (including three positive controla) as at
elevation 3105.

c. Three 72-inch diameter outlets at elevation 3018 concrete-
walled except for a 28-foot cast-iron-lined taper section at the
upstream end of each outlet Joined to a 58-inch Ensign-type
balanced valve. ‘

. Two of the 72-inch diameter outlets and one 58-inch diameter
outlet at elevation 3018 are comnected through steel discharge
Pipes to the lower end of the constr\wtion diveraion tunnel.

d. Five 60-inch diameter sluicing outlets 164 feet long
at’ elevation 2967. A 6-foot by 5-foot high-pressure gate 28-1/2
feet from the face of the dam controls the flow in each outlet.
Outlets are unlined except for a total of about 20 feet of
cast-iron lining immediately upstream and downstream from each
gate. These gates were designed for. operation under heads of
.not more than 75 feet. - i . .

2. . The 'present discharge capacity of the ten valves e.nd outlets at
elevation 3105 with the water surface at elevation 3210 (spillway crest)
is approximately 10,000 cfs. Since none of the balanced valves, under
mresent operating instructions, may be operated at more than about 100
"feet of head, this 10,000 cfs discharge rate represents approximately
the maximm mresent permissible discharge with the water surface at or

lower than elevation 3210.
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3. It is desired that a maximum flood control discharge rate of
20,000 cfs, with the reservoir water surface at elevation 3210, be
made mracticable, and that a discharge rate of 8,000 cfs for irriga.tion
be avallable in season.

4., vVarious means of incréasing the rate of discharge to the desired
amount have been considered, and some of the more feasible proposals
" are outlined below. In all instances, the outlets at elevation 3105 are
to be left unchanged, and no discharge fram the sluice gates (elevation
2967) is included.

I-A. Lea.ve all 58-inch balanced valves at elevation 3018
and the seven 52-inch diameter outlets unchanged except .that the
valves in the 52-inch outlets will have minor alterations made °
to seats. Under this proposal it is intended that all of the
elevation 3018 balanced valves considered shall be used to
discharge water when fully opened with heads up to 192 feet
(W. S. 3210), leaving the positive control valves to discharge
at partial openings when required 'at less than 100-foot heads
as at present. The seat alterations, to be determined and
checked by laboratory test using a model of the Shoshone
‘balanced valve now on hand, are expected to eliminate cavita-
tion to the extent that no more damage will be caused in the
elevation 3018 valves and outlets under the higher heads than
is now caused in the elevation 3105 installations. This damage, .
so far as 1s knowvn to this office, 18 not serious. The 58-
inch balanced valves at Shoshone Dam are similar in design
to the Arrowrock valves, and have been operated at heads up
to 215 feet without material damage to the valves. The Arrow-
rock elevation 3018 valves have also been operated at times
at materially higher heads than the recammended 100 feet.

.(Ref. correspondence and "High-Pressure Reservoir Outlets"
_by-Gaylord and Savage.) It is therefore proposed that, subject
to favorable reports resulting fram a thorough investigation
of the present physioal condition and. operating characteristics
‘of the elevation 3018 balanced valves,.and of the present .
condition of the 52-inch diameter outlets through which they
discharge, tests of a model-size valve of this type now avail-
able in the laboratory be made as suggested above, and, 1f tests
are satisfactory, the seats of the seven valves in the 52-inch
outlets be altered to correspond. This proposal provides a
high discharge rate at the lowest cost of any considered. A
section through the dam showing the outlets, and estimated
costs and discharge curves are attached hereto under Proposal
Fo. 1-A. .Valve seat alterations, as now contemplated, could,
be made without diamantling of the valves but would require
that the reservoir water level be dropped below elevation

3018 for a relatively short. time.



. I-B. Same as Proposal No. I-A but with all ten of the
elevation 3018 valves altered and the three 72-inch outlets
lined with 52-inch diameter concrete-backed steel pipe and dis-
charging into the diversion tunnel. This proposal gives the
highest discharge rate of any of the lower cost mroposals
considered. Estimated cost and discharge curves are shown
under Propoaa.l No. I-B.

II-A. In the, event that elther the results of labora-
tory model tests do not indicate that satisfactory discharge
characteristics can be obtained by valve seal alterations, or -
field reports indicate that Proposals I-A and I-B are not '
feasible, 1t 1s proposed that all balanced valves at elevation
3018 be left unchanged, but that the 52-inch outlets be lined
with 48-inch ID grout-encased steel pipe. It is expected that
the decrease in the size of the outlets will create enough
back pressure at the valve discharge orifices to virtually
eliminate cavitation. ILaboratory confirmation is awailable.
Cost and discharge estimates are given under attached Proposal
. IT-A. All work under Proposal II-A can be performed with
balanced valves closed and reservoir water level at any
elevation.

II-B. Same as II-A but with all ten elevation 3018
outlets lined with 48-inch steel pipe. Cost and discharge
data II-B are attached. Obviously, if tests indicate that
a compensating advantage will be gained, valve seat alterationms,
as under I, may also be made. '

ITI-A. ILine seven 52-inch outlets at elevation 3018 :
with 48-inch pipe as under IT-A and install a 5k-inch hollow-
Jet valve at the downstream end of each outlet. The present
58-inch balanced valves would be retained for emergency
closure. Under this proposal, elimination of cavitation
would be assured, and emergency closure of each of the seven
outlets would be provided. Estimated cost and discharge
curves are shown under ¥roposal No. III-A. Forty-eight-
inch lining and 54-inch hollow-jet valves may be added for
the three remaining outlets at elevation 3018, and discharge
curves are, shown for this condition, but the additional work
is not included in the estimates.

ITI-B. Same as Proposal III-A except. that the use of :
a modified hollow-<Jet valve 1s contemplated. It is believed
that the modified hollow-jet tube valve can be manufactured
at a lower cost than the present type of walve, and it 1s
expected that laboratory tests will show a higher discharge
coefficient. The valve 1s not yet out of the develomment
stage, but estimated cost and discharge curves are given
under III-B.



- 3105 1is included in ee.ch cage. - \

_ 5. .Other mrorpoaals have been omidmd, anong them being Proposal
IV, to enlarge the outlets to 72 inches, line them wvith 66-inch diamster
steel pipe, and install T72-inch hollow-Jet valves or 66-imch hallow-jet
tube valves after removing the 58-inch balanced valves and providing boll-
mouth inlets, a fired-wheel gate, and a gantry crans; and Proposal V, %o
"drive a new 16-foot dlameter outlet under the left side of the dam, .
with steel lining, upstream stop logs, and six 78-inoh hollow-jet vaJ.vu
or six T2-inch hollow-jet tube valves at the branched dovnstyesn end.
All of these .other proposals appeared too costly, impractical, or

involving dangemualy long periods of dopleted reservoir etorege.

6. A m'ble shoving the estimated cost and m::lmm disoharge for each
proposal is given below. Discharge fram the ten outlets at elevation

A

Proposal ' Estimated Max. disoharge
Fo. Description : cost cfs at res. Kl. 3210

I-A Modify seats on seven valves at El. 3018. $9,800 18,400

I-B Modify seats on ten valves at 1. 3018
and install 52-inch diameter steel , :
lining in three power outlets. 66,720 22,000

' II-A Install 48-inch diameter steel pipe ‘1ining ,
in seven outlets at El. 3018. 6’& 620 17,600

II-B Install U48-inch diameter steel lining in

seven irrigation and three power outlets ‘

at El. 301 A 118,830 - 21,000
ITI-A Install 48-inch diameter steel Pipe lining

and 54-inch liollow-Jet valves in seven

outlets at El. 3018. 29,724 16,800

Including 48-inch steel pipe lining in .

three power outlets at El. 3018. 301,934 20,000
ITI-B Same as III-A except install LDAQU_JQJ. ,

tube valves. 185,384 17,400

Including 48-inch ateel ripe lining in

three powver outlets at El. 3018. . 237,594 20,400

IV=-A lh]arge seven outlets at El. 3018 and
install 66-inch diameter steel pipe ' ,
lining and 72-inch hollow-jet valves. 655,17k 22,800

IV-B Same as IV-A except install seven 66- .
S inch hollow-jet tube valves. 519,910 - 22,800



~ Proposal , : Estimated Max. discharge
' FNo. o Description ' cost cfs at res. El.

V-A Install 16-foot diameter steel
conduit at El. 3045, station
3400 and install six 78-inch )
hollow-jet valves. $758,100 21,200

V-B  Same as V-A except install six . .
T2-inch hollow-jet tube valves. 517,800 21,200

7. The cost and discharge data have been prepared through Mr. B.
H. Staats and Mr. J. W. Adolpvhson. A copy of a mamora.ndum fram Mr D.
J. Hebert 1s also attached.

CC=Byron H. Staats
John W. Adolphson
D. J. Hebert through J. E. Warnock







Denver, Colorado

September 17, 1948

Memorandum

To: Chief Engineer
: Through Chief, Mechanical Division

From: W. C. Beatty

Subject: Alterations to Arrowrock Dam to accammodate backwater fram
Lucky Peak Reservolr and provide 10,000 cfs discharge
capacity fram present valve installation at reservoir

: elevation of 3118 feet and above.

- 1. The purpose of this report 1s to 1list and discuss same of the
main factors which should be considered in altering Arrowrock Dam to
meet the flood-control requirements stated in a teletype fram Regionmal

Diréctor, Region 1 to tI) Denver office dated August 18, 1948. The"
data given herein should be supplemented as additional information is
-obtalned. This report has been prepared at the request of the Chief
of the Mechanical Div:lsion J. W Ball and D. Colgate conaborated

in its preparation.’

2. The three dams, ‘Anderson Ra.nch, Arrovrock, and I.ucky Peak, vi].'l.
be used to control floods in the Boise River. It is understood that
the reservoirs above these dams will be filled in the order listed above
and emptied in reverse order. For opsration in this manner, the United
States Engineers' Office has indicated that-a minimum of 10,000 cfs
. outlet capacity will be required a.t Arrovrook for reservolir 1evels at

and a.bove elevation 3118. . :

3. Me following data will be considered in discussing these
factors: )

Arrowrock Dam

Elewation 3105 Outlets--Ten 58-inch needle valves-<52-inch condults )
Elevation 3018 Outlets--Seven 58-inch needle valves--52-inch conduits
Elevation 3018 Power outlets--Three 58-1noh needle va.lvee--72-inch
. conduits

. Elevation 2967 Sluice butlets--Slide gates--60-1nch diameter outlets
Elevation 3210--Spillway crest

"Flevation 3216--Maximum water elevation. : :

- Maximum heads on valves--Upper tier, lll-feet--Lower tier, 198 feet

- Lucky Peak Dam
Elevation 3060--}&x:lmm vater surface
Elevation 3020--Discharge 10,000 cfs--channel capacity



4. Since the outlets at Lucky Peak Dam are to be designed to
handle the maximm capacity of the river channel downstream, 10,000 cfs;
at reservolir elevation 3020, there seems to be no requirement for dis-
charging this amount fram Arrowrock when Arrowrock Reservoir is at -
elevation 3118 and Lucky Peak Reservoir is above elevation 3020. As
Lucky Peak Reservoir is to be filled last and emptied first, this con-
dition should seldam, if ever, exist. The discharge capaclty for var-
ious degrees of submergence of the conduits can be determined from the
attached graph.

5. The mmber of outlets- required to release 10,000 cfs fram'
Arroxrrock Reservoir, with a water-surface elevation of 3118 and Lucky
Peak Reservoir at or below eleva.t:lon 3020, is as follows: :

a. Assuming tha.t 17 valve outlets and 1 power .conduit will
be used and that there will be no alteration to prevent
cavitation at high heads except to the power outlet

7 lower outlets, 930 cfs each 6,510 cfs

1 power ‘conduit (altered) - -+ 855

10 upper outlets, 334 cfs each ' 3,340
Total 6utlet capacity 110,705 cfs

b. Assuming the same number of conduits will be used and
that the seven lower valve outlets and one power
conduit will be altered to prevent cavita.tion at -

high heads

7 lower outlets (altered) 855 cfs each 5 ,985 cfs -
‘1 power conduit (altered) 855 cfs 855

10 upper outlets (no alterations) - 3,340
. 334 cfs each : ‘ v
Total outlet capacity 10,180 ofs

The above quantities are based on the discharge curves obtained from - -
the model and-contained on the -attached graph. The sulmergence

caused by Lucky Peak Reservoir being at elevation 3020 has not been
considered in making the foregoing estimates; thus the .actual ca.pa.city
may be slight.Lv less than indicated a‘borve. .

6. It is not good engineering to assume that all 18 outlets are
available for use 100 percent of the time. The decrease in capacity
due to same of the valves being inoperative should not be critical
howvever, since the capacity increases rapidly as the water surface in
Arrowrock rises. TFor instance, if we assume that only 8 upper and 6 -
lower outlets (altered) can be used to release water fram Arrowrock

. Reservoir, it would be possible to discharge 10,000 cfs with the water
surface at approximately elevation 311&0 and Luclq Peak Reservoir at or
below elevation 3020. )



T. No alteration to the upper-tier outlets is comnsidered at
this time since 1t 1s assumed that the cavitation which will occur in
these conduits when the reservoir elevation is above 3180 will not be
too destructive. A fileld inspection of the upper outlets would
determins whether this assumption is correct.

8. Although the power conduits contain 58-inch Ensign valves,
which are the same size as those in the outlets, the condults expand
to T2 inches in diameter immediately downstream. This expansion
tends to increase the severity of cavitation to such an extent that
restriction of the downstream ends 1s considered necessary to assure
satisfactory performance at the operating heads.

9. It is understood that all of the .outlet valves will be
elther wide open or closed. If such 1s the case, no consideration
need be given to the fact that cavitation occurs on the needle tips
at small openings.

10. Consideration should be given to the unlined portion of the
lower outlets which will be subjected to pressures not contempla.'ted
in the original design. The pressure within a conduit might be as
much as 4O psi, assuming operation of the outlet (altered with fnll
reservolirs at Arrowrock and Lucky Peak.

11. Since the 58-inch valves at Arrowrock are identica.l to those :
used at Shoshone Dam under 220 feet of head, they should prove as
eatiefa.ctor_y mechanically under the lower head at Arrowrock.

12, Extensive repairs to the valves may be required before they
can be used for flood control. An inspection of the valves would dis-
close what parts need to be replaced and purchase could be made so .
that the work could be scheduled to avoid loss of time. The expense
of making the repairs can be kept to a minimum if the work can be
performed when the Arrowrock Reservoir is at or below elevation 3011.
By using stop logs and bulkheads, it would be possible to work on the
valves with the reservoir at elevation 3028. Records in this office
for the period between 1918 and 1935 show an average of 2 weeks per
year in which the reservoir is below élevation 3011. With proper
regulation of the discharge fram Anderson Ranch Dam, it is probable
that the reservoir could be hept at or below tms elevation fran 2
to 3 months ea.ch year. s .

13. Any additions or alterations neceesary to accamodate the

backwater fram Lucky Peak Dam will be the same whether or not the valve

~ outlets are -altered to permit cavitation-free operation at high heads.
Estimates and drawings have been prepared by the Dams Division for
this work and transmitted to the Regionmal :Director 'by letter of

August 27, 19l+8 .

'14. An examination of pertinent. d.ra.vings shows that steel-pipe
extensions have been made t6 one 52-inch outlet and two T72-inch power

3
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conduits in order to discharge their flow down the sloped entrance of
the diversion tumnel. If the extensions are still in place, 1t will -
be relatively easy to rearrange them to discharge the flow fram. these
conduits directly into the river chammel, immediately downstream fram
the dam. The unlined rock wvalls of the diversion tunnel might be )
damaged if there is any tail water effect fram Lucky Peak Dam and the
flow fram these pipes i1s allowed to discharge into the tunnel.

15. The proposed scheme of routing the flow through the three -
reservoirs to maintain maximum head and storage for gemerating
power at Anderson Ranch Dam is very good. Better flood protection
would be obtained by filling Lucky Peak and Arrowrock to elevations
3020 and 3118 respectively, before canpleting the filling of the reser-
voirs in the order mentioned.

16: The cost of placing & wedge or choke in the downstream end
of each lower outlet and one power conduit, to prevent cavitation at
_ high heads, would be relatively "amall.

17. Model tests of the Arrowrock outlets show that cavitation
may be expected at heads in excess of 75 feet when no restriction of
the conduit is made. This action may or may not be critical in the
case of the upper outlets when operated under the maximum head of 111
feet. If prolonged operation under higher heads 1s necessary, as might
be the case for the lower conduits, there 1s certain to be severe
cavitation. The results of a thorough inspection of the valves and
.conduits as they exist at the present time should be used as a guide
in determining the need for alteration. It is possible to eliminate
cavitation in any outlet by placing su:fi’icient restriction at its
downstream end.

18. In view of the information set forth in the preceding
pragraphs, it is recammended tha.t- _

a. Discharge curves for the Arrowrock outlets, with and
without alteration of the conduits to permit cavitation-
free operation at high heads, be furnished the proJect

b. A cost estimate be prep&red and a working plan developed
for rerairing the valves, 'ba.sed on the results of a field
' Inspection -

c. The 1ower-tier outlets and one power conduit' be provided
with same type of restriction at their downstream ends
to enable operation without serious damge fram
cavitation *

Enclosure (1) Z
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