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. SUbject: Hydraulic model studies of the F-nsisn balanced val.vile-� 
Arrowrock Dem. · 

PCJRPOSE OF STtJDil!'S 

When the Ensign valves at Arrowrock Dem ar19 allowed to discharge 
under high heads·, severe caVitation results whi�h-�s the outlet 
conduits. by pitting. The proposed operating schedule for flood control 
re.quires that the valves be. operated at heads up to double that now 
considered to be tb,e-allowable max:fmlllD.� B)draullc studies were made 
on a model of one of the lower irrigation outlets to detem.ins .the 
feasibi�ity of making minor al.terati!)ns to the valve seat rings. to 
eliminate or materially reduce au.oh oaVitation so that flood control 
requirements might be met. 

CONCLtBIODS 

Ml.nor alteration (streamlining) ·of the valve seat rings ·would 
increase the outlet cape.ci t7, but would not ·improve the· pressu,re 
conditions ·in the .valve throats sufficient.11" to prevent damaging 
caVitation at· high heads. Only b7 a major reVision ot the "8l.Tes, 
or b7 restricting the flow areas downstream from. the "8l.Tes1 would 

· it be possible to prevent severe oaVitation and damage to the 9onduit. 

BEC(H(BlN])ATIODS 

In view,of the results of the model investigation, it 111·reocmi.ended 
__ that no alteJ"B,tion be made to the valves, but tbat each ot tlle seven 

52-inoh lover valve outlets·ana. one 72-ino-h-power oondu1:t outlet at 
elevation 3018 be provided with same form of restriction, _perhaps .ot 
the wedge-like shape used 1n the model stud7, to raise· the _pressure 
gradient within the conduit, thereby- pe•tting sate·operation under 
high heads. It is recommended also tbat the discharge ends · of the 
52-inoh outlet and .the 72-inoh power conduit, wh1oh have steel.pipe. 
extensions leading to the sloped entran.oe of the diversion tunnel, be 
l"earranged to allow the flow to discharge directl.T into the river 
channel, thereby- eliminating 8Jl1' damage which would res,µt tram. the. 
turbulent flow if these outlets were allowed to discharge into the 
diversion tunnel _when it is filled by- backwater :f'ram Luolq Peale 
Reservoir. 
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HISTORICAL BACmR0UND 

With the developn.ent of water and power resources·on the upper 
reaches of the Boise River, plans for·;rnting floodwaters through the 
reservoir at .Arrowrock Dam have became increasinsJ-7 important. Farl.J' 
studies indicated that it would be necessary to provide a max1m.um 
capacity of 20,000 cubic feet per second with the Arrowrock Resenoir 
at elevation 3210. Such a discharge would require the use of 8 of the 
10 elevation 3018 outiets and all of the elevation 3105 outlets, -
(Figure 1). The elevation 3oi8 outlets would have to be altered in same 
·Tay, or .perhaps completely revised, since the Ensign valves controlling 
the release from these outlets cam:JOt.be operated under high heads 
without causing severe cavitation erosion tQ the outlet tunnels. 

· Several alternate schemes for providiris the required caJE,city, 
including proposed arrangements, discharge capacities, and -cost 
estimates, were outlined in a memorandum frail W. G. Weber to W. c. 
:Beatty, dated May�, 1946, (Appendix I), which was transmitted from 
the De� office to the Region 1 offic� by a letter -dated August 20, 
1946. Cost est:flnates for model tests and other design work, required 
to determine the most economical and feasible plan, were requested b7 

'the Regional office in a letter dated October �, 1946. . Plans IA and 
IIA, listed in the memorandum mntioned above, were considered most 
likely to satisfy the oa.paciv requirements at a reasonab;l.e cost and 
were submitted to the region by a letter dated December 24, 1946. 
Authorization to proceed with the studies.needed to dete:rmine the 
feasibility of Plan IA, involving minor alterations to the valves in 
the prox1.m.1ty of the seat rings., was contained in a letter from the 
Regional Director to the Chief Engineer, dated April 19, 1948. A 
request for model studies relative to this plan ·was made by the Read 
of the Medhanical DiTi;sio� in a memo�dum. to the Chief �neer, 
dated May 13, 1948., and approved on le.J' 28. The lliodel investisa,tion was 
started: shortl7 thereafter and the te�ting was ccinpleted in September 
1948. - . 

A teletype dated August 18., 1948, from the region to the Denver 
office revised th� discharge caiaci ty requirements for fl.ood coiitrc,l. 
In the revised plans, it was desired that a ca.iacity c4 10,000 cubic 
feet per second be available when .Arrowrock Resenoir was at elevation 
3118 and Luc]q,Peak Reservoir at or below elevation 3020. Upon receipt 
of the above teletT,pe, Mr. w. c� ':Beatty, Consulting Engineer., was 
requested by the Read of the Mecham.cal Division to Cm.pile information 
relative to the -.Arrowrock problem.. The infol'Jllation was presented in a memorandum dated September 17, 1948., from Mr. Beatty to the Dhief 
Engineer. The memorandum. is contained in this report as .Appendix II. 
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!ID INVESTIGATION 

Description of the mode1. The hydrau1ic model utilized in the study 
of the �ck outlets consisted of a high-pressure steel tank:., a 
1:8-2/3 scale bronze model valve., and a eection·of braes pipe to repre-· 
sent the discharge conduit., (Figure "2). .The model had been used 

· previously for an·investisation. of conditions ·in the outlets at.Shoshone 
Dam. S�ctione of the valve throat were removed as shown in Figure 3 to 
streamline the passage and make it conform.with the alterations set 
forth under Proposal IA in W .- G. Weber'·s memorandum. to W. C. Beatty., 
(Appendix I). Nine f piezameter open1nss were placed in the seat ring 
and throat of the model valve to enable a study of the pressure 
condi ti one at critical points; The shut-ott plunger ., arranged in1 tially 
to be operated hydraulically., was looked in the 1"u1ly open position for 
the tests., since it was planned that the prot9type valve wou1d not be 
operated at partial 9penings. 

Effect of ·strea':llilining the valve seat ring. An increase of about 
1-1/2 percent �n the dischar� capacity was realized rlth the ,minor 
throat alteration., (Figure 7). Severe negative pre·seures were measured 
on the seat ring and in the throat illl:llediately downstream., when the 
model was operated at heads corresponding to f'ram. 100 to 200 feet proto-·. 
type ., indicating that caVitation., which llmite 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 JD8.Jor reVisions of the valves 
would be required to obtain satisfactory �ssure conditione,-but it was 
considered impracticable to make these revisions even·th�ugh an increase 
in capacity would be realized. 

. Since the most severe suba:bnospheric pressure in the region of the 
valve seat was immediatel.T downstream frCD-tb.e seal recess of the seat 
ring., · it .seemed possible that tJlis condition mig)lt result frclll a 
seiaration of the.flow from the boundary at the sharp-downetrea;m. edge 
of the recess. To determine if such was the case the recess was filled 
w1 th beeswax and formed to the contour of the valve throat. The 
pressure distribution ·in the yicin,1ty t:>f the seat ring and the discharge 
capacity remained unchanged; thus ., ·it vas .concluded that the recess had 
no influence on the valve charae>teristics. 

· . Ef:tect. of increasing neeclle-tiJ> 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 tmn·8 inches in.diamet,.r·for .the prototype, so the 

· mo4el was. altered vi th this i� mind. There was. no improvement· 1n the 
lftasure conditions and furthe� study 'of this treatment was not made. 

- . . . � . 
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Effect of tunnel restriction. It became evident that satisfactory 
operation of' the outlets at .Arrowrock Dam could not be obtained by 
making minor alterations to the valves. Restricting the flow area at 
· the en ts of' the conduits was considered to be the next logical step 
to ootain satisfactory operation. · The trea:bnent was not new; l1 t had 
been investigated previously in connection with the el�tion of 
cavitation pressures on the walls of' the Arrowrock power conduits and· 
found most effective. It was real:ized that some reduction in discharge 
ca}8city would result from. restricting the f'J.ow area., but whether this · 
reduction would be sufficient to make the plan impracticable was not 
known. The model study., therefore., resolved into tests concerning 
pressure conditions within the outlet conduit and changes 1n discharse 
ca}8c1ty resulting :f'ram. 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 sizes were placed in the conduit at its downstream end ., 

(Figure 5) ., and pressure and discharge measurements :made.. Curves· were 
prepu-ed show1Dg (1) the m1ntnnm pressure a't the critical zone in the 
"falve throat versus depth O'f the wease restricting the end of' the conduit., 

and (2) the discharge for various depths of' the restr1ct1Dg wedge., 

(Figure 6). Aseuming an allowab1e minimum pressure in the valve throat., 

the size of the restrictins wedge necesSB.1'7 to give tbat pressure may be 
deter.mined frClll Figure 6. . · 

· 

It was be1ieved tbat there would be little danger of' cavitation if' 
the m1n1mum. throat pressure was 11m1 ted to· -15 feet of .water when the 
outlets were operatins at :maxtni'IUII. head. The wedge thickness for this 
m »tnana. 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 approxilllately the 
same discharge as an irrigation outlet., the total ca}8city of the J.8 
ou-Uets would be about 10, 200 cubic feet per second with the water 
surface 1n ArroWrock Reservoir at elevation 3118, (Figure .7). -

. / 

Even,vith the twm.ei restriction it is possible that cavitation 
w11i- occur in small areas Just downstream f'ram. the "V" guides when 
the outlets are o_perated at high heads�· Buch action would be 
concentrated on the metal parts of the throat l.iners where resistance 
to erosion would be a max1mum and therefore could perhaps be.tolerated 
for the short periods the valves would be in operation. Ca.vi tation 
could be eliminated by providi»e larger tui:mel restrictions, but the 
use of at least two power conduits YOuld be required to realize the 
desired discharge. An investigation of the mar1nnm pressures w1 thin 
the conduits should be made if larger restrictions are to be used. 
This pressure might be of such magn1 tude as to require lining of the 
conduits. ' 
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OaVitation begins in the present 1rrisat1on outlets vhen the head 
is approximately 75 feet; thus, same damage is to be expected 1n the 
upper tier outlets vhen they are operated for long periods at-heads 1n 
excess of this figure. 

I 
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Denver 2, Oo.lorado 

May 27, 1946 

Memorandum. to ·Ml-. W. C. Bea tty 
(w. G. Weber) 

Subjeot: Alteration of outlets at Arrowroot Dam, Boise Proje¢t, 
Idaho. 

Dam: 
1. There are at preee�t the following openings through Arrowroo_k 

. I 

a. Ten 52-inoh diameter outlets at elevation 3105. 00. Each 
outlet is approximately 70 :feet long, with concrete wall.a except 
for about 28 feet of cast-iron lining at the upstream end. Each 
outlet is closed at its upstream end,by a 58-inoh Eneign.-tn,e 
'M.Janoed val.ve, with three of the ten valves equipped with posi­
tive controls for regulation • 

. b. Seven 52-inch di�ter outlets at elevation 3018. Each 
outlet is approximately 128 ·:reet long with walls, lining, and 
control valves (including three positive oontrole) as at 
elevation. ·3105. 

c. T.bree 72-inoh diameter outlets at elevation 3018, conorete­
walled exoept for a 28-foot caet-iron-.lined taper section at the 
upstream end of each outlet joined to a 58-inoh Ensign-type 
balanced valve� , · 

Two of the 72-inoh.diameter outlete·and one 58-inoh diameter 
·outlet at e;Levation 3018 are connected through steel discharge 
pipes to the lower end of the oons�tion diversion tunnel. 

d. - Five 60-inoh diameter �aj.OillS outlets 164 feet long 
at· elevation 2967. A 6,-foot by 5-foot h1gl;l-preeaure gate 28-1/2 
feet :f'rcm the face of the. dam controls the flow in each outlet. 
OUtlete are.unlined exoept for a total of about 20 feet of 
cast-iron 11nine 1mmed1ately u,pstream and da,mstream :f'rcm each 
gate. These gates were desisned fo,;.operation under heads of 
_not more than 75 feet,. 

2 •. Tb.elpresent disc�ge capacit7 of the ten valves and outlets at 
elevation 3105 with the water SlU"f'ace at elevation 3210 (spillway crest) 
is appro.ximately 10,000 cfs. Since none of the 'be.Jariced valves, under 
pt'esent operating instructions, ma7 be operated at more tban about ;LOO 

·feet.of head, this 10_,000 cf's discharge rate represents approJCilllatel7 
the max1lmml. present permissible discharge w1 th the water surface at or 
lower tban elevation 3210. 

- -

� �,·' . 
�./' : /·-



/ 

3. It is desired tl:Jat a JDB.X1m'Qlll f1ood control discharge rate of 
20, 000 eta, with the reservoir water surface at elevation·3210, be 
made practicable, and that a discharge rate of 8,000 c.fe for irrigation 
be avail.able in season. · · 

4. Various means of increasing the rate of discharge to the desired 
amo1mt have been considered, and same of the more feasible proposals 

� are outlined below. In all instances, the outlets at elevation 3105 are 
to be left unchanged, and no discharge f'ram. the sluice gates {elevation 
2967) is included. 

_ I-A. Leave all 58-inch balAnced 'V'.B,lvee ·at elevation 3018 
and the seven 52-inoh diameter outl.�te unohangei except ,that·the 
valves in the 52-inoh outlets will have minor alterations :made 
to seats. Under this proposal 1 t is intended that all of the 
elevation 3018 balanced valves cone-idered shall be usea. to 
discharge water when :f'ul.1y opened w1 th heads up to 192. feet 
{w. 8-. 3210), leaving the positive control valves to discharse 
at partial. openings when required'at less tban 100-foot �s 
as at :present. -1b.e seat alterations, to be determined and 
checked by l.aboratory test using a model of the Shoshone 

•balanced valve now on hand., are expected to el:IJn.:tnate cavita­
tion to the extent that no more .c:lemage·will be ·caused in the 
elevati"on 3018 -valves and outlets under the higher heads than 
is now caused in the elevation 3105 installations. Thie damage, . 
so far as is known to-this office, is not serious. !I!b.e 58-
inch"balataced valv�e at Shoshone Dam are e:imilar in design 
to the Arrowrock valves, and have been operated at heads up 
to 215 feet without material de.me.ge to the valves. 1b.e Arrow­
rook elevation 3018 valves have also·been-operated at times 
at materially higher heads tban the reoammended 100 feet • 

. (Ref. correspondence and "Righ-Preseure Reservoir Outlets·" 
, _by. Gay.lord and 8aVM9.) It is thet-efore :proposed that, subJeot 
to :f'avore.ble reports resulting f'ram. a thorough investigation 
of the :prea.ent phJ'sioal oond11;ion and-operating characteristics 

·of the elevation 3018 balanced valves,.and of the/present 
condition of·the 52-inoh diameter outlets through which they 
discharge, tests of a model-size valve of this tn,e now avail-
able in the l.aboratory �e made as suggested a�ove, and, if tests 
� satisfactory, the seats of the seven valves 1n the 52-inoh 
outlets be altered to OOfl"espond. This :proposal :provides a 
high discharge rate at the· lowest cost of 8.rJ7 OOllSidered� A 
section. through. the dam showing the outlets, and estilna.ted 
costs and discharge curves are attached .hereto under Proposal 
Bo·. 1-.A,. . Valve seat alterations, as now contemplated, coul� 
be made vi thout dismantling of the valves but would require 
that the reservoir water level.be ·dropped below elevation 
3018 for a rel.ativel.y short.t:fme. 

2 
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. I-'B. Same as Proposal. No. I-A but with all ten of the 
elevation 3018 valves altered and tl;le three 72-inch outlets 
lined with 52-inoh diameter concrete-backed steel pipe and �is­
charging into the diversion ·tunnel. �s }lroposal gives the 
highest discharge rate of any of the lower cost proposals 
considered. Estimated cost and discharge curves are shown 
under Proposal No. I-'B. 

II-A. In the event that eithet the results of labora­
tory model tes�s 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, it is proposed tlla,t all bal..anoed valves at elevation 
3018 be left unchanged, but that the 52-inoh 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 tb,e valve discharge orifices to virtually 
eliminate cavitation. Laboratory confirmation is available. 
Cost and discharge estimates are given tmder attached Proposal 

. II-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 alterations,. 

as under I, 1/JAY also be made. 

III-A. Line e,even 52-inch outlets at elevation 3018 
with 48-inch pipe as tmder II-A and install a 54-inch· hollow-, 
jet valve at the downstream end of each outlet. The present 
,58-inch balanced valves would be retained for �rgency 
closure. Under this proposal, el1m1nation of c;,avitf,Ltion 
would be assured, and emergency closure of each of_ the seven 
outlets would be provided. Estilna ted cost and discharge 
curves are shown under '!Toposal No. III-A. Forty-.eigl;lt• 
inch lin1Il8 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 estuiates. 

III-'B. Same as Proposal III-A except.that the use of 
a modified hollow-;Jet valve is contemplated. It is believed 
that the modified hollow-Jet tube valve can be manufactured 
at a lower cost than the present type of valve, and it is 
expected that laboratory tests will show a higher discharge· 
coefficient. The valve is not yet out of the developnent , 
stage, but estilllated·cost and discharge curves are given 
imder III-'B. 



5. . other Jll'OPOIBls haw l>een. ocmaiiere4, awcmc tba 'beiDg 1Jio,oaal. 
'lV, to enlarge the outl.ets to 72 imbea, 11m tha. 111 tb. 66-1Dah c1111118'te1' · 
steel. ·p1pe, &D4 1DatA1J. 72•inoh lloll.alr-.1et Tl!ll.wa or 66:..imll �-.1•t ·_ 

_ tube 'ftll.ves after raonus tbs 58-inah baJanoed Tl!ll.wa u4 JlftW141Ds ,-n.� 
JIOllth . inlets, a :fiDd..-hael aa:t,e, and a aim.t.17 c:ram; an.a P.rop,ail·T, 111,-· 

· 4r1 � a nw 16-f'oot cl1aeter ou.tlet 1IDder ;the le� �ide et the a.., ._ 
With steel. lining,· �treaa Stop lop, �- BU: 18•1nah lloJ.lolr•.1et Tl!IJ.'998 

. or au: 't?·inch hollow-Jet tube T&l.ves at the 'branohe4. c1oirDlrt'8Ul em.· 
All of' these -other Jll.'Opoaala appeared too -ooe�, mpraotioal, ar. 
1n't'ol.T1ng a&ngeroual.7 J.ons periods of' depleted reaernir atonge. 

6. A 'table sharing the _es�blated coat _and J1BT1m111 41aoha.rge f'or each 
propoaal is g1T81l belOlf' � · D1sclJarge· frca the ten out.lets at el.natio)1 · · 
3105 is 1DalU&\ed in each oase. · · 

.\ 
Propoaal. ,, .Bo. 

:Batmated · Mu:. d1solJarse 

J;._t 

I•'.B 

II-A 

II-B 

III-A 

III-B 

'lV•A 

'lV-B 

Description. oost cf's at res. ll.. '219 

Modif'J' seats on seven valves at n. ,OJ.8 •• 9,"800 

Mocl1f'7 seats on ten '98.lves at J:l.. 3018· . ' 
and install 52-inch d1amater steel-
lin1ng 1n tbree power outlets. · 66 ·720 ,. 
Install 48-inoh d1amete;r stee1 pipe · 11n1ng 
in. seTen outlets· at n. :,018. . 64,620 

Install 48-inoh diameter steel l.1n1ng 1n 
seven 1��ion and three power oat1ets 
at El. 30l. • - ll.8,830 ' 
Install 48-inch diameter steel pipe·°lining 
and '4-inah liollow-Jet ·'98.lves · in aeTen 
out.lets at .El. 3018. . 249, 724 · 
Inclu41Dg 48-inoh ·steel pipe lining 1n . 
tbree power outlets· at Bl. ,018. ,01,9'11, 

Same as. ·III-A except install holl.aw-3et 
tube 'VBJ.ves. . ..

. 

r;:;c;ruding · 48-inoh steel'. pipe lining in 
tbree :pc,ver outlets at El. 3018. 

Enlarge seven out.lets at EL. ,018 and 
install 66-inch diameter steel pipe 
lin1ng and 72-inch hollow-Jet 'VBJ.ves . ... 

Same as -IV-A except install seven.66.; 
inch hollow-Jet :E!l?!,.'98.lves. 

4 

185,384' 

2�r,,;J,. 

655,174 

519,910 

18,400 

. 22,000 

17,:600 

21.,000 

J.6,800 

20.,000 

17,400 

20,400 

22,800 

22,800 



1-

Proposal l!jstimated Max. discharge 
No. Description cost cfs at·res. El. 

V-A Install 16-foot diameter steel 
conduit at El. 3ol,.5, st.atiori 
3+00 and install six 78-incli 
hollow-jet valves. $758,100 21,200 

V-B Same as V-A except inst.all six 
72-inch hollow-jet tube valves. - 517,Boo 21.,200 

7. The cost and discharge data have been pre,P3,1"8d through Mr. B. 
H. Staats and Mr. J. W. Ado1J]hson. A copy of a memorandum. frcm Mr • . D. 
J. Hebert is also attached. 

CC-Byron H. Staats 
John W. Adolphson 
D. J. Hebert through J. E. Warnock 
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• I To :  

Dennr, Colorado 

$eptamber 17, 1948 

Chief' Engineer 
Through Chief' 1 Mechanical Division 

, 
Fram: w. c. Beatty 

SubJect : A1terations to Arrovrock Dam to accommodate. back.water frail 
Luoq Peak Reservoir and provide 10, 000 cf's discharge 
caJB,city frail present valve installation at reservoir 
elevation of' 3ll8 feet and above . 

l .  !lb.e purpose of' this report'· i s  to list and discuss sane of' the 
main factors which should be considered in alterins .Arrowrocic Dam to · 
m.eet the flood-control requirements s:tated in a teletn,e n-am, Regional 
Director, Resion l to tl > Denver office dated Augllst 18, 1948 . The ·  
data s1ven herein should be suppl.eme�ed as additional inf'cmnatian is 

· obtained . This : report has been prelB1'9d at the· request of' the ·  Chief' 
of' the Mecham� Division. J .  w. :Ball and D .  CoJ.sate collaborated 
in its pre:pa.ration. · 

2 • . !lb.e tbree dams, ·Andwaon �, Arrowrook, and Luclq Peak, will 
be used to contro1 . floods in the :Boi•e Riyer. It is 'lmderstood that · 
the reservoirs above these dams v1li be :fille4 in the order listed above 
and •ptied in z-everse order ._ · For open.tian in tbie mermer, the United 
States Engineers • Office has imicated tbat : a  m1n:1Jlmm. r4 10, 000 cf's . 
outlet caJB,cit7 will be requil'ed at Arrowrook tor reservoir levels at 
and above elevation 31].8. · ·. . · · · - ·· . 

3 • . !lb.e f'ollowtng . data will be OODSidered. in cUaoussins these · 
factors : < 

. 
. 

1 

Ai'rowrook Dam . 
' 

Elevation ·3105 OUtlets-,-Ten 58-inch needle 'VBJ.ves--52-inch ·conduits 
Elevation ,018 OUtlets--Beven 58-inch needle valves--52-1nch conduits 
Elevation ,ol8 Power outlets-� 58-inoh needle valves--72-incll 

conduits . · · · 1 

Elevation 2967 Slui·oe ou.tlets--SJ.ide gates--60�1nch diameter outlets 
Elevation ,210--Sp1ll.va7 crest · 

. El.evation 3216�-Maxilmml -'Water elevation. 
· Marlmm, heads · on  valves .;.-lJpper tier, lll-i'ee�--� tier, 198 . feet . 

Lucky' Peak Dam 
, 

Elevation 3o60--Max1Jrmm. vater sur.t"aoe 
Elevation ,020�-Discharge 10, 000 cts--CDJarmel caJB,cit7 



.4 .  Since the outlets at Lucky Peak tam. are to be designed to 
bancll.e the ma:dnnnn oap1,cit7 of the river· channel. downstream, 10, 000 cfs; 

I at reservoir elevation 3020, there seems to be no requirement for dis-
charging this amount from. Arrowrook when .Arrowrock Eeservoir is at 
elevation 3118 and tucq ·Peak Reservoir is above elevation 3020 . As 
Luclq Peak Reservoir is to be filled last and emptied first, tbis con­
dition should seldan, if ever, exist . '1'tJ.e discharge �p1,cit7 for var­
ious , degrees of submergence of the conduits oan be determined: frail the 
attached graph . 

I 

5 .  'Dle nUDl.ber of outlets - required to release 10, 000 cf's from.' 
Arrmrrock Reservoir, with a water;,.surf'ace elevation of 3118 and Luclq 
Peak Reservoir at . or below elevation 3020, is as follows : . . -. . 

a .  Assuming that 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 
l :power ; conduit (altered) 

10 upper outlets, 334 c.fs each 

6, 510 cfs 
855 

3,311;0 

Total outlet oap1,cit7 

b .  Assuming the same number o'! conduits vill be used � 
that the seven lower valve outlets and one power 
conduit will be altered to prevent · cavitation at 
high heads 

· · 

7 lower outlets 
i
altered) 855 cf's each 

· 1  :power conduit altered) . 855 cfs 
10 UJJP3r. outlets no alterations ) . 

· 334 cfs each · ' 

Total outlet 0&JBCit7 

5, 985 cfs 
855 

3,340 

10,l.80 pfs 

The alrove quantities are based on the discharge curves obtained from. 
the model• and - contained on the -a�taohed graph. The submergence 
oaused b7 Luclq Peak Reservoir being at elevation 3020 has not been 
considered in :making the foresoing estimates ; thus .the .actual cap:M)it7 · 
DA7 be sligh� less than indicated above . , ·· · 

6 .  It is ·not good engineering to assume that all 18 outlets are 
available for use 100 percent of tbe t1llle . 'Dle decrease in oap,.ci"t7 
due to scae of' the valves being inoperative should not be -critical 
however, since the ca1B,cit7 increases rapidl7 as the water surface 1n 
·Arrowrock rises . For instance, if we assume that only 8 upper . . and 6 · 

· lower outlets (altered) can be used to rel.ease water fram. Arrowrock 
. Reservoir, it would be possible to discharge 101 000 cfs . with the water 

surface at approx:lmatel7 elevation 3140 and Lucky Peak Reservoir at or 
bel� elevation 3020. 

' 

,/ 

, 



7. No alteration to the upper-tier outlets is considered at 
this time since it is assumed that the cavitation which will occur in 
these conduits �hen the reservoir elevation is above 3180 will not be 
too destructive. A field inspection of the upper outlets woul.d 
determine whet�r this assumption is correct. 

8. Although the power conduits contain ,58-inch Ensign va1ves, 
which are the same size as those in the outl.ets, the conduits expmd 
to 72 inc�s in diameter immediately downstream. Tb.is e%J8Il,Sion 
tends· to increase the eeverlty of cavitation to such an extent that 
restriction of the downstr�am. �nds is considered necessary to assure 
satisfactory performance at the operating heads. 

9. It is understood that all of the . outlet va1ves will be 
either wide open or closed. If such is the case, no consideration 
ne�d be given to the fact that cavitation occurs on the needle tips 
at sma1.l openings. 

10. Consideration ehoul.d be given to the unlined portion of the 
lower outJ.ete which will be subjected to :pressures not contemplated 
in the original design� The pressure within a conduit might be as 
much as 40 psi, assuming operation of the outJ.et (altered) with full 
reservoirs at Arrowroek 8.+1d Lucq Peak. 

11. Since the 58-inch valves at .Arrowrock are identical to those · 
used at Shoshone Iem under 220 feet of head, they shoul.d prove as 
satisfactory mechanically under the lower head at .Arrowrock. 

12 . · Erte�ive re];)airs to the va1ves may be required before they 
can be used for fl.ood control. An inspection of the va1ves woul.d die:.. 

close what parts need to be replaced and purchase coul.d 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 min:flnum if the work can be 
performed when the .Arrowrock Reservoir is at or. below eleva:tion 3011. 
By using stop logs and bulkheads, it would be possible to work on the 
va1ves with the reservoir at elevation 3028 . · R�cords in this oflfioe 
for the period between 1918 and 1935 show an average of 2 weeks per 
year in which the reservoir is ·below elevation 3011. With proper 
regulation of the . discharge f'ran .Anderson Ranch Dam, 1 t is probable 
that the reservoir could be kept at or below this elevation frca 2 
to 3 months each Teal'• . · _; · , 

13. An7 additions or alterations neces88.l'7 tQ acccmmiodate the 
backwater from Lucky Peak Dam will be the same whether or not the valve 
outlets are -altered to pel'mit cavitation-free operation at high heads . 
Est:1.matee and drawings have been pre:i;ared by the Dams Division for 
this work and tranam1 tted to the Regional Director by letter of 
August �, 1948. , . .  

· 14. An e:mm:1.nation of pertinent. drawings shows that steel-pipe 
extensions have been made to- one 52-inch out1et and two 72-inch power 

3 



conduits in order to discharge their flow down the sloped entrance of 
the diversion tunnel . If the extensions are still in place, it will · 
be relatively eas7 to rearrange them to discharge �e flow from., these 
conduits directly into . the  river cmµmel, immediately downstream :f'ram 
the dam. The unlined rock walls of the diver.sion tunnel might be 
aamased if there is any tail -.,ater effect ·frall Luclq Peak Dam and the 
flow from these pi_pes is· allowed to discharge into the tunnel . 

i · 15 . The proposed scheme of' routing the flow through the three · 
reservoirs to maintain· m.:dmum head and storage for generating 
paver at .Anderson Ban.ch Dam is ver;r good . Better flood protection 
woul.d be obtained b7 filling Lue-lq Peak _and Arrowrock to elevations 
3020 and 3118 respectivel.;r, before canp].eting the filling of the reser-
voirs in ·the order mentioned. 

16 : The cost of placing a: wedge or choke in the downstream e� 
of each lower outlet and one parer conduit, to prevent cavitation at 
high heads, would be relatively -small. 

17 . Model tests of the .Arrowrock outlets show tbat cavitation 
JDB:7 be expected at heads in excess of' 75 feet when no restriction of 
the conduit is made . !lhls action 'JIJA7 or ma.7 not be critical. in the 
case of the upper outlets when operated under the mar1m1m1. head of lll 
feet . If prolonged operation under higher ·heads is necesaar;r, .as mis):lt 
be the- case for the lolrer conduits, ta.ere is certain to be severe 
cavitation . The re�ts of' a thorough inspection of the valves and 

. conduits as the7 exist at the. present time should be used as a ¢de 
in dete1"111D1ng· the need for alteration_. It is possible to el1m1nate 
cavitation in &IJ1'- outlet b7 placing sufficient restriction at its 
downstream end . · . · · . 

.18. In Tiff of the information set . forth in the preoedii:lg 
p.ragra�, it is rer-�ended tbat: _. 

a .  Discharge curves for the Arrowrook outlets, with ana' 
without alteration of the conduits to permit cavitation­
free operation at .high heads, be :l"urnished the pro3ect · 

b .  A cost estimate be prepared and a working p.lan developed 
· .  fpr repairing the T&lves, based on the results_ of a fi�d 

· �pection 

c .  The lower-tier outlets and � power conduit be :r;rovided 
with £DDe tT.PS of restriction at their downstream ends 
to enable operation without .serious damage f'ram. 
cavitation · 

Enclosure (1) .1 

' . 
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