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·I 

SUMMARY 

Serious problems du e to cavitation damage have b een encountered 
• at the outlet works from Gross Res 2rvoir. All valves ins tallecl as 
_ori_ginal equipment have been extensively damage d by cavitation and 
. have either been r epaired , replaced , or are in n eed of repair. The 
situation is urgent, due to the fact that only one throttling valve is 
p resently availabfo to the site . If this valve becomes inop e rable the 
system cannot operate safely or with reliability. 

· The following is a report describing the problems and listing 
alternatives and r ecommendations for correcting the difficultie s . 
Two general approaches for solving the problems are considered: 
(1) Modifications to the existing outle t works and (2) constructing 
a new free discharge outlet works at the end of t~e conduit system. 

The results of the investigation document tha t modifications to 
the existing structure i s the most reasonable solution . The present 
outlet works arc, iri general, ,vell designed and adequate for the 
r equired task . . With minor mcdificc.tions , this system can b e made 
to o era te reliably and with a minirr.um of maintenance . 

.. 
Seven recommendations are listed for resolving the situation 

at the outle t works. These include enlargement of the air supply 
. system, r epafrs to the downs tream chamber , selection of throttling 
valves , the utilization of a smc.11 by-p ass valve, and proper opera­
tion of the valves. 

' 
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RECOMMENDATIONS 

. Numerous alternatives for sol ving th e problems that exist 
a.t the Gross Dam Outlet \Vorks are pres ented in Chapter V . 
Here are presented those alternatives \Vhich are most highly 
r ecommended . 

· Reconimenda tion # 1 

It is considered imperat i ve that the air:- supp1y system be 
enlarged. The method suggested in the alternatives, Chapter VII, 
should satisfy this need. 

Recommendation #2 

Since, under unusually l arge discharge, p artial submergence 
may occur in the downstream chamber it i s nece ssary to: (1) Make 
a complete structural examincstion of the bulkhead wall to insu re it 
c an withstand the anticipated pressures, and (2) compl ete the neces­
sary repai rs in the chamber to in sure it will be water-tight when 
s ubn1 e rged . · ; 

Recommendation #3 

. 
No modifica tions in the downstream conduit are· recommended 

to eliminate the possibility of choking. It is believed that if a 
choking problem actually exists,_ it s occurrence will be so in­
f requent as to make a major expenditure for its elimination 
i mpractical. 

' -Recommendation #4 

The valve system recommended a~ the most appropriate for 
-the task (all factors consi de red ) is the one listed in Chapte r VII 

- ·a s alternative #4. (That is, 1 - 36-inch hollow cone valve, 
· l - 48-inch ne edle valve, and 2 - 42-inch ball valve s ). This i s , 

of course, based on some relaxation in the dema nd requirements. 
The details of the needle valve ins tallation are very critic al. 

If absolutely no variation fro m the pre sent requirements i s 
p ossjbJc then alternative #1 (2 - 48-inch ncec11c valves and 2 -
4 2-inch ball valves) i s rccomrncnc1cc1. 

2 
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Recommcn.clati6n #5 

lf the decision is made to incorporate hollow cone valves in the 
system and operate them submerged, a model study to verify their 
performanc e should be conducted. / .· 

Recommendation #6 

. ~- -It is recommended that when further major repa irs on the ball 
valve s becomes necessary, they be replaced rather than expending 
additional money on repairs . 

Recommendation #7 

A throttling valve should be i nstalled in the 12-inch by-pass 
line for release o( discharge bclo·w about 30 cfs. 

/ 
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III 

I NTRODUCTION 

/ / ,/ 

Gross Dam v✓ as cons truct ed in the early 1950's as a multiple­
purpos e facil ity, to serve as part of the· D e nver water supply sys t e m , 
for flood con tro l, and a s a r ecreation facility . The outlet ·works 
were first opera te d in Mid 195 2 . By 1960 it was appa rent that 
cavitation damage was occurr ing in the -?8-inch Hardie-Tynes 
needle valve which Wc.S the main rele ase valve. In 1961 this v a lv e 

_ was rem ove d, modifi ed and repaire d, hopefully to el iminate futurE: 
c avita tion dama ge . \Vithin 5 years ca vita ti_on ha d aga in c a used 

· enough da m age to the valve that it was removed from s e rvice. In 
Feb ruary, 19GG a 36- inch hollov: c ne valve was installed as a 

. r eplacement and is still in oper2.tion . During the times whe n the 
needle valve was out of service, the ball valve s had to be_ used for 
r elease. Consequently, all three D av is Ball Valves were e xten­
sively damaged by cavitat ion. One has alrea dy been replaced and 
is cu~re ntly b e ing r epaired , and the othe r two are in need .of major 
repairs. 

T he serious problems encountered with the outlet wo r ks a t 
Gros s Dam promp ted th e Denver Board of Water Commis s ione rs 
to see k consult ing help to analyse the situa tion and to make r ecom­
m enda t ions fo r r emedying the d ifficulties . The assigned tas k 
c onsiste d of eva luating t he prese nt outl e t works to de termine if 

·they are ~ in general, suitable for the task, and c a n b e made to 
operate s a tisfa c to rily with minor changes , or if majo r mod ifi­
c ations· are necessary . As s uming that the present sys tem c an 
be modifie9 success fully , alte rnate solutions were reques te d for: 

t. S e lecting the most suitable typ e and size of valves 
- 2. Expans..!_on of the air s ·.1pply sys tem , if neede d 

3. Eliminating the conditions which might caus e choking 
in the dow nstream trans it ion, if such was deemed . 

. necessary 
4. D etermining what modific ati on might be ne ces sa ry in 

the downstream chamber so it can operate under sub­
merged discharge conditions 

I 

After the problems were is ola te d by discus s ions with the 
Water Board , visits tC: the site , and c a r e ful study of the pla ns , a 
s et o: fie ld tests v,cre planned and carried out to obta in d ata 
necessary for the f"na l analysis. 



In arriving at the several alternatives and r ec omh1enda tions. 
the analysis was supported and documente d by the results of pa st 
and cu rrent res earch on valves c onducted at Colorado State Uni­
vers ity by the authors. and research by various other investiga tion. 

5 
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STATEMENT OF THE PROBLEM 

/ / 
D escription of the System 

The outlet c onduit f rom Gross R ese r vo i r cons ists of a singl e 
concrete conduit w ith c hanges in cross section a long its l ength . 
Figure 1 shows the general pl an and profile of the conduit and its 
control struc tures . There is a s inglc lmv leve l intake structure 
at eleva tion 6998. Disc harge fro m the r eservoir is into South 
Boulder Creek, at approxima tely e l evation 69 58 . Under norm al 
conditions there is a head differentia l of approx imately 2 00 to 

· · 295 feet, with a maximum h ea d differential of 299 fee t through 
the vault. ·· · · 

· Control of the discharge is accomplished in th e v a lve vault 
loc ated at app.rox imately Stat ion 8+00. F~gure 2 shows the gen­
era l layout of the va lv·es in the vault. On each of the lines i s a 
42-inch D av is b all valve whos e func tion is sole ly to act as a 
guard valve upstrearn fr om t'.e four opera ting valves. The 
operating (c oi1trol) valves , on each of the four lines consis t of 
three additional 42 -inc h Davis ball valv_cs and o ne 36- inch 
Howell-Bunger valve. All of the ba ll v a lves , with the exception 
of number t wo (2), were ins ta lled 2.s original equipment. Numbe r 
2 was r ecently installed to re.p lace an ide ntical valve which is 
presently unde rgoing r epa ir for c avita tion damage . The number 
one (1) and number four (4) ba ll v a lves have a l s o b een he avily 
d.~maged by c av itat ion. 

The control v alves discharge into a trans ition chamber v,hich 
reduces to an 8-foot concre te tunnel. The tunnel discharges 
into a ten-foot-square box flu me which in turn leads to South 
Boulder Creek. All discharge through the outlet works is meas ­
ured by a critic al-de pth flume 4000 feet downstream. 

Operating R equirements 

Normal Operat ion 

In over ten years of service, a norma l pattern has evolved 
.for the opera tion of the Gross Outle t \.Yorks . It has been operated 
in a r a ther narrow r ange of heads and discharge s . The maximum 
discharge lo pass the sys tem v.ras 893 cfs , ·which occurred on 

('.: 

June 29, 195 7. · The norma l minimum flow to pass the outl e t works 

6 
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i s approximate ly 5 cfs . The range of h e a el s experienced has been 
from 295 feet, with the water at the top of the fl a~hboards , to 15 4 
fe et, which occurred on May 17, 196 5. ,:, For an idea of recent 
operationa l l e vels , Figure 3 shows the extreme monthly values of 
head a nd discharge obs e rved over th e l ast three c al endar y ears. 

/ . 

· Unusual Operation 
. / 

Due to water l aw r e qui rements the reservoir outle t works 
must b e capabl e of p assing a discharge of 1200 cfs when the 
r e servoir head i s 37 fe et . This is a requirement of the State 
·Engineer and dates back to the construction of the reservoir . 
It is unknown what s :gni ficancc the 37 feet head has, but the 
1200 cfs undoubtedly r epresents downstream appropriations. 
Based on the past recor ds of th e reservoir , it is highly un-

. likely that the outlet works will b2 operated at either figure in 
the futur e . 

Other Cons iderations 

The capacity of the South Boulder C reek channel downstream 
of Gross Reservoir i.s a control factor to be conside r ed . It is 
r eporte d th a t dischar ges in excess of 500 cfs caus e fl ooding at 
the downs tream community of Eldorado Springs . Locate d be­
t ween Gross R eservoir an d Elcloraclo Springs i s the intake to 
the Rals ton Reservo:r Feeder C anal which has a capacity of 
a pproximate]y 400 cfs . A combination of these two control s 
s hows the maximum allowable sustained discharge from Gross 
R eservoir to b e· approximately 900 cfs . 

·uydrauli c Problems 

Ball Valve Cavitation Damage 

During the time interval that the Hardie- Tynes nee dle valve 
was b eing r eplace d by the Howell-Bunger valve, the 42 -inch 
Davis b all valves were used as r egu]ating valves. They were 
operated as semi-free discharge valves and all suffere d severe 
c a vita tion damage . The damage was especially seve r e on th e 

i 

* These heads arc referr ed to the valves . The \Vatcr Board 
·~-records of h ead arc base d on USGS cl aturn . R eservoi r hea d 

2 75 fe e t, fo r example, i s elevation 7275 . The valves arc at 
elevation G0 90 , USGS da tum . Thus 7275 elevation is cquiva­

-1ent to 285 fee t head on the valves . 

. 9 
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l ower edge of the ball and a t 2 o'clock arid 10 o' clock points 
on the valve and p ipe walls i~mecliately downstream from the ball. 

"' 
Howell -B.ungcr Valve 

✓ -

The e xi s t ing Howell-Bunger valve normally operates as a f ree 
dis charge val ve wi th discharges less than approximately 600 cfs . 
The r e i"s a 72 -inch stationary clylindrical steel hood to control 
the diameter of the hollow j e t downstream . To date , there have 
b een no maj or problems with the val ve und_er the limited oper­
ating range e xperienced . It does , however. appear that the air _ 
s upply to t he valve is inadequate . T h is subj e ct i s c onsidered 
l ater in the r eport . 

The r e i s s l ight but identifiable c avitation damage occurring 
on the i nside of the stainless steel hood, downstream from the 

· sliding c_ontrol cyl inder of the valve . 

The maj or problem with the Howell-Bunger valve is that 

• I 

it i s c ommonly understood that it cannot operate submerged 
without dangerous vibrat ions . Data on this question, however 
a re very l imited . A t this t ime the exact c ond it ions u nder which _ 
·the v alves will become · submerged arc no t known . Submergence 
would depend on the head, as well as the discharge , and cannot 
be determined with01..1t e i ther a mode l or prototype test . 

The \Vcakene cl Bulkhead Wall 

The bul khead wall forming the downstream end of the valve 
v ault is constructed of 12- inch thick reinforced c oncrete. T he 
wall, as o riginally constructed, c ou ld withstand substa nti al 
p r e ssure . Due to a weakened condition, however. the strength 
is doubtful for submerged flow conditions . To date . the down­
st~eam chamber has not been pressuri zed so the bulkhead wall 
h as never been tested . 

Ch oki ng in outle tunne l : - Due t o the l arge air requirement 
of the val ve , the r esultant bul king of the a i r:--water mixure , and 
the contraction of the downstream t ransition, choking may occur 
in the 8-f oot diameter tunnel downstream of the val ve vault . The 
r esult of the choking would be to i ncrease the energy (head) re-· 
qui.re d t o force the air-water mixture through the tunnel. T he 

· ch oking could lead to sufficient backwater in the t ransition sec­
tion to submerge the valves a t l arge di scharges . 

,-

t1 



I , . 

-Inadequate air supply: - -The downstr eam transition section 
~does not have a n adequate air supply . This fact is evident by 
the high :veloci ty of the air going through the ac cess ports into 
the chamber for only modera te water discharges. T he r esult 
of the i nade quate air s upply i s an abnormally l ow pressure in 
the downs tream c hambe r . Tbe pressure was l ow enough to 
break the glass in t he observation ·window above the Howell­
Bunger valve . 

Excess ive Unseati ng Torque of Existing Ball V alves 

· An additional pr oblem which has been experienced is break ­
down of the operators on the b a ll valves . This i s being c aused 

· by the excessive torques r equire d fo unseat the ball under _ high 
heads . This problem was amplified when the ball valves were 
r e quired for c ontinuous service due to failure of the needle 

- valve : 

12 
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FIELD TESTS 

• 
. ./ 
/'/ 

Field tests were conducted on the outlet works of Gross 
R eservoir on September 21 , 1968 . The purpose of the s e tes ts was 
to determine the overall hydraulic characteristics of the outlet works 

· in general, a nd specifically to : 

1. Determjpe the vibra tion l evels of each valve for various 
flow rates and for several combinations of valves in use 

. . 

2. Obtain data n ecessary to eval ua te the discharge 
capabilities of the vari ous val ves 

3. Eval uate the adequacy of the present air supply system 

4 . Observ·e any evid ence of choki g in the transition section 
_or backing up of water into the chamber · 

· The testing was performed by th e three consult ants with support 
by t he Denver ·v:vate r Boa rd personnel. Sincere th a nks is expressed 
to all who assisted in thi s testing or in any way macle it possible . 
Listed in Table I of the appendix are the personnel who assisted with 
the t esting. 

Testing Procedure 

A visit t o the site was made several weeks before the testing was 
to .be conducted. This visit enabled detailed planning of the instrumen­
t a tion and equipment needed, and development of the test procedures. 

Prior to the-tests , pressure gages were pl aced upstream and 
downstream of the 112 ball valve to record pressure l evels before and 
during each t est run . 

In order to determine at what di scharge the 8-foot tunnel began to 
flo,v full, plasllc tubing was pl aced i r_ the tunnel with the open end . 
pointing; ups t ream. Tubing was attached to the wal l at the 5- fo ot and · 
8-foot l evels at approximately sta tion 7+10. T he tubing led through 
the 2'1-inch m anhole into the adit tun nel. When the water reached 
either the 5- foot or 8- f.oot levels in the conduit , water was expelled 
from 'he tubing. 
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·A simple air-water manometer was fabricated from tubing at 
the site to~measure th e pressure difference between th e downstream 
transi_lion ·section and the ambient pressure outsid e . 

: .. • , -
• 4 ~ ; 

. . _.,,,, : :,"' . 
An accelerometer was used t o measure vibration }_ . · .. · ds . 

Twenty-seven differe nt runs were made , each with diffe re nt valve 
openings on an individual , o r a combination of several va l ves. 
Tables I and II in the appendix li st the test results. Fig. 4 shows 
the location of points \Vhere vibratio 1 was measured on the valves. 
E a ch valve opening was maintained l ong er.ough for a steady r ead-
ing of discharge to be establi shed in the measuring flume downstream. 

Re sults 

· _ Head-Discharge 

The h ead-dis charge relations ip for the hollow cone valve (fJ 3) 
· and one ball valve (//2 ) are presented in Fig . 5 and in Table II in 

the appendix. · These curves show the variation of discharge with 
valve· opening for a reservoir elevation of 277 feet. The se data can 
be used to evaluate di scharge coefficients for the valves for e s ti­
m a ting futu re di scharges w it:iout the need fo wait for r eadings from 
the critical depth flume . Such data are presented in Ficr. 6. 

• 0 

A c celerometer Re adings 

Considerable info rmation on t:-1e vibration l evels that exist in 
the outlet valves under a variety o:· conditions was obtained. These 
data are tabulated in Table III in the appendix. Several important 
fact s are available as a r esult of these data . Howe ver, only that 
par t which i s pe rt inent to the immed iate problem of d eveloping a plan 
to correct the past and c urrent difficult ies will be discussed i n this 
re ort. If after s election of ·he final system, additional info rmat io n 
is desi r ed on the cavitation a :1 cl vibration characteristics of the ball 
valve . such i nformation can be furnished . 

The fir st comment, is that the magnitude of the vibrations 
(measured as a cceleration) verify that very heavy cavitation is 
occurring at various l ocations in a:-icl downstream of the b all val ves . 
The location of the maximum vibration i ntensity,- which indicates 

. the loca tion of maximum damage c ,1anges with val ve opening . At 
s mall openings cavitation appears to be most int ense in the up stream 
po_r tion of th e valve . . As the openine increases the intensity shifts 
fu rther down s tream until the maximum vibrations o ccur in s ide the 
downs t ream conduit. The loca lion of major c avitation damage 
appears in th e downs tream pi )e and on the downstream side of the 
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t>l tig of the b all valves. Even though considerabl e ca vi talion i s 
--o ccurring within the val ve, little if any cavitat ion damage i s 

noticeable : This is due to t l:c na ture of the cavitation . Ins ide the 
valve, t e cavi tati on i s a ''fi ne grain ed'' cavita~ion , that i s fo rmed 
by sm all loca l s eparation zones . In addition, the fl ow insid e the 
valve is s ·ubj ected to some back-pressLire which decreases th e 

· cavitation int ensi ty. Downstream of th e plug a large separation 
z one exist s which causes large s cale cavit ation. It is the large 
s cal e, or 11pouncling" cavi ta tion which does the major cavita ti on 
damage. 

The second observat ion pertinent t o thi s study i s that th e 
vibration r eadings taken on the hollow co ne. valve verified that no 
cavita tion is occurring in th e valve over Uie range of discharge 
a nd openings te s t e d (0 - 83 %). 

The last comm ent , anq a ve ry important one, is that lit tle if 
a ny vibrations were i nduced :.nto the hollow cone valve when one 
o r two ba ll valves were u sed simultaneous ly with t he hollow cone. 
T his c ~n be seen from th e da ta by making lwo compari sons : 

First , com pare runs 16 and 19 . Run 16 i s for the h allo\'/ cone 
valve 60% open wilh 421 cfs discharge. Run 19 i s fo r f/2 ball valve 
ope n 2 5% (100 cfs ) and the hollow cone op en 59% (420 cfs). The 
vibration le vel for ru n 19 (8, 000 in/ sec 2) is l arger than the re ad ­
i ngs for run 16 (3, 700 in/s ec2 ). This indicates there may b e some 
i ncrease due to multiple va l ves but the differe nce i s not concl usive . 

Second, compare runs 14 and 21. For the se two cases the 
vib rations in the hollow cone val ve were l ess whe n more than one 
valv e was u sed. Als o refer r ing to the data fr om ru n 20 indicates 

· no significant variation in the ac celerometer l evel. lf anything, it 
s hows _ a decrease due to multiple valving. 

In s uminary , it i s b eli eved that the u se of multiple v alving, 
when necessary will not influen ce the performance of the holl ow 
c one v alve, provid ed the valves are not submerged. 

P ressures in Trans ition Se ctio n 

Fig. 7 shows the ncga live p ressure in the tran sit i on section 
versus percent val ve opening on the #2 ball valve. The pressure was · 

. r ecorded in the 24- in ch access manhol e, but s hould be nearly the 
s ame as the pres s ure i n the t ransition section it self . Thi s ·nq~ative 
p re ssure is a mea s ure of th e air defi cit b eing _provi cl c d to the 
t ransit ion section. 
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Flow Conditions ·i n Downstream Conduit 

The tests to dciermiI1e when the entr;:i.ncc to the 8-foot dia­
m e t er tunnel began to fl ow full i nclicatc cl th p. t at ;:ibout 200 d ~ 
the tunnel was ful l. The discharge from the pl?-stic t\1bin~ . 
c ont ained l arge amounts of air, i m1icating that the !low in th(; 
tunnel was h eavily aera ted. 

Unde r no discharge conclition~, nt the h1;ad RYaHablc , 9id 
a ny back-up of water into the do wns tream chamber oc q.1:r, T}1e 
_maximum discharge was a:'Jout 778 cfs , At this oJ~r.h?T£;C the 
8 - foot tunne l was fl owing fu ll. Its open channel DO 'N Ci=lpac ity 
i s approximately GO O cf s b c1.se d on foll;' e;;;t ;:i.b.lished v.nHorm How. 

The h ead l oss for 1200 cfs going through the l7 5 foet 9.f 
8 - fo ot tunnel i s s lightly less than 4 feet, Thcrefori=, on~ .IDP.Y 
e xpect that 4 feet of stati c head over the crown of the t1,.1nn. E:= J · 
woul d be the highes t water level to occur j_n the tn1.np_itj90 ,scc;:t_ion 
f or a d ischarge of 1200 cfs, negl ecting the ~nc .rg_y of the j ~t;;; _. 
The four feet of static head would bring the Wp.t~ .r kv~l t9 B8~8 .. 1 
in the t ransition section . T he center l ine o.f the -v.alv~s _i_s _at 
elevation .6990 . 5 so the val ves could cx:re :ricnc~ 9- _:rnax irm1m 
submergence of .. ,. 6 feet over the cente.rJ jne , 
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ANA LYSIS OF OUTLET WORKS 

/ 

/ 
This chapter analyses the var i ous components and require­

m ents of the system which were r:1entionec1 in chapter IV as 
b eing problem , or poten.tial probl,~m areas . The information 
in this chapter serves as a basis for th e alternative solutions 
listed in the following chapter . 

Demand Requirements 

It i s not th e intent of this report to c riticize th e Sta te 
Engineer ' s requirement but to point out several reasons why 

: s uch a r e q1.1ircment is no longer appropriate ._ 

It has been mentionecl that an existing maximum system 
r equirement of 1200 cfs at 3'/ fe et res ervoir e l evation (above 
the centerline of th e valves ) exists . The des ign of the original 
system h acl this c apability. p rovid ed submergence of the v a lves 
did not occur . Calculations indicate that if no backpre ssure on 
th_e valves exists, the four valve s (3 - 42-inch ball valves and 
l - 48 -inch necclle valve ) have the c apability of passing 1200 cfs 
at a r ese r voir head of 3'/ fe e t. If, hO\vever , th e:; valves are 
s ubmerged , the head drop and di scharge through the va lves de­
crease. It i s thus i mpossible to predict the act ua l maximum 
c1ischarge thi·ough the system at l ow heads without a model 
s tudy. 

Fi rst , the original cons truction of the r eservoir was such 
that at a water surface elevation 37 feet above the valve center­
l ine , the to tal reservoir storage was 3 38 acre feet. Since the 
r eservoir h as existed for ove r 10 years cons iderable sediment 
has , no doubt, b een depositecl' - - significantly reducing the 
c apacity of the reservoir at l ower e1cvations . However , even 
if no seclin1ent were deposite d, at a discharge of 1200 cfs, the 
l ake would b e emptiecl in something l ike 10 --12 hours . 

Second, assuming that some deposit of sediment has oc­
curred, it is ve ry p robable that l arge quantities of sediment 
would be di scharge d if the l ake ·1ev2l ever droppe d to such a 

• ].ow elevati on . 

T hircl , the combin ecl c ap:1bililies of the canal system · 
h andling th e otitflow fro m Gross R eservoir i s 900 cfs. Above 
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this val ue excessive flooding of E ldorado Springs occurs . 

It i s not ~uggestec1 that the 120 0 cfs requirement necessarily 
be relaxed but that the head required for this discharge be in-
creased to a more reasonable figure. ..,,, 

_/ ,,----

Suitability Of System 

T he most satisfactory system for closed conduit flow from 
high reservoirs is the use of free discharge valves. Und e r this 
condition the possibility of cavitation damage , vibrations and 
p ressure surges in the system are minimized, provided proper 
v alves are selected. The outlet works at Gross Darn were de­
s igned to have the cap abi lity of eithe r free discharge or submerged 
discharge . Since its initial commission the heads and discharges 

. th r ough the outle t works have been such that submergence has 
· p robably neve r occurred, consequently , the system is essentially 
free discharge . 

T he difficulties whic·h have occurre d are not due to the overall 
design of the works , which are well designed and constructed, but 
due to the installation and operation of the throttling valve . 

Two gene ral method s of approach to solving the e xisting 
difficulties exists: 

1. Modify th e existing syster:1 
2. Move the outlet works downs tream wh ere it will b e 

< 

completely free discharge under all conc1itions 

The second alternative was investigate d but is consi de red 
u nnecessary due to the large costs involve d and . the general 

· s u·tability of the present sys tern. The onJy advantage to alter­
n ative #2 would be to elimimitc the possible choking in the 
t r ans ition, and submergence which may exist at l arge discharge s . 
However, since these c onditions have not yet b een encountere'd 
i n over 10 ye ars of service it wou_d seem uneconorriical to expen d 
a large sum of money to eliminate a minor problem which may 
never be encounte red . Cons e quently, this report stresses modi­
fications to the existing system as the most appropriate solution 
to correct the pres ent difficulties c1nd insure satisfactory operation 
i n the futur e . 

C onduit System 

T he complete conc1uit system is ,ve11 designed arid coi1s tru ctcd . 
_ C onsequent]y, no majcH' modifi cations in this system are rccom-

2 2 
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mended. Th e tw o areas of pos sible concern: ( 1) Choking and 
s ubmergence o i· th e flow in the downstream trans i tio,1 and (2) foe 
s tructural strength of the bulkhead wall are disc us sed Le low. 

C hoking and Submergence 
/ 

,,/ ,,-' 

T he outle t trans ition section and downstrea m 8-foot tunnel 
·a re difficult to analyse hydraulically . Because of the b ulking 
of t he air-water mixture leaYi ng th~ valve s , and th e high velocity 
fl ow enter ing th e transition section, one c annot accurately esti­
m ate t he tot a l energy at the ent rance _to the 8-foot tunnel. T he 
nature of the flow in the 8-foot tunne l, the water level and the 
p ressure in the trans i,. ion s ection depend on the energy of the flow 
e nt er ing the tunnel. One must therefore c onsider numerous fac­
t ors whe n cons idering the proble m of chlking or submergence in 
the downstream s ec tion. The most s a tisfactor y m e t hod of solving 
this d ifficulty w ou cl b e with a model study. However, as a r esult 
of the fie ld t es ts , the pattern of discharge required, and lake 
elevation for the pas t 10 ye a r s , t he p r oblems of choking and sub­
mergence do not appear to b e acute. 

The fie l d t est indi ated th a t there was no noticeable choking 
or b ac k ing up of wate r into the chambe r fo r fl ows up to 778 cfs . 
T he past sys tem d eliver ies show tha t the maximum fl mv eve r 
delivered was 893 cfs , with the norma l flo w much smaller. T hese 
c onditions occurred und er large r eservoir heads, which is the 
normal condition for the reservoir . 

. 
It_ is poss ib le that if large discharges at low head were re-

quire d, subm ergence of the va lves might oc c ur . However, th is 
pos ~ibility is so sligh t that ex tensive_ modific a tions to eliminate 
Hs pos sibility are not suggested. 

Bulkhead \Vall 
, . 

At t he present time the bulkhea d wall separating the valve 
v ault and do wnstrea m chamber has b ee n weakened due to r e place­
m ent of the nee dle valve with tl1e hollow cone valve. Conse quently, 
its pre s ent structural strength is questionable. Also, s ome 
p atching around the 3G-inch va lve and the various open ings into the 

-c hamb er would b e ne c essary in o rder to wa terproof the c hamber. 

To im_provc the air supply system additional op enings through 
the bul khead wall are proposed , which will furth e r dec r ease. it s 
s tructura l strength . 

The ana lys is of the wall should cons ider at least two general 
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p roblems : ( 1) The poss ibility of the v:all failing by shear at the 
j unction with the conduit , and (2) th e possibility of a b ending 
f ailure . 

'Air Su pp ly / 

At present there arc two pe rmanent air inlet ports to the down ­
s tream chamber : One into the hood of the hollow cone va lve and th e 
other through the west side of th e chamber . Both arc connecte d by 
c;: onduits to the air plenum at the top of the· adit tunne l. In addition, 
two s mall observation windows and a 24-inch diameter access hole 
c an be used to supply air to the chamber from the aclit tunnel. 
Even when the aclit tunne l and the temporary inle ts to the chamber 
are utilized , th e supply of air to the chan1b e r is fa r from adequate . 
T his fact ,vas ver ifi ed dur ing the fi e ld tests . Even at moderate 
discharges (aroun d 300 cfs ), considerable pressure differences 

- e xists in the downstream conduit as evidenced by Fig. 7 . Also, 
the velocity of air passi ng thr ough the por ts and the resultant_ 
n oise , verifies th e l ack of acl equ:1te openings into the chamber . 

This problem i s both 'annoying to the opera tors , due to the 
h "gh noise le ve l s , and dangerous to the valves due to th e increased 
c avitation potential c: ause d by th e sub-atmospheric pressures in 
the charnber . 

To c orrect the p resent defic iencies it will be n ecessary to 
fi rst , greatly increase th e square foot age ot the op enings into 
the downstream chamber , and second , utilize the complet e adit 
t unn~l for a~ air plenum at discharges above about 200 cfs . 

Va lve Vault 

A c ritical si t Liation presently exists at Gross Dam . T here 
i s currently only one valve at th e s it e which c an b e used safely 

· fo r discharge ---the 36-inch hollov cone valve . The o ther three 
valves arc b all type valves which, as cvidcncccl by th eir p ast 
p erformance, will be s1.1bjcctcd to h·eavy cavi t a tion damage and 
operator breakdown when us ed for throttling at hi gh hea ds . 

· Consequently , if the 36-inch valv,2 b ecomes inoperable, the 
system cannot b e operate d without great dange r of cos tly repai r s · 
being incurre d . 

Original Needle V alve .. - - - --

T_hc orizin al throttling va lve installecl at the site was a 
48-inch H arclie -·Tynes ncec1l e val ve . This valve was severely 
damaged by cavitation, repai re d, and f i11ct lly replaced by the 
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hollow c one valve after several years service. In selecting re­
placement v a lves it i s of great importance to understand the cause 
of the raqure of the nec c1le valve so that simi]ar problems can be 
avoided in the future. The follo \ving discussion attempts to explain 
the cause of the cavitation damc1ge in the needle valve. 

When a water jet discharges in to an infinitely large body of 
air under atmospheric pressure , the pressure in the j et will nor ­
m ally be atmosphe:ric. The specification for an infinitely l arge 

· b ody of air is required so that no l ocalized pressure r eductions 
occur due to insuffici ent air supply . 

The construction drawings of the needle valve installation at. 
Gross Dam are partially r eproduced in Fig . 8 . The primary 
c avse of th e cavitation damage to t_he neec1l e i s the downstream 
discharge pipe . T he use of this pipe essentially eliminated th e 

· fr ee discharge effect of the needl e valve and created sub-atmos.,... 
pheric pressures sufficient to cause damaging cavitation . 

rhe above statement is explaine d as follows: Referring to 
F ·g. 8, the critical area is atposition A where th e j c t emerges 
from the needle valve . The curv ature of the body near the down­
stream flange , making a sn:. ooth t ransition with th e dov:nstream 
pipe , c a us es the j c t to expand, placing the water under t ension . 

· The pressure reduction near A , anc the exp ans ion of the jct arc 
increased by the i nability of atmos pheric air to reach this cri tical 

. area due to the e xpanding jet. T hus, the cxpan cling of the jct and 
its aspirator effect t encl to evacu c. t e the air from the pipe and 
cause it t o flow full , as a water-\'1atcr vapor - air mixture . 

... 
''fhe above factors , combined with the ovcra11 sub-atmospheric 

p ressure which exists in the downstream chamber due to insuffi­
cient air supply, created favorable conditions for cavitation in 
the discharge pip e from the needle valve . This also explains why 
modifications in the shape of th e needle did not reduc e or elimina te 
the c avitation damage . 

To eliminate this situa tion in th e future , three precautions 
m us t be exercis e d: 

1. In s t aJl the needle valve s o that its clmynstream flange 
is fluslrwith the inside wall of the chamber . 

2 . M odify the outle t port oft 1e valve so it has a sharp 
edged orifice lo eliminate the possibility of local 
c avit a tion ne ar the flange . 

3. Increase the air supply to the chamber . 
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· Hollow Cone V a lve 

I 

The 3.6-inch hollow c one valve is operating satisfactorily. 
It is operating fr ee of any excessive vibrations , ancl has the 

.ability of adequate ly controlling an d supplying the di scharges 
require d. , There does, however , appear to be some evidence 
·of possible cavita tion dam a ge on the hood. 

The only major p roblem of concern i s the performance 
of this valve und e r submerged condi tions . . Som e i nforma lion 
is presently available indicati ng th a t under high h eads , such 
v a l ves c annot b e us e d submerged . No informa tion is p resently 
available on t heir p erformance a L l ow heads . 

If a hollow cone valve is to b e incorporatec1 into the selected 
modifica ti on scheme, it is suggeste d that a model study be per­
formed lo determine the submerged p erformance of the valve . 

· B all Va )ves 

All three or ig-ina l b a ll va l ves were extensively damage d by 
c avit a t ion \\'. h e n they were use d fer re l ease \'then the needle valve 
b eca me inop e rable . In adcli.tion , con s iderable difficulty with the 
operators h as b een encountered due to the l arge s ea ting torques . 
P resently one valve has been replace d, by a si m il ar va lve , and 
is b eing r epai r ed . The other two val ves are h eavily damage d 
a nd one operator in operable . 

Due t~ th e flovl pattern of the ball valves and the l ack of 
' any b a ckpressure , these v a l ves should never b e use d for 

1 t hrottling at reservoir h eads above about 70 feet. At higher 
' . 

h eads cavit at ion will occur . If the ba ll valves are ever re-
quired it i s sugges t e d tha t they b e opcratc cl l00 o/c open with all 
throttling bei ng don e with the needle or hollow c one va lves . 

Bypass Valve 

' 

It is not uncommon th a t clischarges less tha n 30 cfs arc 
r equired du ring the winter mont11s . Us ing a 36 - or 48-inch 
valve to supply such a small discharge is not practical; both 
from the st andpoint of it s ability to control such smaJl di s char ­
ges and th e l ack of economy cl ue t o wear on such a large v alve 
for such a meager flow . It is rccommencl c d th a t the p rese nt 

· 12-inch bypass li ne b e modified for use at small discharges . 
Thi s could b e accomp]ished by im, ta llin g a neecllc or h ollow 
cone va lve c1.s a free c1 ischarr;e va _ve , if space p crrnits , or 
us ing a s tc1.inlcss steel ball va lve an cl downstream pipe . Such 
an addi tion would ext en d th e life of the l a r~c thro_ttling valves . 
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Life Expectancy of V alves 

_ )\_ge~cral statement about the estimated length of time that 
a particular va lve can be u3ccl fo r service is impossible. The 
answer is too dependent up on the details of the installation . .For 
example , if the Hardie -Tynes ne e dle valve was properly installed 
with an adequate 8.ir supply H would , no doubt , l ast several times 
l onger than it did. 

To give some guidelines rel c.tive to the expected life of the 
v alves suggested in this report, the follO\ving is offered : If a 
n eedle valve is sel ected for throttling and it is d es igned and in­
stalled based upon the recommendations of this report, including 
e xpansion of the air supply system , it is be]icvecl that the valve 
should requir e little maintnenance for about 20 years . \Vith proper 
d esign and ins talla tion little, if a:1y, c avilat.ion damage is antici ­
p ated . 

The life expectancy of a hoJlow cone valve , relative to a 
n eedle valve, would b e less. Thi s i s du ~ to the n a tur e of fl ow in 
the hollow cone . It is expected, however , that most of the c avi­
t ation damage would occur en the hood and not in the valve itse lf, 
m aking repairs relatively easy and in expens ive . 

O peration of Ball V alves 

It will no doubt t ake some ti me to complete modifications at 
the outlet works . If during thi s time period the hol]ow con ~ valve 
b ecomes i noi)crative , th e ball valve s ,vill have to b e us eel for 
throttling. O ne of the purposes of this stucly was to recommend 
a procedure fo r operating the b all valves in such a situation . 

R esults of the ficlcl ests showe d that at all openings , nor­
mally used for throttling, h eavy cavitation was occurring . The 
h ighest intensity occurre d at about 50o/o open. This is als o the 
op"fining at "\\'hich most of the damage occurred in the valve and 
dmvnstream conduit. T w o possibilities exist : 

1. Avoid ope rating th e valves near 50¾ open by 
u sing nrnltipJe v2..l\'CS or 

2. Use compressed air inj ecle cl into the pjpe near 
tJ1e dov.rnstream flange · 

. 
. T he f irst alternative decreas es the amoun t of cavitation 

d amage per valve but c a uses cbma gc to more th ,lll one va1ve anc1 
also increases· th e possibiJily of o )eralor breakclovm . 
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T he second alternative is more prom"ising. · Tests hav·c been 
concluctc cl at Colorado State University in which air was injected, 
under prc~sure , through the pipe be ow the valve . Under rr~os l 
flow conditions the cavitation was completely eliminated or signi ­
f i cantly reduced . If it bcco.mes necessary to use th~ ball valves 
tempo ·arily this method should b e considered . · 
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ALTERNAT IVES 

/ 

A s· a r esult of th e field : e s ling, th e examination of the 
· p resent conditions and future requirements of the outlet works, 

a nd a revi ew of the past operating difficulti es , several alterna­
tive solutions to the exist ing difficulti es have been d evel oped . 
Four or five of the most sui table so utio ns are present e d and 
discussed in detail. Other a lt ernatives are merely mentioned 
as possibl e solutions . The following di scussion includ e s: 

1. Proposed expans ion of the air supply system 
2. ·Modificat ions needed i n the downstream c ham be r 

and conduit system 
3. Proposc_d modifications in the valve vault 

Air Supp ly System 

In a pre ceeding section the deficienci es of th e prese nt ai r 
suppl y system were explained. The general conclu s ion was that 
a n expans fon of the present system i ~ very much ne ed e d. The 
foll owing r ecomm endation i s offered as the most cconorn ical and 
p ractical solution to the pro bl cm. 

For discharges above ?00 - 300 cfs ,the adit tu nnel should be 
u sed for additional air supply. In doing thi s it will be neces sary 
to make tw o minor additions to th e system . 

First , a ·second set of access doors to the adit tu nnel, which 
s wing in, should be in stalled. These doors , or gates, should be 
f abrica t e d of wire mesh, or some similar material which would 
al] ow for fr e e passage of afr while restricting access to the 
valve vault. In winter, when disc 1argc dem 2.nds are s mall and 
the danger of free z ing ex ists, the adit tunn el would be closed 
and not b e used to supply air. 

Second, adcli t i onal air i nlet ports into the dow nst r eam cham - · 
ber are need ed. It is suggested tha t a port of approximately 8 ft. 2 

a·rea be placed near the top of th e wes t side of th e charnbc r , 
connecting it with the duct work of the pres e nt air supply syst em . 
In addition, air int a1~c ports w ith a tot a l area of about 16 ft. 2 

should b e provicl c cl int o the chamber . These porlf; woul c1 be st 
be located at the top of the b ull~hc a cl wall separating the valve 

· vault and the dow ns tream chamber . This would allow for p artial 

30 



I 
f 

s ubmergence of the chamber at maximum· dis charge wi thou t 
s pilling water i nt o the vault . Al s o, the air intake to the hollow 
jet valve _ ~hould be opened directly into the chamber . 

Downstream Chamber and Condu it ,-· 
✓-

T he hydraulics of the system arc well suited to the required 
t ask . Consequently, it i s b elieved that modifications in the dO\vn­
s tream conduit system are no t warranted. The only problem 
w hich exists is the p ossibility of chobng at .the l arge discharges . 

However, two alternatives arc presente d for considerat ion . 
a s method s of eliminating choking at l arge discharges . These are: 

1. Jn staJlation of a roto-disc valve at the exit of the 8- foot 
diameter tunnel to maint a in ba ckpressurc on the valves 
at Mgh di scharges . To a ccom plj s h thi s it would be 
n ecessa ry to make m a jor modifications in the down ­
st ream chamber so it could be pre ssu rized . 

2. Enlarge th e downstream conduit s o it would not cause 
s ubmergen ce at l arge discharges. 

Since t he norm a l discharge of tl1e ou tl e t work s over the pa s t 
t en y ears has been l ess tha n 700 ds (max. of 893), and the fi e l d 
t e s t s indica t e d no ch oking a t thi s discharge , it is believed that 
moclifica tions to eliminat e the possibjlity of choking fo r the hithly 
u ncommon l arger fl ows above 700 cfs would not be economical. 

< 

If t he downstream c onduit i s no t pressuriz e d or cn1arge c1 to 
I e limina t e choking, th e possibility exists of the val vcs becoming 
. p artially or c ompl ete ly submerge~ at Jarge di scharge . The 
p res ent downs tream chamber is not capabl e of submergence. 

·w eakening of the bulkhead ,va11 between the valve vault and 
the downstream chambe r c a used by replacement of the original 
4 8-inch ne edle valve with the present 36-inch hollo\V cone valve 
has oc c u r re d. To corre ct this difficulty the follow i ng recorn­
mcnclatfon s are proposed : 

1. C onduct a compl ete slrucf.ual exam ina tion of th e wall 
to i n sure tha t it will with stand a static pressure in th e 
chamber of 12 - 14 feet of water, plus an allowance for 
surging . 

2 . If t h e wall i s struclura] ]y sound, repairs t o mal(e it 
waterproof will be necessary after the sclcclccl valves 
a rc ins ta led. 
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Modifica tions in the Valve Vault 

The heart of th e problem is selecting suitable va lves and 
the development of an operating proc edure which will ena ble 
the syste m t o supply the demand r e quirem ents and operate as 
free as possibl e of cavitation damage and maintainance proble ms. 
Of highes t priority is selec ting a system which will meet all 
sys tem dernancls , requi r e a simple ope rating schedule, allow 
a dequate safety and back-up in case of breakdown of a throttling 
v alve--and y et not be overdesignecl . Consideration was also given 
to the unfortunate , but often existi:lz fact tha t ad e quate funds arc 
not ahvay s availab l e to construct f1e system wh ich is hydraulically 
the best. C onsequ ently, alterna te solutions are listed in de creas -· 
ing order of preferenc e which will e 2.c h me e t the system r e quire­
m ents , but do not have the overall reliabi11ty and safe ty features 
of he first alterna tive. 

The first thre e alterna tives lis t ed have been selecte d so as 
to s a tis fy co mp let ely the r e quirements of 1200 cfs at 37 ft. head . 
Other alterna tives arc listed which would allov1 for more econo ­
mical solutions if the dema nd r e qu irements can be relaxed. For 
e ach alterna tive th e follo wing information is presente d to aid in 
the selec tion of th e fi nal cho ice : 

1. Typ e and size of valves 
2. Ge ne ral operating proced ures 
3. O perating capabilit ies and limit2. tions 
4. A clva;1tagcs and disa·dvantages 
5. Cost estim a te 

Alternat ive # 1 

T he fi rst sys tem , and the one mos t highly recommended , 
c ons ists of 2 - 48-inch needle valves and 2 - 42- incb ba ll va lves , 
The ne ed l e valves would be install ed in pos itions num ber t wo and 
three and would be th e primary va:ves for disch a rge r egulation . 
The ball valves 'vvoulcl be insta ll ed in positions one and four , and 
would be us ed only as low head outlet when the discharge from the 
two needle valv es is inade quate to m eet the demand. 

General opera ting proc eclurcs : - Th e c1 is charge records of 
the outlet works for the pas t t en_years of ope ration were used as 
a guide to develop a g enera l opera ing procedure . These records 
indicate th a t one 48-iric h ne edle valve will supply all required 
d jscharges normally encounte reel . Only very seldom has ~here 
b een a cHsch a rge r equ ired whi c h c ould nol be sati s fi ed by a single 
4 8- inch n eecllc va.l ve . The follow inr; icl cc\s are presen ted as gu icl c ­
lines in d evelop ing a deta iled opera ting plan . 
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1. The need] e va l ve to be lo ca ted i n pos ition 3 will b e th e 
p rimary th rottli :1g va l ve . Only in th e e vent of a break­
d ~wn of valve ff 3, o r a di scharge in exc ess of tha t which 
can b e suppli ed by val ve fl 3 alone , will th e s econd 
n eedle valve be employed. 

.//./ 

2. Alte rna te service of va lves #2 and /f 3 should b e avoided . 
This will insure tha t in case of emergency th ere is 
always at lea st one op erable throttling valve ava ilable 
fo r use. 

3. The ball valves in pos iti ons 1 and 4 should never be used 
fo r control. The only ti rr_e tha t they \\;ould be required, 
in <?rde r to suppJy the maxim um d~sch arge of 12 00 cfs, 
would b e for heads less than 13 8 feet . Above 138 fee t 
the two needl e valves will meet this requirement. 

4. In th e even t tha t a b a J.J va~ve i s n eede d to meet this r e­
qnirem ent it s hould on ly be oper8.ted 10 0% open. Any 

- th rottling lo adju s t the fl ow rate should be clone with one 
of the needl e valves . 

5. Unsealing and seat ing of the b a ll valves up s tream of the 
two neecll e valves should be at t em pt e d o nly wh en the 
n eedle val ves are cl osed and pressure across th e b all 
valves i s equa lj zcd with t he by-pass valve. 

Opera li ng cc1.p a bi] iU e[; and li mitat ions : - It i s d es i red that a ll 
but the ve ry ·tm usual discharge-r equirements b e s at i s fi ed withou t the 
use of th e b a ll v al vcs. Agai:1 referring to the records of th e past 
ten years , th e e xtremes in h ead and di scharge were as follows : 
the minimum h ead experi ence d was 150 feet and the maximum 
discharge l ess tha n 900 cfs . The norm al minimum re se rvoir head 
i s about 200 feet. 

F igure 9 i s an estimated plot of discharge versus reservoir 
head for o ne 8.ncl two 48-inch needle va l ves in op era tion. It c an b e 
seen that a d ischa rr;e of 800 cfs c an be supplied at a h ead of ap­
proximatc]y 63 feet by the two ne edl e va lve s . A head of about 138 
f eel is neede d to pass 1200 cfs th rough the tw o needle valve s . 
Consequently, the only time lha t ei th e r ba ll val ve would be n eede d· 
i s for maximum discha rge a t he c1. C::s bel ow 13 8 feel. Und e r thi s 
c oncUUon li ttle , H any, c avita t ion cl cimc1.ee to th e b a ll val ves would 

• e ver occnr, and th e t orque requi red to un seal the b a ll would b e 
re) a ti vcly sm al 1. 

Th e n eedl e va l ve system h as th e di slinct ad vantage of lJcj ng 
a ble to operate a s a fr ee cl isc l1 a1·ge sy~;tcrn or wilh a submerge d 
d ischarge . Since a t m ax irnt1111 flow some submerge nce of the · 
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val ves i s cxpcctecl , t his factor is important. P ast experience 
with the ncecllc valve subme :·ged or as a free discharge valve 
verifies it.:5 reliability . (References 1 - 11) 

Advantages and disa dvant2.gcs : - The advantages of the 
n ee dle val ve system are summarized belo v : 

1. T he system ·will pass the required 120 0 cfs at 37 feet 
of head. 

2. T he ball valves will never be used to throttle the fl ow . 

3. A scconc1 throttling valve ·is always available in the 
e vent one becomes inoperable . · 

4 . N one of the ball valves wHl ever be required to unseat 
a gains t a head i n excess of 1 38 feet , except i n an ex­
treme emergency . 

5 _ T he .B_ystem can operate either with free discharge or 
s u1Jm erge c1 . 

T.he ,on1_y rli sa£1vantage t o this system i s the relatively high 
c ost ,oI t1le .needle va1ves . 

Co.st cesUmate: -

P.urdTasc :2 - -4.8-jnch needle val ves 
ll1£p-aiT ·DD e ball ·valve 
JE'.nlarg.e_ ;air :SUJJ_pJ_y sysl ,2rn 
]lrn:rs'.l-aJJ:aLi.o n .or ·:v.alve s 
Jl\11'0.ili'fy 1b.u11<he.a-d ·:w.al 1 

Total 

$ 12 0, 00 0 
10, 000 

5. 0 00 
1 o. 000 

5. 000 
$1 50,0 00 

ltt :ii.<S :S.b:"'.-on_g1_y T.e.c.ommended tha t the valve manufacturers 
lh-e :rneg.tfrne..c1 t.o :Sr~p_p·\y_, ·w ith the fr val ves , r eliable information 
o n;: <.CTis..drarg.e (C_o_e.T.fici.ents, cavitation character5 sties and oper- · 
atii;n_g ll'Or,gu.e .. 

·· ~ltre.:rnaTiv.e (#'2 

111h:e T.:.c.concf :-s_y.stcrri t o b~ sugges ted consists of 2 48- i nch 
lhcill_o,v :cone ·v.ci'lv_es :plus 2 - 42-{nch ball valves . 

(General ,op·crating procedure: - The general insta11ation and 
cqp.cxcr:t}on :_oT this :s_ystem would be similar to alternat ive /11 for 
tth c 11leo_cUc ·-.v.a'}vc-s. . (One h ollow cone val vc would be jnf',tall cd in 
nws·iuon 1/t.3 :and ·.w.otilc1 serve as the prirnary control valve. The 
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secon d holl ow cone valve would be pl aced i n pos it ion /13 and 
would be used only in the e ven t of a breakc}own of #2 or for 
additionaf discharge. 

The only advantage of thi s alternative relative (~ alternative 
#1 is a cost savings . The maj or disadvantage i s the hollow cone 
v alves have not yet been used successfully under submerged dis­
charge conditions. Consequently, it is recommended that a 
modest model study be considered as an integral part of this 
alte rnative . The purpose of t he model study w ould be to give 
qualitative information on the performance of th e val vcs as they 
b ecome submerged and eva luate the operating conditions where 
vibrat i ons would be minimPm. 

Th e capabilities of thi s syst em, which ·are discussed i n the 
next section , arc such that th e hollow cone val ves would be re­
quired t o operate with submergence on]y for extremely l arge 
discharges and rc l ativc]y l ow hea ds . Calculat ions indicate that 
a h ead in the downstream chamber of 4 feet c}-bovc th e 8-foot 
t unnel i s required t o pass 1200 cfs through the 8-foot tunnel. 
This calcula Uon i s actually very conservative becau se it was 
calculated ignoring th e dynamic effect of the j e t s from the valves. 
It i s therefore probable that th e va ves v.r ill not be submerged 
fo r a]] di scharges u nd_er hi gh head . It i s quite possible , however , 
tha t th e va]ves will become partial y or completely submerged 
for l arge discharges at smaller heads . 

Based on the op erat ing requirern cnts for th e past ten years , 
which lists the maxi.mum di scl)arge delivered of 893 cfs , and on 
the p resent cap abil it ies of the downs tre am river and canal system , 
it seems only remotely possible tha t a discharge suffi cicnt to cause 
submergence will be delivered in the future. But since the pos­
sibil ity does exist, it is necessary to verify the operation of the 
valves with a mocle l study if this alternative is sel ected. 

Op erating capabilities and l imitations : - For this sys tem, as 
for alternative fJl , it is desired that the ball val vcs not be u sed 
except under emergency conditions . The capabilities of the system 
with one and two hollmv cone valves in operation is approximated 
~n Fig. 10 . At a head of 58 feet t he two valves can deliver over 
800 cfs . The m ax imum di scharge of 12 00 cf s can be delivered 
by the two valves a t a h ca cl of about 130 feet. Si nce the reservofr 

. has neve r been below 150 feet since i ts inHial fjlling it is t~n]ikcJy 
tha t the b all valves will ever be nee cl ccl. 

If the situation arises ·.vlicrc the ball val ves arc required 
t hey should b·c operated only 100% open, i.e. they should not be 
u sed for throtllini. 
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T he only l imilat i on of th e sy~:; tem i s th e unce r tafol)' of°lhe 
p erforma nce of the va l ves u nder subme rgecl co nc1 il i ons . 

_A dvantages and __ i s a cl vant a gc .:' : - Th e ad vantazcs and cl is­
.a <lvanlages of the b oll mv co1: c val ve s ys t em a rc _s ummarize d 

_,,-/ 

b elO\v ; 

1. The system wi11 pa s s the require d 12 00 cf s a t 3~ fe et 
of h ead (p r ovid e d th al the sys tem ca n operate s ubmere e cl). 

2 . ] 'he b a ll val ves will n ever be u s ed t o th rot l] e fl ow . 

3. A se cond th rottling val ve ·i s a l way s avail able i n the 
event one b cco_mes inope ::::- abl c . 

4.. Non e of th e ball va l ves w ill normally b e r equi red to 
s eat or unsea t a ga ins t h e a d s i n excess of 130 fee t. 

5 . T he i nitial co s t of i nstal l a t i on i s l ess than alter.na ­
t ive fl l . 

T he d isa cl vantage of alt ernati ve f,!?, i s th e un cer ta i nty which 
e xi st s about th e performance of t he h oJl ow c one va1vcs u nde r 
p a rtia l anc1 c orn pl etcly submerge d c on cl itjon s . 

C o s l e s ti 111 a t e : -

Purcha se 2 - 48-inch h oll ow cone val ves 
R _epilir ·one bal l val vc 
E nl a r ge a ir suppl y system 
l nsl aJJ a ti on of val ves 
M odify b ul khead wall 

·. 11odcJ study 
Total 

$ 67,200 
l 0, 000 
5,000 

10.000 
5,000 

· l 0, 000 
$107. 200-

lt is recommende d t ha t the val ve manufa cturers b e rccmi r cd . . 
to f urni s h r eli able i:1forrriat ion 0 ::1 the di sch a rge , to rqu e o r 
thru s t , and c a vita tion cha r a ct eri sU cs of the ir val ves . 

Alte r nati ve fl 3 - --- - ----- -

Th e t hird sys t em fo b e su r;ecstc cl c on~;i°s l s of ] - 48- i nch 
n cccll c valve and 3 - 42 - inch b all vaJvcs with the 3G- i nch hol l ow 
c one val ve l o b e u sed as a st and - by val ve i n c a s e of fa ilur e 'of th e 
n e e clJ c v cl) ve . . .. -

Gcncrcl) opcralinr; procedure : ·· · T h e needl e val ve woul d be 
i ns tall e d_ i n po~;i li on 3 an d wou ]cl b e u se d fo r thro t t)jnr; . 1f a 
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discharge in excess of that possible from the needle valve is re­
quired the ball valve (s) would be used. vVhen the ball valves arc 
required t~e y will be operated only 100% open with regulation being 
m ade with the needle valve . S incc l a_rgE:r discharg es have never 

. b een required, it is very improbable that a b a ll valvy will ever be 
r equi red for throttling in the futu re . · _,,,,,., · 

In case of a temporary breakdow n of the needle valve the ball 
valve in posit ion #2 would b e used until th e repairs could be com­
pleted. It is r ecommended that f}2 be a stainless steel lined ball 
valve. If the repairs will requir e an extended period of time the 
36-inch hollow cone valve should be installed to replace the needle 
valve. The ins tallation of the needle valve should be designed to 
allow for rapid replacement with the 36- inch hollow cone valve. 

O perating capa~ilitics and l imitations : - The general discharge 
throttling capabilities of the system arc shown by Fig . 9 for one 
needle valve . The obvious 1 imitation of th is sys tern is that only 
one th r ottling valve is present in the system at any one time . 
This will increase th-2 possibility of needing the b all valves for 
throttling . Unless new ball valves arc pu rchased to replace th e 
exis ting damaged valves , the use of ball valves fo r throttling flow 
is questionable . 

Advantages and disadvantages: - The only advantage which 
might be 1 is led would be a cost savings . However, if new b all 
valves are purchased to increase the reliability of the system 
little . if any,_ savings would be realized . The dis advantages are 
listed below . 

1. Only one throttling v alve is presen t in th e system. 
\ 

.J 

2. In the event of breakdown of the throttling valve a 
ball valve must be used to throttl e the flow. 

3. An expensive valve must l::e left at the site for a 
stand-by valve at all times . 

This solution is mentioned as a poss ible alternative but not 
recommended . 

A other similar alternative would be to use a 48-inch hollow 
cone valve as the primary throttling valve with th e 36 -inch valve 
,as a stan d-by. 

Each · of the forcgoinr; schemes will meet th e d emand require­
m ent of 1200 cf s at 3 7 f cct head . '.fhc foll o·w ing alternatives are 
presented as more economical solutions in the event t hat the re­
quiremen ts c an be relaxed. 
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Altcrnati ve fl 1 

This alternative is sug_geslccl as the mosl practical solution 
to the cxisUng problems in the valve vault , provided some relax­
ati on of the requirements can be tolera ted. This scheme wou) d 
consist of the present 36-inch hoJlow cone valve, 1 - 48-inch 
n eedle valve and 2 - 12-inch ball valves. 

General opcratjn_g_proce~ures : - The exis ting hollow con e 
v al ve would be used as the primary control valve for free discharge . 
The n eedle valve would be inst alled in position #3 and serve as a 
s tand- by control valve for free discharge and as the primary con­
trol valve fo r submerged discharge. It could 2.lso be used in 
conj unction with tl1e 36-· inch valve for large fr ee discharges: 

For submerged discharges two possibilities exist. Fir s t, 
the two ball valves plus the needle valve can be used with cornp)ete 
c onfidence. If it is antjcipalec1 that more discharge i s required a 
model study could be con~lucted to dcterrnine if it is practical to 
also use the hollow cone valve u nder submerged condHions . 

System capahilHies : - If all valves are op ened, the required 
1200 cfs can be ob ta i ned al a head of approxhnatcly 10 feet. This 
is assumine that a model study i s made to conffrm the performance 
of the hollow cone valve submerged . If th e 36-inch valve i s not 
u sed submerged, the 1200 cfs can qc obtained at a head about 65 
feet. 

Most normal di scharges wiJl be satisfied with only one throt­
tli ng valve in operation, sj nee th e head in the re servoir i s normally 
above 200 f cct. 

.. } ' 

Advantages and disadvantage~ - The main advantages are : 

1. Only one 18-inch needle val ve ,vill need to be 
pur chased , which will significantly reduce the 
overall cost of the modHications. 

2. The pre sent 3G-inch holl ow cone valve wi11 be used 
in it s present l_oca tion, again reducing cos t s . 

3. T wo throttling valves are always present in the 
systc_m . 

The only di s::i.clvantage lo this scheme i s thc1l th e r equtrement 
of .1200 cff~ at 37 feet of head i s not quite possible. 
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Cost e s timate : -

Purchase 48-inch needl e valve 
R epair one 12-inch ball valve 
Enlarge air sup)]y system 
Install valves 
Modify bulkhead wall 

I 

$67,000 
10,000 
.,.,..5,00 0 

// . 5 000 . . , 
_3000 

Tot al $92 , 000 

.A ternative H 5 · · 

Other a lternate solutions to the problem are also possibl e . 
These are li s ted below but are not di s cussed in any detail. Each 
of t hese solutions \Vould meet the normal requi re_ments of th e 
syst em but w ill not meet the s tri ngent requirement of 1200 cfs at 
37 fe et head . 

1. Use 2 - 36- inch needle va lves plu s 2 - 42-inch ball 
valves . Thi s would give comp] ete fl exibility of 
operating eit:1er submerg ed o r free di scharge but 
at redu ced capacity . 

2. Use 2 - 36- i nch hollow c one valves plu s 2 - 42-inch 
b all valves. This would be the most economical 
solution 'o havfog maxinn m fl exibility for free 
discharge . /1ga in a model stucly is recommended 
for submerged discharge conditions. 

3. Use one 36- i nch needle valve, the existing 36-inch 
hollow cone valve and 2 - 42--inch ba lJ valves . 

~ummary cost es t imates for Val ves 

1 - 48 -inch ne edl c valve 
2 - 48- i nch needl e valves 
1 - 48-inch ho]low cone valve 
1 - 36 -inch hollo\'/ cone valve 
1 - 42 -inch ball valve 
1 42 --inch ball v alve wi th stainless s te el 

lining 

Bypass V a~vc 

$ 67,000 
120,0 00 

33, 600 
24,200 
23,0 00 
32,000 

It i s al so sugges t ed that con s id era t ion be given t o modifying 
the 12-inch bypass ]inc. For srnalJ di scharges (J ess than about 
30 cfa ) it i s not practical to use a 3G- or 18 - inch valve due t o the 
difficulty of controlling the flow accura t cJy , the i ncrea sc cl chan ce 
of c avitation cla mage , erosion, .an d genera l wear on the val ve . 
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Free Discharge Structure 

, I 
I 

The sqcond, general solution conside red was the possibility 
of abandoning the present valve vault and constructing a n ew out­
let works at the end of the box flume, whi.ch would be a free 
discharge outle t . .,,,,,,.,,-,· 

/ 

.After a brief consiclcr 2.t ion of the extensive changes necessary, 
the costs involved, and the advantages involved it · : as conclud e d 
tha t such an unc ertaking was not warranted. . The cost estimate 
based on a cursory study was $300,000. 

__ ,.. 

. ,. 

'· 
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