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Cetober .20 1944

Subject: Luborutory iuvoatigation ofcpraskh
lets in: Roaa Dam - City*o_ Seattl

1, Outleta at elovations 1250 and 1265._k‘t the preeent stase  f“L
of uonstruotion the raservoir at‘Rosstam“islbeing tilized for f?~"
storage only, During periodu ‘of | iaw flow in the Slag? S
.1mpoundad vutor is released through bypnlaée'atdelevﬁti ns 1250 and _,: ",{

1285, ‘reeps otively, into Diublo Raeervoir'whoreat_:f ,
powar for - the eity of Seattle - Dopawtmnntf f Lighting‘

‘During Jhnuary or 1943 an atterp_ﬁwaa made to loue the gata at
elevation 1280, but, due to: oircumutanooa thon not cleirly deter-g[’ i
nined, the gate fnilnd to oloae oompletely 'd“thu csble wél ruptured:ff’“‘ﬁ
during the procedure° The raplirs wera mude,'ﬁ‘the follaningf ‘__7"L
at whioh time 1t waa found tha+ the antira roller train on one aide
‘of the gate was gone nnd that, saveral rollera from t" >ther slide

the top of- the lowor pipe wan torn and pulleﬂ out of placa° Qeveru1:

other amall holen and pittad arosu wore fbund 1n,both pipos. ‘
damaged arota ware repaired by velding patchas ovor thu holea nnd }_'k,?'
£11ling the pittad ereas with: wold, (R TR L

| A second Inapoetion«WIs mado An. Gctobar 194 éﬁéﬁ“ii wnh fdui&'
‘gthat the pipe was agein damaged in: the . s&me aroa“‘ d,-in. addition,;

that farther davn oxthe pipos othor plaaaa were shawing ‘signs. of ”
pittimg. . L o o L




neither the: oxtent nor the smount of tha“danaga

the operation wns antioipated.,

,elevation 1265 will requiro n mueh higher reaervotr 5
safe Oparation.- ‘The. othor curvea on figure 1 ahow the.uressure:wand
diuohargoa that may be expeated with the disoharga cone:




with the hood have 8 coofficient of O 67

2. Outlets at elevation 1340 At theﬁpraaent tima oonstruo-igj.
- tion of the ‘seoond stage of Ross Dam ia;i progro:s, whure anothar‘
pair of outlets wi}ll be plaaedjat elevﬁtioﬁ;1$4o.:.The(6 outlats )
are similar in desipgn to those 1n place ‘at’ elevation 'izso and 1265
axcopt that the conduit pasning throughwthe da"iil ‘be'’. brizontal
and butterrly valves will be used insta dfof”Bﬁnge’ vﬁlv 1 ‘
.imilarity of the entrances in'the tw_ﬁA'“"m and f

in 0perating the 6=~ by: B-faot Broome gatea at” t}dil250 fo! ta ‘le

to the baliof ‘thei considerable troubla might ba axpaéienoadfﬁ_ B

the new installntionu g

Due to +he complax nature of the prablem. Enginoer J.:

vieited the project to atudy the situation with tho enginaering}ntar£‘  ::t
of the city of SQattle° During a aerien of oonferenoaa lt SQntt;e‘,wﬁ“aJ;i

d at Roes Dam s program of model utudiaa wa d
possible difficultles of operation could ho if:;'hJ
mwodifications - atudiad, ' ' ’
the projeot, R . g

3¢ Model studies of the Philips and Devies doei f;la 1.12,7f**"*
sosle model of the original dacign of the 1340 outlets wna con_tructod
according to the drlwings furniahed by tha:”ity dr’saattla.' he ‘de-
sign oonlistad of a trashruck ,tructure. n;G-ﬁ?" o e

and a rootnngular trnnsition to a 72 :

the butterfly valve. Thu dotails of the orﬂginal trauhraok dosign
and the Philips ‘and Davias trnnsition are shawn on figure 2} SR
and Ge The details of the butterrly valve and ‘the. Broomehgate‘arc o

shown on figures ‘s end’ 4, Toats with thia arrangement indicatad poai-qf ,""

tive presnures.throughout for any hsnd or oparating condition expoc-‘
ted at Roas Dam. The pressura oonditions 1n the- tranaition wera ob-«  f
tainad from 19 piezometerc and 3 pitot tuboa plaoed in a rapular
pattern -bout the trnnsition, The reuults of thuso -easurennnts are
shown on figure 6, ‘The solid line repreaenta the prossur&a in the
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transition with the hutturfly valvo 1n pla.ce, and tho- zpeoial symholo
indioate ‘the - pitot tuhe meaaurementl.; The

_ The preasnros ohtainod from thase tubas were higho\‘ thln
thoge from the adjncent piezomtora. ; ‘
of ‘the tra.naition the I‘low aleng' t:ha. 3
main ‘flow in the trn.nsiticn.‘ Thishoo.ndition
St 1t doss indicate that the. flow £ro, i
the transition sides and that ‘the void. 11
filled by an - eddy wh:lch ralievas amr nagative p.ra
tend to form, - The coerrioiont oi“diacha 0 af ‘the |
: | g te _head' wnu”'
over=sll eoefficiont of the ontiro ‘eutlat, ‘bas :
diamtur, was O, 563. o

- i\ro mdiftod'irrmgoment w'_
elliptioal plnn (rigure 2c} ‘and ‘ (1,
posed . r ' 0
: ; . At 2E' S
computed tra:hra.ck valocitios for thia douign are . shmrn on figure 6. -
The piezomtria prosauru in the trmaitlon with this rack An: p].noe,

for opamtion with. and- without the butterfly valvo, ara shovm on f:ls- e

ure 7, All pressurea. wero pc)sitive. uui satlsfaotory opnraticn n.y
axpe cted vith thiz dlcig:n. B ‘

&draulic drnrdown roraus on- tha 3roome § ate, Tki Broon. L
. gntoa will be und nornlly i‘or unwatering tho pm-toeka -aud..thu,font- Do




lots for inapaotion and maintenanue of the oonduits and the valveu.“i"
‘Under these oond:lti ona the gate would be: opened a.nd cloaed under
balanced hydrutatic preuure, with no I‘low through 'tho condu.it.

This would not cause na.ny undue IOad on the hbisting apparatus"au’tho; o
weight c-f ‘the gato e.nd I'riction are the only forcea .

emergency conditiana, \when tha gate is cloca de an unbila.nood

herd on the upstraam aids and with mximum flmr
the gate weuld beoome -.>de.f.‘1n1to contrql' in the
. pressures-on the downstraam eide.-_

"hydraulic drawdown forcm" oucure.

gate. The calculation of th

the heada.
sg"TheuractAnguaar"bérlndﬁthiErAnaition and %fhéﬁ}aok“' S
rectanguler bellmouth of fivure 9 ,1:1 combimtion with tho all:lptics.l :

trashrack or f‘igure ZC waa tauted to dotamine the udvsr.ts.gec of
thig design. over tha. previous dosign, it any.

‘arrargoment indioated positivo preasures thre . ut. The pie.'.nmtri‘

preasurea are ahmm by ths dashed 1ines 08 I‘igure 5. Th_o ,oyuer_eql’l




=

coerfiuiont or diloharge btsad on the oonduit diamator :nd the totnl

sign. This rapraaents LY 1 78-porcan:ﬂincreaa' 1 fd1uohargo'wh1uh

was not sufficient to wurrant its. uae in tha propoaed bypnaskin viaw ‘f

of the additional cost, waevar, 1n n turbine ponatock +h
‘al saving in- head might Jultify the oo.t; .f.» ‘ :

6. Conuluaionn.‘ Tho presaures obtainad in't‘.

valves are not uuffioiontly low to cause’ oavitntion,*“

&t Ross’ D&mo_ Ho negativa prausurea were pruaent whan he‘valve :nsf  ,' ;

operutod at full opening,. The coefficient of diachar

forces 1n .he deuign o the hoiating_appurutuao

The trauhraek valooimaas of tho ariginml deaign will be'mnte :
rially reduced by tha uae of the revised danign of figuro ZE.:; o

- The- cavitation and ‘he pitting 1n fha outleta nt elevntiou: "
1250 and 1265 (figureu 10 nnd 11) ware the roault of opernti»b
outlsts at low reservoir elatations without un QGBQHth contro“{ -

the downstream: ond to ralse - the proasuro gradient in ths pipoa nur-?f ‘5

‘ficiently sbove the. vapor prenaura of" wltern‘

_ Untll tholﬂbwoll-aungur vnlvou nrs installed, the co1dition 1n
the outlets at elevations 1250 and 1265 can' be - romndiad by plcoing
& 6~ to 4,5«foot disohargo. cone: 8 feot” 1ong at the- end of" eaoh pipo.~'
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- APPENDIX A"

VEM)RANDU Y 10 CHIRF ENGINEGR (TEROUGH R. F. BLAnKS);;~_‘~"~-
(J- E ﬁarnock) Tr—

Subjac;: Hydraulic model atudias of " outlets at Elevation 1340’and.u
” lowar bypass outleta in- HOBB Dam - Clty of Ssnttle,.x :
Washington. . S '

i’

la Inaea letter of narch 28 1944 Mr.-E, R° Hbffman. Super- o
intendent of Lighting, Depnrtmant of Ldghting. C:tJ of Seattln, S
Washington, made a reQusst for an estimate and a: contract for his‘

slgnature, covering a 'model of the. proposed outlet inst&llation for’

Rogs Dem at Elevation“lS&O, The purpose-of tha nodel would be to
determine the: possibility af oavitation i

flow of water under various heads betwsen',

water gurface at Elevation 1635. The fol

mitted by . v.,ha latter-'

Philips and Daviea Druwingt-ifﬁ

20548 Roller Chain. Hiveted Type
32164 = 16-inch Side Castlng
32185 . Guard Plate -
32720  Lifs. . Bare (Revised 4«2 9-43_‘
82735 _*Changas in Transition S
41031 _Bottam Seat Caeting
41034°  Bropme. Gate . .
£103%5 '.Gate Frame . e
41815  Frame, {Revised 10-90-43)
41816 ' Tranaition . s A
4182 ‘Grout Plates = Guarda and Roller Patb» Lo
</ (Revised 10~ ~20248) o
- 41855 . Assembly Drawing ER

Pelton Vater Wheel CDmpany Drﬁwiqgsg S

A-52729-48~01 . 72-1nch Butterfly anve : .
B=%2729-43-02 - Body ‘for 72e-inch Butturrly Valve

City Light Drawings;

D-lﬁléO—A Qutlet Jtructure at ulov. 1340
D-lalBB-A Details of Qutlet Structure at Elev. 1340




D-13171 Steal Dotails - Outlet. Stru”ture. Elov. 1540
‘ a {Revised to 1- -19=44)

‘9‘15292°1‘ Valve House st Elev. 1340, Plan and Elevutionsljt_
D=-13229. Details of Gate Chute Grating from ‘Zlevy 1450 7ﬂ‘ 

.t° alev. 1550 ror Outlata at Elev.‘ISQO

2a In & subseﬁuent latter. of April 6 1944«_tha folla'ing
drewings were tranamitted. rsgarding damage dus to cavitatian and:

pitting, which hag occurred in the ateel bypass pipea at Elevationi*~‘*'

1250 ana 1265 at Ross Dam-~

Philips and Daviea Drswingu. :3‘H°§f;.”';" v

41087 ' Lower. Transition Lining (Revised 11~7-58)
41088 Assembly Drawing (Ravised 10-24-28) R
41044- . Upper Transition ldning'[(Ravised 11—7-38) e

City Light Draw1qg_;

D'lsolo'ﬂ‘. G°ner51 LﬂYout of ByPﬂ:s Inlet Structure. na‘it $i'

‘ - Constructed -
D-13027<A  Trash ‘Back: Detnil .M(R visod to 11-22 38)
D=13029=4" ‘Steel Pipe for. ‘Bypass® Tunnel (Revised to

' ; - 6~14-38) (Marked to- show breaks~and pitted
DR &reas in pipe)  i*i i
D-13041 Two "B= by B=foot" Salf-Clotzng sluica Gatea
o Y i for: -Bypass Tannel . (Roriaedfto 11~18-58)

D=13054 'Bypass Tunnel Pipea. Grade‘und Ali ;
‘ S (Reviaed to' 4-5239) B

D=1312% - jPlan to- Elev. 1550 and ‘Key et

- | L to 1-16-44) e
Also transmitted by the same letter.,rere‘photographa LT- 405 to " o
1409, incluuive.‘showing “the bresk in. the crown of: the ' lorer bypaaa'\”ﬁ

pipe, and photograph RD- =578, showing t.rnination of -th -bypala pipot;ﬂk

iz the diversion tunnel._ This informstian was' submitu
value in making tho study ‘
Elavation 1540. '

3. Based on the 1n£ormation oontained in thoae two lottcra o
reply dated April 14, 1944, outlined the: difficultiea of 0perttion i
which might be erpac*ed from tho design which i;‘delino&tcd ‘on the’
drawings ligted in paragraph 1, = ‘The" suggestion’ ‘wag also made that
cortain changes be. -made in the deaign. using informution in the
Bureau filegs beforo ‘making a modol etndy._ In-a telephone conversu-'
tion between Mro Wg1 fendale, of the City of :Seattle, 'and Mr, Blankaﬂ
of thig office, we were informed that ell of the gates, valves and

evation 1540 outlets. have’ been purchased, .- The .
?=inch butterfly valves hava been delivered by the Pelton. Wctor

o




Wheel Company;fand?dgli#eryadfﬂﬁhqtﬁgﬁbyQSfféé
Philips and. Davies: Company, Kenton, Ohio, 1a expeote:

The papstodks*haveFbeénﬁfhbkipgtqd;but*potﬁdellyﬁiﬁd;_ v
thegcompléiity'pf;ths,pfﬁﬁlﬁm;ﬁthéwguggdétiqn?wébﬁmadgﬁthtﬁt'
writer be sentfto%ssattlé;toisfudyﬁﬁhdrdﬁghlyﬂtbe‘§ituéticﬁ*ﬁ5t
.thexCity:oﬂ:Saatti&ﬁQnginspis?tofwhiphﬁu}gﬁW61féhdélé%£§hééd

4. In a series of conforences in Seattle ard st Koss!Dam,
April 26 to My ¢,'with Wr, Wolfendale:and his enginsering atif

‘ f;
program of model studies.was prepars yyhérapyfﬁhs;posiibléﬁdfff£_

eulties Of‘opefa%ioﬁ*ih'fhe'ultihaié“install'tiq of the lower: bypass .

outlets end the;a;éyatiopu1340;éu;15£swcdu15;_,ia;Qﬁipéd;ﬁggdgpbs
aible‘modificatioﬁéystudieda'ﬂtiliﬁipg{tﬁeféQﬁip' t already:
chased end partly delivered, -4 solution to the present pitting i
'the~lowermbypaszdutlet&}wké,glapgpﬁggbqted,tthéﬁdotﬁil;ﬁof&ﬁhich};_"
will te descrihédﬁlatergfYThaiprqﬁoiéd}prégﬁéﬁ'of?itudiééi_ ‘a.model’
~of the outletuwathléiatiqni1340;gténtat;valyliﬂblpdésméigh teats:

as follows; L e T T B

‘ ésure: pressure distribution in the presentide-" " .
-sign?E?T?EE*ouiietfstructﬁrdﬁagdibutfeffly}ialte;,aséuhqwﬁpon'j{‘
.drttingqué151509Aﬁgnd?09;§168iA,{with$gntaQQLOtgﬁtfighrhqu\ﬁw-V
ulat,?gnd_stoplog:slot;in;p1a¢é;ﬁaﬁd;@éh@ﬁrgarprapa;Qn?11rt£ng‘
;cables’for=ﬁroome*ggtgadur;néfnp“sﬁéfghngy" logure, oo

‘Test. la :Me

Test 2, SSéﬁpwgégTésfflﬁéxdé?ttﬁgig

mouth entrance 'ingtead of*the-desi by

Test 3.  Measure pressure | n the p n

. of the outlet structurs and
- 1inge D+13150-A: snd D-13168-4, with t
- structure upstream from:the plans -
~seet removed; and ‘measure foroe

‘gate during an.erergency clomure. ;This test is.to evaluate the . -

;fodct“dethQ?iaﬁﬁ“beitrﬁéh;iﬁing;iﬁithéfiﬁﬁggéggtf?Ptuéq up=
streﬁmerom”thévbdllprwt:@ih739 0 ’thgjptégggreﬁnop§1ti§n “dn.

‘the outlet conduit, '
| Test 4, SameginTraﬁffSﬁ'ioébfiﬁ?igéﬁakricﬁﬁﬁéﬁi&rébei _

mgutﬁttranﬁition?inqtead}qf’tﬁéWPhilipétapg;Déiibsﬁdaaigj} S e

_Téétﬂs.'i&éasﬁre«prasBu;é;ﬁigtribﬁtiéﬁi1nﬁfhe?outletithuh§i:¥"

tion end cogduitfwith‘n-rebtdhgpla{nbellmgﬁth*tranéi}i@g@similar”7 o
to those in the1Shasta;Dnm;pbwa3pépitb¢kii#t&kﬁssz§tygﬁhefi*fﬁ o

‘Broonme gate as; furnished by:the.menufacturer; and with s trash~ °

rackieircular in plga,evér;both&conduityyntranoés|;pp FeAsure. . -
forceg on'lifting*cablce'foéfﬂroomeggatesﬁdnringunnﬁnlbfggngy';fx,MJ

closure, This test is to eialunta‘thgferfoct;offa-rocthpgular"‘
bellmouth trensition on the pressure.conditiors in the outlet

3




conduit with po chnnge in’ thc arrangemant of the Broome gate i
seat and rcller train seat. . S S
Test 6.- Samﬂ as Test 5 exceptﬁthat the nﬁlldr train will
be moved forwerd on the Brooms 'gate: until the roller “train: saat

end the gate ueat'will be in‘the;same plane.: at the:bottom of -
the gate {Case 1, drawing D-12303). <The purpoge; f"hia teat
is to determine the offeoct ofthe ! sharﬂ corners n the loeal :
pressure: conditions in the transition. i ‘

Test 7 Same as Test S,Vexcept that the roller ‘trai; will**
‘be moved forward on’ "the ‘Broome. zate: until th ‘ller ‘train -
seat and the: gate aeat will'be in: the ‘same plars: at%the tOp of. ¥
the gate (Case 2, drawing 12305) ihia complataly ‘eliminates R
the projecting sharp edges produced by the" differepqe nfslope¥]
between the roller-train seat and the.gate: geat, 'and allowe = . .-
'further streamlining of the" sides of the trgnsition.,JwJEmawrqum~-7 -

‘ _ Test 8._ Measure prassurs distribution i':un outlet deaign: e
vsing & Tixedewhesl: conater ‘gata. ‘similar: to those for the Frient '

‘Dam outlets, closing in an emergency.overis’ fu11y~dev310ped cir-}“f~7

culer bellmouth.transition and with: the Pslton Water Wheél Com=""
‘pany 72-inch’butterfly valve. on the downstream end. - ‘This'test ' .
is to evaluate the difference in pressure diatribution between s
& rectangular: bellmouth trnnsition nnd ‘8. rully-developo -
mouth entranoe. e i S ‘

All of these tests nhould be mnde with 8 wide rangﬁ;of operating s
head, so that:the maximum. allowable head - could “be determined in. each" i
case. The maximum allowable head should be. that' hesd which would © =
produces;nct less than nppruximately ona-half atmoaphere ‘of - suhatmos-;'
pheric prossure.at the point of lowent .pressure in-'the: outlet’ struo-r{A

ture. This epproach is prOpoaed since the deciaion ‘has not: bean madelng T
es to the future instsllation of" outlets abqve Elevntion 1340; th9r9~ﬁ  o

fore the maximum-opereting haud on- the El”'“tion 1540 Outlats
bhe stated at thiu timeo‘w,-‘ T

5- | In a, letter of May 12 1944,4"additional drgwlngs.‘ d' photo-

graphs. requautudxwhile I was in Saattle -were. transmittad ﬁs follawag ; :fftw

Polton Wuter Wheel Druwingsx (photostata)

B-SZ?ZQ-&S-O“ Dinc for 72-inch Buttarfly Valve . O
C=32720+43-05" Dicc Baat Ring for 7d-inch Butterrly Vhlvo B




City Light nﬁwings‘_

D=12%03

. SR “Broome" Gntes PR o
D-13077 Detnila or. Reinforuing Stoel 'iin Omporlu'y
: . :Stub. Steol and:Koys for Tuture
4’ Outlet struoturo for’ Dl.-‘-fto'
SR 1365 (Ruviaeda&-?&-iﬁ) . T
D=13132-4 _‘Plan for Extendi: i o

D-13196 - ‘at.

SRR (Preliminnry)
D-18217 " Plan for’Grouting ;
: - (Reviged: 2-29-44) S S
D=13242 “Prapoged’ Reotangular’ Bollmuth 'rrgnaitlonf or, "
Raloontod Int -ko t: Elav. 1842“ : ’

Two photographs RD2-=145%- and 144 ‘were ' n.llo enclond, lhmring the
upstream face of the: openinge: a.t Bl.evation 1840, - Drmins D~18317
was transmitted for -.nothsr purpntmand will bo cu.u\uled

rate letter, -

6. A roctangul;r bellmuth dn:lgn for the 4 1tiox
‘adapted from the design of" the Shasts  power. p: 0 ake b
mouth by the City" Light: ong:lnoarl.j Skatohol (dreri D«-lm b
slgo been -prepared, . shom.ng ‘new - poaitions of .the ol or
riages a8 praposed f‘or Tustr 6 n.nd 7. ‘__,

T According to the prenant donign o tlu outlot struoture,
shown on drowings D-13150~A -and - ‘D=13188=4, gatesiare
cperate in.a gate chute 2¢: A=1/2" wide: by :8?,
streight line from ‘the topiof: the :future’ ooautmntion levati
1660, down to approx:lmtelv Blontian ‘1835 (SQotion ‘Awh, ey
‘B=13188<4), Since the: face of: the dam {g. notawrtionl i 4
bottom,  tha gate chute. extends a mximm of ‘five feat, up
the face of. the dam, Since:it’ ‘appears highly. deairlblo
the slote.with sharp corners in: :front.of ‘the | 27 )
logical revisien would: be to: eliminate it ate
to the top. of . the. dam, ‘and substitut- cam;
guide hooks, attached to ithe “Brooms: gttu
of deaign has bean.uged- ntiat‘mtorily 0 ;
been installed -at Friant.and. ‘Shagta Dams, - This. ohmgo:ofdosim ]
will affect a congiderable- uving. duo to - the: oli.ination*
gate chute and supparting . ltruoturq. g

because if 1t s made, 1t will.affect favorably the po.itioafufitan'?9‘(

transition to the' _ponatock, inusmich as the: gate .cent: will hob‘;,u_t_m
downstrenm slightly, - ‘providing. mr:o_roon 1n the - tuuhuol m;. e




8, The new. 6-=by 8foot Brooma gates, montionad in parugraph”;'fj
3, now being fabricated, willibe’ plncad in'the: bypree penstookl At
Elevations 1250 and 1265, to replace the: pro-cnt gatal, whioh'willf,
be moved. to the Elavation 1540 outlets.-'r\ L ”

‘9, In hisg latter of Aprilfs"ﬁr. Hoffman doscribad dnmnguwin}q v
the bypmss pipe -at Elevation’ 1260, ‘in which a lirge seation’ An‘the
crown of the: plps was torn and’ pullod down with ra ‘ ’
around it. 7The size. and. 10cation ofthe ‘holes: 1tted. erll wcro‘
shown' on ‘drawing’ D=13029-4, Traces: of‘nitting by ocavitation were
also found in the.bypass pips at: ‘Elevation’1286, The torn neotion
has been replaced and the pitted areas covered -with" 1/@-1nch plntoe
welde 1 in plece, . These bypnus pipas were: 1n¢peoted on April 28, . ..
Judging from the traces of pitting -all through’ the:pipes, 1t is: cvi--u‘
dent that the preasure. gradient throughout the: pipeu ia .very olo:o s
to the vapor pressure of water., The- reservoir is: only: partially
filled at the present -time, With a docrease in head: ehould tho ‘
reservoir be drewn lower, and & -alight: 1ncreaae in‘the: vnpor pro--urp
of the water, due to summer temperuturea, the extent of the .oavitas

tion will increass. Since it is not. contemplated ‘that the amtension fﬁv-

of these pipes ant the Howell-Bunger:valveas at tho downstream:end = :
cen be installed for some- time, 1t 'is: rucommanded that?a?conutrtction

be placed on the end of each bypass pipe to raise- the:prdasuro gradi-““~

ent throughout the pipe, so:that the nnximum subatmoapharic ‘proeasure
will be approximataly ‘aneshaif: ntmosphara under thawtovorestWOperut- S
ing conditton, 'This constriction: -should cbe:the frustrum. ’ ‘
cone to fit the presenmt pipe,;nith an- oxit dismntvr of 4.5

& length of 8,0 feet, The present- pipas ‘should:be:removed: nuffioi- :
ently far back so that the norzles will-not: axtond nuoh*farthor out i
from the supports then tha preaent pipo. ny ' . Nt R RS I

10. Com@utationa show the . pr-ssure oonditiona “in :the two
bypass conduits to:.be:as: indioated by the: upper set of. curvss;markod
Fexlsting deaign" on figure A ‘For:the: runge af: heada l'lil&bl‘*lt :
the presant time, the pressurse conditions in both the upper: and lowar ,
bypass conduits are sufficiently. low to. duvuIOp onvitation, i
subatmospharic pressures of this mgnitude: axisting iu.tiall
conduit, pitting- resulting from cavitatian, is: aggruvntgd by}thn_;:ﬁ
slightest: ehnnga in -gection, . roughness in thq eondui “or )
at a joint, 3
ting as most severe. 1n 1oca11¢ad arouu.; “Th B DI 21 TR
expeoted with the noztle or:the end of each:oondult.are’ ahowr in(thng
upper graph of figure l. Pressures as low as. one—half ‘of an; taou-r
phere oan. gtill exist in the upper: ‘conduit for ivery low hoadl. 5 ¢ SRS
was not thought advissble to constrict the nozzle. any fnrthe; A8 thm ;

4.5=foot diameter reduces the discharge of the: sutlota aona“o por- ol

oent comparod with the -existing bypals layout.
11, ‘While it has not been ngntioned in previous oorrtspondonno.




the question was diacusled in tho confarancos 1n 8lattlo and at Ronn _
Dam, an to the spray: oonditiona whinh will ocour'with the Huwoll- S

tion considered: during ny viaitanhf whioh pears:to’have ‘conplders -
able merit, is to place:the valves hat hey: will ‘discharge: under. ;
water, If the centerlinme ‘of - the’ valvaa ‘placed. at. upprox1nately_"?
Elevation 1192 thers would be" frOm 5 to: 10 feat of -water over the itop
of the valves depending upon: the: staga ‘ofthe: :Diablo: Ronsrvoir.; ‘The-
only spparent fault st this time is:the: pacsibility ‘of :adverse prol-‘;'
sures on the stationary pert of the: ‘valve sont, To: ohook ‘thin foa-
ture and to study ‘the.action ‘of the ‘valve: when mbnnrged.- ‘

1s proposed as disoussed: with Mr,: Wolfondala. :That utudy ‘he ﬁboen
included in oontract which is beigy: preparad ‘for. exaoution. ‘Itiis
proposed, howsver, to have the: ‘srudies for the -Elevation ‘1340. outlat- _
have precedence over the ‘lower bypuaa valve atudiea na the fornnrﬁtra o
more urgoutly neodede‘ : - L R g

12. A oomputution has been mnde of the preusure oonditions n

.discharge of Q. 90 bnned on tho nroa of the oonduit up1 ‘i%‘””"*‘yuﬁ
valvea. ;o i

the - performanca of the 7alve. with a ahiold as’ propoao L

Smithy dischsrging submerged, and:with:free: dianhnrgeof‘ y s
shields are installed, ‘the: pro-aure oonditlona ‘inithe: conduitsﬁl ul
be improved due to the inoreaas of ‘friction:loss in:the” 1natullntion.
Disoharge curves. far the ultimte byplss inirtalistion ‘are .shown’ on’ o
‘figure 1, These show lowar diachnrges than tho ourves on: c1ty Light 55
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