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_ 'UNITED a-rm:s "
DEPARTMENT OF THE m'rmoa
’BUR:»:AU OF mwnnma

Brench of Design and Gonstruct.icm SRR Laboratox-y Roport no. 119
Engineering and Geclogical Control - - Bydraulic ‘Laboratery
and Reseurch Div:l.sj.on S ‘ Gonpiled by: J. U. Bradley

Donver, Colorado . - SR Fnﬂawod ‘UY:
Jenuary 21, 191.3 : E R : S

Subject: Field accep’t&mce tests, on 'bhree punping units furnishad
by the Morris Machine Works under specificsticns: No. 1492-»1),
Pumping Flent "D - Modoc Unit - Tule La.ke Divis!.on,
Klama’t.h Pro,]ect. . S S : S

THE PUMPING PLANT I\ND I‘I‘S PURPOSE

In aecordance wlth oﬁ‘ice 1ettsr of October LL, 191.2, S
~ Acting Chief Eng;i.noer ta Supex’intendent, Klanath Fallc, Drezou, ; -
Pecep'b!mca tests wera made together with & mochanical mspwcum e R
of units 1, 2, and 3 &t pusiping plant "D", Tuls Lake, Califomia.‘_-_}‘ R
dur1ng the period of Octobf=r 21 to 30, inclusive, 191.2. Ly ,
The plant (figures ZLA and 1B) 1s located- on the nat bank of‘ L
Tule Laks, 5 miles weat of the tovm of 'I‘ule L&ka, Cal:l.fomia, lnd ‘ e
ahout 35 niles southeast of Klamsth Falls, Oregon. Plamt D%, . .~ =
although. the largest,’ is. one of a number of pumping planta whieh o
are used to control the 1evel of Tule Lake.. The 1|.ko‘.'i -‘
" one time covered = vest ares of Bwampy but very fertilo 1and, ha' e
'beem gradually reduced a.nd conrined by dikes unt.‘..l 1t 13 ncw anl:r,_;"i-,; ';- : i e
e fraction of 1ts original size and the reclaimed 1and rawlting
from the - unwatering operations has been put under cultiwtion A
This plant 1s necessary to i.nsure agAinst t.he water loval aﬂn'- [ i
topping the dikes during the- uat aeanon of tho yoar. Plant 'D' | RSN
consists of three A50-horsepower units (figure z).‘ ‘rhe pt.unpl are e
of the vertical, aingle-auction type, measuz'ing 24 Mchea 1!1 di.— 5 TR
ameter at the suction throst and 30 inches at t.he discharge i’langa.
'I'hay have & roted capacity of 50 socond-foet ee.ch for % to'bal pulp- e
ing head of 64 feet and a speed of 600 r.p.m. (apeciricatioun |




N\
-

No. 1492-D), and were -uppned b,v the Morris llachino Worku.v The % -
pumps are diroctly connncted to’ 2 300-volt, three-phaaa ’ 6U~cyclo
aynchronoua mohara which wora auppliod by the Electric uachimry
Hanufacturing Gompmy The motors are rat.ed at- 95 Parcont lfri- .»
ciency for unity power tnct.or at full load. : 'rha pulpl are rntod i
at 87.0 percent efﬁeionc: uhnn punp.tng 50 saoond-tut under & o |
,tot.al pumping hud of &. tut-, and t.he ovnr-&ll efﬁ.cioncy of tho
units should thereforo be 81.0 percent. R s
The pumps hlw 1ndiv1dual amtlon tubea prof.oct.od by ainglo

rack at.ructurou, wh:l.ch u-e lupplied \dth 'uter rron a. comon un- : -

paved 1ntake caml (ﬂ.guro lB) Each punp diaehu'gu thmugh an
sxpander from 30 t.o 36 :I.nclnl in diametor’-'f‘;t..hen t.hrough a short. S
section of stael pipe to 8 reinforcod concret.a pipo. y The three :
_concrete pipoa connrgo uto a aingle threa-bamled conduit,
some 360 faet. lorxg, lhioh eonveya ‘the: wat,or up m moline t.o a A
ghort nection of opon uhumel (figurn I.E, 1!‘, anr.l 2). To pre- “
. vent the flow tron nnrling during a pmer out.ago, a 36—inch cheekf‘
gat.e :ls loestad at tho mtlot. of each of the t.hru cunduit.s of l
the concret.c ba.rrol., '.Ehess gatu are, also noenury during tha
pr.'ming oparation. _Th' lhort opan channll aoct.ion at. t.he chack
gates aemu aa a t.msit.ion to guidc thu ut.er 1nto a 5 75-root

_horanhoe tunncl 6,700 tut 1n hngt-h Fron this point. on t.ha ;5 i

rlou is antirel,v duwe to tbo orroct. or gravit.y. ;Tho t.unnol diu—

'chargu into & t.rapuoidal cum.l rrau llhich 'bhc 'ntor can be out.od“.i:;

to cult.int.ed landn mr tho projoct for irriation purpuuea or

_wutad 1nt.c lonr nmth Lako and thencc t.o th. oeu | via t.ho -ﬁ. : |

| | | 'msr scnmum . - S

To aupply data for the efficiency a.cemmum of thc u:m ; e !

nnitn, 'r.ha follwins nouur-ent- -oro tnkon: e
.(a) m.urmm or qnmtit.y of wator punpod




(b) Detemination of t.he tom ptmpina head dofined in spoci- -
fications as nthe diftorenca hetnun t.he anorgy ot t.he wat.er :lna;ldo»
t-he trauhracku and the elention ccrruponding bo tho pm“m hud L

plua the averagc voloolty hoad measured at the punp diacharge pipo.

(o) Ilaaammnt of pmnr input to motor. SR A e

The ronmdng wern ucondary consideratiom :

» _(d) Moaaurem-nt atf t-rashrack losoea.‘

(e) Wesswmnt ﬂf pipe line louon. : S

"(.1') l(usurmm of chsck gau 1ou‘ -a; o

|  MEASUREMENT OF DISCHARGE 5 |
, The diacharge 'u'aa mcalured ovnr ln B—foot recungular suppraaud
~welr upecially conatructed for t.heae ‘fffeatn and dcaignod to atrict.
accordance with the Standards of H,vdraﬁnc Institute code. This
© welr was. located in ths t.rap-soidal canal approximauly AOO feet

dmmutream from tho out.let of the horaeahoe tunnel o. mila and a.
half from the plan‘b aa tho crow rlies, or 13 nilu by road (f:lg- .

ure 2). It was utimatad t.hst 25 minutes ura required for a v
_ given volu:ne of water paaaing through t.ho punpa m nach the woir.
'!'herefore h-ad me&snremnt.s at. tbs weir mr- comomcd 25 minut.eu
after correuponding obmrmt.ione werc imdc at. t.h' p\mps. ‘ The head

on the weir was maamd by aomo twelve observationa, aver a period e

or 30 n:\.nut.oa, by a hook ;:go roading,to‘ t.hounndtha ot a foot :
(figure 30) “The guc nn wu det.c , A:ad imndh“ly barora and
after t.hc teutc and Iu fotmd to have changed but. alightl;{ during

the period. Loakagc put ﬂzo weir togethsr with canal soepa.ge up- |
stremm vas “’WRW‘» Photographs of t.he’f‘mu are shownas . M

figurss lC und 1D, a diaehnrge curva for thic nir, computed

sccording to the. Hnilton satth formuls, is shown on figwe b

Mine runa were made on unit 3, m-n on. unit 2, and eight on unit 1.f.

Tho head on the nir, dicchnrgc ’ “and condition undor which each run
was. mda are uhoun 1n colmm 3, 14, ard 59, rnpoctivoly, of t.ablc h.




nmmnmtoa MAL PUHPING HEAD

) t-cmal maaurcd at. gm 2 muido t.ha truhra.cku (‘um_‘m S
- total P'ﬂpins hnad, H, 'u tharetore dat.nrmimd "‘rfollon;

u-h,+(1356h -:)+va‘
S RN 25:,

- "h ‘m ut.ml auction utt. o S pullp n Teot. of wat.cr, S
" t di.ncharge prom:ure obt.ain-d framipot. gage 1n |
| fnt of mercury, ‘ L o L
(13.56 Ry - 1‘) - discharso preum-e"' : "fbe of wnter,
B correctéd t.o read above E of pmp, and T
V:d -volocit.y head at diacharge tapa 1n feet. a_‘ =
As 8 mat-ber of 1nt.ereut. the tot.al puuping hcad m: also‘ dat.a e
mined from t.he mnuracturor a auct.ion and diachafg t.apa '1ocat.ed
en t.he pump pro;nr. 'rho u.u mrcury pot gago na uploycd to
. '_menure tna dischargi pranure but an andit.ioml urcury U t.ubo
: (figure 3A) waa r-quirud t.o obuarvo t.he nogatlvo puuurea a.t thc e
o auction throat. of t.bo plmp. The aot.hod oi' computing t.ha total pump--n=
' _ing head 1n thia cm wu u tonun: e e
‘ "_.510(135&: ¢f)+(1356h

o __h" = auction prusuru obaomd :t‘rom manufact.urar a

uuction up m rcot. of mercury, _

s




| (13 5&‘ "' f]_) . 3““101’1 Praasura 1.n foot of water, T
corrocted t.o E or pump T S

‘fh ‘- diucharga pnaaurc fron mutactunr'amdia- .

ehnrgo tap 1n root of mrcur:, b R
‘ ":"_‘;5'(13 56h -f) = dim:haréa prouuro cdrructad to f. ’

Lk bilpmpinfeet of wat.or e '

“_~'7HV - nlecit.y at mufact.mr's dischu-ga t,ap 1n

: !'ut per accond snd P Ghe
V "j - ,ulocity at. lanuf@.c‘bmr'aluctiontapm S
: B rut por ucond. e : o
e tom pmpmg heads aa conputod‘u-ing the T. 's,—,a'a. clis--l: R
) charge tapa- and t.hl act.m auct.}.on 1:Lrt.m nhcm: liat.od { umn

. of table 4, md the t.otal pupj_ng hgad. ,“.thllllld frﬂu tba ua.nu--*”f{"l_-‘-'

facturor's dischargo aud snntion t.aph,,_ h t.ho pmp ’m nsted 1n

column 20 of ﬂ" m tlbl'- ; It is :lnteraating t.o noto that. th |

h“da m“w 't' “‘° ’“n“f“‘“""‘ '“‘ ‘u'ch&rs' tﬂp- m conaiﬂ ; ontly}':“-;;

R T percent highor t!nn thou oburved ét_ 't-he U.s.B.B. taps (columa_ o
o 18 and 13, roapnetively, t..ble 1.), but. the wm pmping heads AT

“(colunns 20, and :U.) m conahtontly 1 l. parcont lmr t.han thon
obt.ained by tho 0 S.B R. uthnd. ke It. 13 felt. t-hat thia expcrien :
'pmoa the point. that cucunto pmssurc roadingn unnot , as a rulo-“’ ik

_bo obtained fron suztion tnps locntod :l.n close pruﬂ.nity to a rotat.-"-%?;f_‘ | ,

. ing pusp impeller. It can n-o be pOi.nt-ed out. that only the 1oaa‘.,.
: _ 1:: the. plmp propar -u comiderod wh.n muuring the hond at. tha =
" ‘;unufactunr'a t.lpa, uh.-ue t.he 1oas 1n the uw:tion tubc K’ua also "
"'i.naludcd froa the tom p\t.ping hoad [ conputod by the . s B a o
R mmmn"r or Pcm:n mpm' ro no'mn N
i 'm j)mr 1npat. to tho notor was oburnd n-on t,wo accurutc tut.

ut.tnot.ara which um-o =nlibnt¢d bofore and .rm- t.h. tut 'lhon

_  um-e connoctod in t.h u:ln .u.nen ludiug t.o t.hc glnt as shmm on o

g




figure 5, through aecurnto teat potential and current transformors. '
The | power a8 moasurnd 1no1udod the enorgy to OParata the exciter i
llﬂnd current loasea in thn rheootot 28 per specificationa.l" o

citer rheoatat was adjusted s 3 to balancé‘the readiﬁga7onlt,° T

measuremant iu shomn 1n column #4. g L o
As’ the panol instruments could not benread accurately,_ . 86 _

tive voltmetar and. ammeter were connecbed into the circuit os ahown :‘fd

in figure 5. Thaae wara read aevera¢ times during each run and the ;Wﬁfﬂ} 3':
&verage readinga are listod 1n 001umns 50 and 51. 4 !-ormally tha line;‘
 voltage ranged from 2,400 to 2,500 at’ this plant;h By shifting taps .

on the transformars in thu anitchyard it was poaaiblo to reduce thef7”375
‘voltage during the teats to the valuee shouo in column 50 which |
considered satisfactory.d The voltage remainad quite ateady during ‘

the day, except for the ‘noon. hour, at which timo it showed an incroasa;t;n
'of as much ag 50~ volts.; The power in kilowatta as computod from they i
‘teat voltmeter and’ ammeter is ahown in column 52 . re

the units at unity powor ractor.,idj‘ ‘ ek
- Asa third check on the power consumed the rotationsf‘
station: watt—hour metor disk were timedf”uring each run andl
in kilowatta obtainod in thia way 1e listed in- column 57.u1”¢\. G
A oomparison of the power input obtained by the three mzthodo-dﬁ-.fr‘
'of measuremont (ooluma hh 52 and 57) shows the results of ‘the teat
 voltmeter and ammeter combination to" be aa accurate as- would bojfﬂ—'” -

expected and the power input as. obtained from the watt-hour meter

_‘ké;_




‘gat.ea. Figuro 11! ahan a v!.nw af t.he‘:open tra.nd.tion uction :

check gateg wit,h To flow Mgnre lf"s . "‘"'ths trannition during t.ho G

high leval with I.m.lt 1 in oporation.&

by regulat.ion oi‘ thl nndln 1n the t.emPorary chock dm shown _m.;the,

touground Gage 5 is lhmrn on t.he J.oft":and 3;%0 6 1n t.he center '
of figure 1r. In aom cuu, thn check gatu nro eperating i.n . .
t.hoir nomal poaitiona md in bthe"-:casos t.hjy nm lifted comphtuly ik
out of the wa.tur. 'nun 1n ot.hor runa t.he gatn W acf.ni.lly bloclmd
| in e partia.lly e].oaod posit.ton to 1ncrone'“ ho ﬁoad: on the pmnp. LA ;

Aa a matter ot 1nt.erut., t.be uver-all erfic:lonniu nare computad ; _

"]i‘“" for unita 1. 2. n.ml 3 on ﬂauns 7, 8 And 9, g.;p,.,u"ly.‘.‘ o
.‘n-n dotted curn- were taken rron llorria l!uchim Horka print. ey

. mo. 32251. -hich uu subnittod by t-.ha manutmt.mr prs.or t.o dcliwry S
of the. pumps. Unit. 1 1a “one porcent loss thnn tho over-ul ¢mantudf-.;-”




' efficiency, unit 2 exceods t.he requiremnt by_ 1.3 porcent. and_,f;i"‘ '
unit 3 emctly meets tl;ow requirement ro”' =th‘ : aitd haad or 6&.-,
‘-feet..‘ ST P DU TR
| e msamcxmsms SR

The losaea throﬁgh the aingle "'"aahrack structures won‘ o
'obt&inad from the difference .in eziergy’ neaaurod at.\ gagus 1 andi?; :

2 (rigure 3A) Thue m quit.a mll, a.mount.ing t.o .an .iveragef,f-.;” :

of 0. 012 fcot of water or 1.6 _'Vz y where V. equal. anngc 2
'vnlocity computed amu t.h. ncgion at gago 2.‘ The lou
measured for each run m tabulatedin eolumn 105

. UsLng gage 6 uh.tch consisted or a wate ;tube uonmcted to i
the air va.lvea imdiat.ely npatream I’rom t.he 4ehock= gites (f:lg- b
ures 1F and 38), tha tot.al loaa bet.wem t.hia point'md.gaga 3
was deternined for the ‘runis on units 1 and 2. . The total mrg} .
 at the U.V.B R. tnpn wag 1n thie ca.se camputod“uai'nugl a velocit'

head correction factox{- a - 1.20 which tu baaed on oxperi.m ts"f
| on a.’mgle suction pumps.“ m cnrrectad velocit.y huda m s oun
in calumn 25 (t.able a) n.nd ths trun total energy hoads, uxpnaud .
in elevation, are listed olmn 27. & B

‘baaad on various aourcn, t.hn most recant or which wu an arti.clo
1

written by Victor L. Strester’. I this case the 'nlocity diatr!.-‘?j‘-: SR

-bution in the pipes in the vicinity of gage 6 m eonnidored

unite unirorm. | The curnetad velocity haade at gago 6 are liatod".:i 2
in column 30 and the total onargy heada, expm ""od_ in foat. or elc-‘i-“-i"""; o

- vation, sre ahown 4a coluun 31. T

1
for Open Channels of Great. Eidth by Victor L. St.x‘ut.er, c:.vu
Eugmuring, April 1%2, page 212. S L B

The Kinetic Energy and l!osent.ula Correction Factorl Ior Pipon nnd L



e, total 1"'" awasur l:jf‘f'b“*"’“n sagea 3 md‘évfor the. variona e

':'conditiona of tlow m‘ubulatod in colunns“3’2 a ST e

'rho axpmder nnd bcnd louu, as L1 inntacl to the two pipe '
m aumriud 1n aalumn 3&. . Doducting the httor nluu frcm eolmn :
'33. t.hn ronnlting pipo lono;'f (colunm 35) wuro obta:l.ned. ' i

- The !‘rict:l.on fautm- "t" in ﬁho formulu hf a f _L V2 » for tha" L

| caﬁbinod 1angth of cmﬁrﬂo md suu pipa i rmgu fgm % 0138 ,f,o'

. 0,0121 for Bsynold'a numbers z-a.nging n-m 1 192, z&. to. 1 34? 921.
(columns 36 and 1;0 napect.ivcly). 'rhese figurea 'ould ind:lcato
uxcuptionally mooth cancrnt.c pipﬂ. RN,

R cnmcxmmmssns Sl

.. Two mct.hoda uuro uud t.o measure tho .check ‘gatt losses, bot.h
of which showed comparable results. Inthe fir"t_eau, t.hef’:f.oas"
wae oonaiderod u th. di.ffarence in atat botmn gagu 6

as ‘the. check gato lon. - 'mo aaccnd mthod ia ncb s re
the firat. 'l‘he chcck gato lowaa, in fcet. or wator t'are shown"‘i.n

column 39, wknre V repremts the velocit.y in t.he 36-i.nch conduit.u_-_ e

The rlap gate loaan averaga .46 v2 for the outnidc gatu and
0. 6& 72 ror ths contor gata. It so hnppena uut the am on t.ho

'can‘ber ﬁau wcre bro!mu when the plant was first put in oparation.

The gate was i‘epnired by wclding and- this maa' account tor the cl:lffer-"“;

ence in loaa bot-een this @te and ths outcr tuo. ‘:




TEMPERATURES

The following temponhxreu were mauured during t.he tour dmo e

| o!' teoting 1:? *; ‘ _»_ |
I.ocatioo §- b RS A £ 2 1
‘ ) I e S
Ia.tor 15 roroba.y 3 54971 5.0 g
_4ir in pump room - ¢ t121 e 1301 s
Air in motor roon 235 e 23 1
“Stator core o3l AT.0 o8 L2050 3
041 in mot.or t.hru-t I JEEE AR R SRR B
© " bearing. g h'hg
, Wat.er at weir 1 g ho B 3, "
R TR )‘ 7 R a.m.'(«,'bb.:lo % aouu‘ 1 u a-ﬂ- to o
‘rim zl;:hs p-m. g 30 p.m. :t.o IS el t 23 30. p_. LT TR

" Eaeh bumo‘ioa tarted \.ho night befora :Lt was tentod t.hua provj,m[;_a
‘8t lezst 16 houra for tho mtors t.o wam np.. it paara _‘rom the :
t.abular.ion that all not.ora porrom equallg ml], m t,he at.nndpoint. :
ot tsmpemture. According t,o the oparat.or t.his il uot true in -m L _‘
wsather. Thﬁ crporatar ma alarn-d t.hat t-ho mot-or on unit 3 ran -

.' h“

ext.rmc heat of t.ho past "mmr. ‘I‘emperatm‘s or tho motor wind-

o _ actual extent of tho heat.tng ia uncertnin. Tha t.upcrstxro of t.hc
o e armature windings, corn and mchanical pai‘ts in contact with in.u-
' htioo ahou.].d not. emod 80 de,greu c a.nd the tuporat.ure ot t!m i
field windingu aa dotermimd by roaiotance ahould not, axoocd 109
dagreeo c., Appmnt high nort.or tampexvatureo du'ing hot -ut.hor
showld be no cause for alm unlena thc above 1mu are. excoodod _
It shoold alao be uationod that. t.he nof,ora ca.n ‘be Oporated at. thue '
1init.a without dm;o t.o t.ho 1naulation. o It 1,5 improbahlo t,hat tho
hnporat.uro of .unit 3 hu mr reaohod thh mu. ‘!‘he mzm on tho




pro,ject. at.tribut.e t.ho hut.ing of unit. 3 to poor vontilation of
- the bu:llding. m prevailing wind 13 !ron the aouth, t.hua air
' entera the- plént thﬂmgh t.hc 1nr,ge aouth door ihioh is undoubt.edly S
opes during the umr lonths, and 1eavu ua;h tho uindou ot
" the east. wall a.nd tha 1omrera of tbe west.wa]_"t' __Unit. 3 ia more T
or less deprived nf t.his crnss ventiht.ion ‘as thn“ north nnll 15 Ly
Faolid RUETS quc.tiombl. whather _cm is a-’ vand« explanation for Lan

" alr from t.he pump rooll throngb tbe mt.or and out :I.nto t.hs motor
"-rooa. ‘ SRR e L
‘ ‘I'a.ble 2 ia s o0py of t,hs operabor's record"lhcuing»hourly TR
_ tomperatures, m degreoa Fu.hrenheit, for t.he 011 :ln tho main thrus-“?

bearings of the thres motors during 8ix of the warmest dayao 191.2.
The highest oil tamperaturs recorded wss 152 degx-aea"r tor. 'u'n'u 3o
which consimnuy oparat-d from 15 to 20 dogr wmor then unit 1, S
‘and'5 degraea wamr tm \mit. 2. - Tabla 1' shou t.hc averngc 011 ‘
t.emperature of unit 3 bo bo a rew degreea c higher than for t.he
other two units whon operuting wit.h outaide air tunperaturea fron
12 to 15 degraes C. 'l‘huo ‘t-hrnat bcar:l.ng oil unperat.urea ahould.b

’my bo entirely di!foron‘.'- o

t.he other t.wo, my mdj.uh'_that thia unit u m,ghuy misalined. |
This, i t.rue, _could alne account ro’_i t.hc additionll heating at.
the mot.or.- I ie, thor@toro, reconmnded t.hat tho a.lins-nt of
-unit 3 be chcckod lnd eorroct.ed 1f mcguary. ‘men :I.t. 1; douired
: that. s record bo kapt. ot tho temperaturu o.t’ t.ha nmtcr windinga TR
of the thrae units durd.n.g the wamst dayu of 191.3. should t-he . S

| "Q t



“fmuvl.la%

?;124”132 180

s 150° 144

P2e 130 143
125 180 143"
121 150 43

122 130 143
1265 132 1&4
127 134 144

sz 158'1467‘

“¥f:flsa 138 146 13




‘tomperatnre of the notnr on unit'. 3 continuo t.o ru.n conaiderably
warpsy than thoae on thu other un:lta, t.he racords ahould ’_bai'*tor-
ﬁwardecl to t.ho Danwr otﬂco. TN e |
| . MECRANICAL m@nc'rxou or PUIIPS L o
Prior t,o ﬁuting, the innptction covara urs rmvod‘ fron all
t.hru pumpa and t.he imido pipe aurfacu anoothod Ln tho vicinity

of the gage taps. 'rhe aaphalt paiut had poeled m -pots mmuu ‘-= - £
downstream from the. pup. but ‘appeared to be in good coaamm_ffurtm- R

 downstrean. m- pumpa conmn threo-bhded ‘bronse upouau“f"it.h
large water paaaagn e.nd all woro fonnd t.o bo l.baolutoly clo
fact, thnre i uom action producod by the t.ula growth that kupa
the :mealler surfanu highl,v polinhed and- t.hio dou not. appaar t.o R
bo abruivo 1usur. The cleu-mces bet.men 1mpollar and pun caus |
were aatiatactory for a.ll f.hree unit.s. An ntmpt. wac mado t.o _ '
adjuat. the packing glandl so t.ha.t. all three impoll.ra would turn
with the sam forco ror t.ha tut-‘_ It. wu mt posniblu to adjuat
unit 3 to turn with tho ame noe ﬁa nnit.n 1 and 2. o The inpolltr
and volute castinga woro rnngh 1n spota but .in no cmo m th:ll o
‘serious. The dii‘feronce in shlpe and roughneua betuon the thnu g ._
pumps, hmvar, may u.uoount. for the i'act. that. un‘.!.t. 3 pmnpcd two‘_; S

second-feet more water thm unit 2 and t'o and onc--halr ucond-_ |

fest more tha.n unit 1._5 Y : :
“The auction tube - of unit. 3 nu unuatered and tound to be'cle ;, f}fff g
and smooth; hawonr, a snall offsat or perhaps 0 5 mch 1s present.
at the point. whore t.be concreta joina t.he st.ul auot.ion pipC.” 'rhia
was attributed to t.ho alippage or a concrebe fom and io not urioua,

a8 the corners !mm boan rounded Tho mpcller, u obaor\red fron .
the suction tuba, nu highly polished but showod no aignu of cavi-, S

| tation after . seven mnthl of continuoua Operat.ion. 'Ihc auction

tubes- ot units 1 and 2 mrc not. umtat,ered a; it wu not conaidnrld
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worth the necessary t.im and la.bor. Pmbi.ng 1nt.o tubu 1 nm:l 2

with & rake 1nd1cat.od t.hat. no obatruct.iona wero prount. -and. thin
was also veriried by t.he pm;]ect cmstruct.'mn aupcrintondont snd ‘ .
the operat.or, both. of whcm :meect.ed the \concrut.. mrk a.ft.er it.l ‘_
complat..ton Tha tube of unit. 3 was auppouedl,y t.he 1eaat. daeirabla e
of the three R i Ry : ‘:“_ L A

'l'he operat.or statea t.hnt aoon aft.er f.he pllnt wu :lﬁ." 1n oporu-
tion t.ho top pump boaring froze to the drivu lhaﬂ. on unitj_md &
that the samo bearing on the ct.her tuo pumpa ran hot._- Thia part.icu-
lar baaring consista of. two bromr.e aloevu, t.he ccnt.or oao ). which SRS
has been ahrunk on to the stesl drive ghaft, mtaul mnde the
outer ocne: making a bromo-to-bronze contact.. Perhtpn t.hl proper‘

-cloarancea were not- a]luwed far ‘the additional bmnn mtal e
Mcording to the op-rat.or, the units were dimtlod a.nd an addi-
tional O. 016-1nch cleara.nce providod at uch bou-:l.ng llo turthcrfJ{_f”‘_.”‘f G
trouble hss been axpcricnced with thaae baaringa. E R S

CINSECTION OF MOTGRS

Dbaerved fron tho mot.or floo.r, ,unit.a 1 md 2 perfom without‘ ey
any not.icaable vibru.t:l.on. Unit 3 does vibrate t.o m mttont but_ﬁ_";ﬁ“ : 7‘.
not sutficienb to be. connider-d aarioun‘ : _-\.'rhi'a il undoubtedly a :
mechanical pul sation rather thm ‘the. reault o:l‘ cavitat.ion.:_ ‘rho :
construct.ion engineor stat.nd t.hat. difriculty wu oncount.erod i.n L
alining the motor and pump on t.hia unit. It appears ‘that they uylf
still be very alightly msalinad.; This, togathor wit.h the ract '

- that the thrust bear:l.ng runn uamr on unit 3 t.han on the ot.her o
unita, would auggost thut. a check of t.he slinmnt uy prove 'ﬁ o o
boneficial._ LY e e e T '.

_ No difriculties havo been encount.orad wit.h t.he notor start—

“ing equipmant or any of t.he panal cont.rol unita, excepf. tor the

" panel anme‘bera and volt.metera whicb are crude and not. vory raliable. :
R | INVESTIGATION OF PEIMING EQUIPMENT -
The prj.ming -quipmnt uomista or a Vict.ox' Acme blonr =
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._furnishnd by Roots-Connersville Blomr Corporat-ion, typo R.!"., | RS
rlze 5-2 L driven st a spead of 1 170 r: p.m. by a 15-horupower o
g General Elect.ric mt.or. With t.ho lake wnt.er aurfacl at. tbo o
preaent. 1evol, olevation h OBL O unit l primed ‘in 1:: uinutu,
‘unit 2 in four minutes, and unit 3 in five minnu'_‘_"’f.'_: e
of priming, howevur, dapended on the degree of. ual 6bta.ined at R
the flap gatea. 9 'n:e blaur heated up ccnsiderably during th g
prim:lng tria.ls whilo t.he motor x‘an cool.\: Sm'ue di.t‘ficulty waa S
'experienced -u,h t.he ball valves 1n the air linu, hmver, whieh",':f:'j""i‘-k"'
may account :ror a port.ian of t.he heat.ing. : Tho balll flol.t 1n St
metal cups each of uhich hnd t.wo 3/32—1nch hole- in th- bottan R
for Jdraining.. It an happonad that t.huse holas wro;-z plu.gged with -
tule grmrth ‘the' cupn rauin.ing cominna.lly tull of watox', caus- L
ing the balls to float nry close to. the valn outa. It wa.s E
‘beliaved t.hat. at tiua thn ballu autod bcrore tho riniag opera-"} : q
. ..ion was complet-d, tharcrore, largor holcs uere drilled i.n tha L ff i B
o retaining cupa.- P = ' R S
© As it only .r.uquirts a negat.ive prsasurc‘ot 1.65 pounds par w
aquara !.nch ror priming with the lake water surnco at. tho prelant
lsvel of elevabion A,OBA 0, it ia hnpoasible to”_toll when a. unit Lo
is primed frmu tl'n combimtion preaaure and vacuim gage locat.ed
- on each pmp Tho gago acalu ax'e too large to indicat.e theae S
pressures. It was found thst liatening to the blower was the beaag S
means of discerning uhen &. pump ms primed lthn tho ball nlﬁ =
closes the blower comoncu to labor, prnducing a di.frorent toy RD
The relief valve opona uoon aftorurd as a second warning but
‘ “'noither of thau can be hurd uhen a pua,p is runnlng.‘ Ti.ming t.he
priming operation 5.9 not roliab.Le aa t.he poriod :l.n dopondont on L
the air leakage due to variable aeating of the. flap gates, pacungu;f""
£land leakage, and ot.her factors -hich vary with bho period t.hnt :
‘a punp has been out. of operat.ion. For ahcrt. period. of shut.-dovm
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up to about 12 hout-s, the punps will. remain primd aince -y vent.

is not uaad in tho dinchl.rga linea. | For shut.-dm perioda in |
excess of . this amount 1t will ba necesuary bo ruort to t.ho

'vacuumpump forpriming ‘ . ' ‘, ‘1_

To a.tmplify tho priming opera'oion i'r. is propoaed that. a -
vacuum gage reading to’ nbaolute zero or 26 inchsu ot mercury be e
pur chaged !or riclcl installation m t.he 3-1nch air header at. t.hm
vacuum pump Each pulp should ba primod aeparct.aly and t.he pro- o
" cedure is outlihcd as- follom: Opon tho 3—inch gato vnlve locnt.ed '

in the air line directly bslow the Crispin valve (ball valve) of‘__f; o

_the pump to be prﬂ.md. 'rlu correuponding vnlvu on: t.he t.wo ot.hor
units should ba clond. :l'he pri.ming p\mp iu t.hon s'cartcd which
‘evacuatas the air ccuaing th- uter t.o onter t.hl na.ln pmp and a
portion of the dischargn 11ne._ As. the wat.ar loul ruchn t.he
Crispin. val'u, thn gagc i.n the air linu nhould rsgietor a vacuum
of 6.5 inches of mercury uit.h t.he lake level at h,032 0 or 5 O
inchen or mercury for t.he la.kc level at. h,OBluO fut. - a tho

water levcl com‘.inuu t.o r!.lu, : the ball m t.ho Crinpin valve floata}fi'f;;L_f |
into matiﬂs poaitim a.tt.or 'hich the vacuua gage in the air lino i
should rapidly reghtm- an 1ncmse 1n vacuu rm‘sl.o'or 6 5.
inches,’ dependi.ng on the mc- leval, to about 15 mh.a of Mrcury-,];'-_‘_

At t.hia point ths 3-1nch @tﬁ valvo ahould bo cloaod t.hn priling

pump shut down and the main pusp smtod.-._,frho relief valve in tm

alr 11ne ahmﬂ.d be nd.jushd t.o opan at 8 vacum ot approxi.mul,y

- ing at full vacum. ’_'x‘un' i= .,o danzer that t.ho prhins pu.mp motori;‘__‘

will become onrload.ed u the pump ia moborcd w opersu at. cmpleto:_ﬁi‘- j;i
© vacuum. However, it w11l bs found that the. pump proper. w1 heat .

‘conaiderably 1! run tmdor this condition tor any longl'.h ot t:l.m.

| Continue to ut.mu thc oombimtion gngu conruet.od to thef-__ £
main units to make certain t.hat cach unit 1’ pmpm water -hon.?f\j-"
on the line but ignorc thm gageu so far as mmtiu prnamai‘fﬁi"‘ G
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are concarned aa thoy u-o tmnl:ls.blo. It. w:Lll ba me'_na.ry to opln R
the 3-1nch gnta mln md at.m the prining pm'p bnfou t.he prouurej-{'f
condition ina punp can b- oburved. : How t.hat t.hc canbination :
gages will be lmud to prusurﬁ oboervu.tions 1t. w prow comron- o
ient to ext.end tho gm lima ao t.hm‘ t.he gagn cm be placed up-
utairsinthemtnrm. o ; SRR T T

‘ “FLAP GA'!'E OPERATIOH o
Tha check gat.on at tht and of the concreto barrol prov:ld.o tho

: onlj' manm of auling thc unita for prininﬁ Tho “-uoic not.o" i
rubber sealn provided nt. the end of the: prooauro pipu are axccll— |
ent with the ax.option of the Joint.‘:Thl,rﬁbber has ovidently |
shrunk 1ongitud1nally laaving a crack from 1/a to 3/8 inch lhara
the two enda mut.. Sufficiont a:lr untnra thr\ough tluu
drain the pipe 11nu mrnight.. It. ia nuggastod thnt these seala ST
" be cut to length and the onda vulcanizod tog!thor at tha ractory ff*’f*“?”
| for future 1nat.allntionl. __: SRR _\‘ “*t s |
' ‘l'he check gatas toget.hor with the “mu.aié not.c" aealu parfum
: perrectly during atnrt.ing nnd uhut.-down. _ Aa the pl.ps are atartod
the gatau s-ing open oasﬂ: with a ateady motion.‘A
-the mot.ion ia aguin almv tmd s'wady 1n the oppod.t.o 'diuction unt.ﬂ :
the bottom of ths gau appmchos fcur i.nchu of tha aeut. Fron

here on the. mot:lon ‘!a quick, and the ga’oo alm with oufricient

impa.cu to inaure a good seal vit.h t.ho rubber. SR

craoka to

'me gnte ho.s am drawhuck, howevar ) that wu di.acoverod" "hj_]_g FE T

prim.tng the p“ﬂpa. Mter two days shut-donn not. om of t, ...:; pumpa
could be primcd until tho gnt.es mre puehed ng.j_n’t tha rubbe :

seals. In other nordt, then gat.ea do not neceourily aaal ihon ‘
henging in their natural elosed positions. 'fha'lauer Lips. or thc _;7,¢;

| gates appeared to hang from 1/2 to l/L inch fron t.ho eoata. | It

is therefore recomnndad t.hlt. thia type of gstg’ u fubm mt alh-
: tions, be. eit'h" w“nt"bal‘““d to. l Sreater oxunt or 't.hat t.ho f: T
end of the Dipo line and rubbor soal. be set at & thtter lingle tm.n
shown in figure 3B. It is also suggeat.od thaf. t,hn prount 5at.ea :

2% /9




 be weighted 80 that. sealing in thair natural closod poait:lonu will ’ -
‘be asaured. B e : SN LREE R LI Rl

- : sxwr—nomxc!cm R ‘

An analysiu ot the hydraulic a‘"f.ion in on- of t.he pipe linaa

on shut-down ia a.a tollowa: As tho,-tpower is- diacometad the flcw _
tonda t.o reveru cloaing the eheck gate. : During this ahort mterval_;‘,‘-'f :

of t.im & mll vclun- of nir may or may not ent.o t.ha pi.pe prg.._
_vioua to cloanra of tho 3“,. A - o for Tl
in the lino t.o normll,y st.tndk. at a hﬂight greator than 29.2 l‘est.

',_;i%"above ‘the 1nt.ako aurraee » my trappad air expand- u t.he nat.er lavel_j

i in t.ha pipe liue rap:ldly rnlls. As tho air expaula and thu preuura
_ fnlla of £ to a valuo approuhing abaolute r.ero, _t.he upor praaauro

.This aids 1n ﬁ.lling tho void apaco wit.h gu and t.hus controls t.he
‘ra.t.e at which the utor lnnl dropa in t.he pipo li.m e i SR
During thil sm pcriod of tine t.he punp slou down to a at.op NG RT

. apprmdmtely 18 uconda art.er tha switch ia dinng-god gudually
roducing t.he pmp:l.ng hnad ta sero. It=£hen revernn "lnd' apina' 1n
' the oppoeita directien During tha intarval frm 10 uconda t.o
aly sscnnds art.er t.ho c.‘..rcuit ha.s beon broken, t.ho pm 'tlii‘.lp"
terrific clatter which %e prodused by cavitation, This sction
occura while t.ha punp 1. rotating alowly, at.opping, ) 'gat.t.ing
under ny 1n tha ruvaru d:lrection. Twenty—four "ucoﬁds aft.ar
, ahut-down t.ho noin abatu md t.ho punp couts quiotly in tho
| reverae direction rcr lpm'exmtely two minuua.r It 13 evidont
. .trom t.he conplet.s eharacteriatic curvu obtaimd rron t.he Grand ZHE
: couloe pmp experimnts t.hat pumpa of t.hio t.ype run wit.h practlc-g_ :

"311.7 the. ‘seme cfticimcy ss tm-binu or punpo; t.hcnforé cavit.ation L e

| “would be -oat uvon during the poriod lrhen t.ho impnllar ua mvmg -
' slouly or conplot-ely stoppod. Quadrant IV (Fisuru 1& md 15 ot

- Gent.r.tfugal Punp Porromncc as . Arfact,ed by Duun Fcaturu, by
“R. '1'. l{napp, 'I‘nnuctionu A S.H.E., vol. 63, No. 3, age 251.
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the above rei‘erence) ahaws t.ypica.l pump characberiatic cu.rvea dur:l.ng G o
‘this reversal of speed for a constant hesd. In the case of the - - |
| Modoc units the’ head 1s hot. oonstant. after reveraal. i _
Maximum reverae apuda lure measured a.nd are shoﬁa" _' t.able 3¢‘ B e
_' The ~speed varied with t.ho degree of submergence a.t. t.he :c_:eck gat.ea. S
| -,The apead was higheat in caaea whera the unit teated was t.he only
_one- running at the’ T.imo, dua‘to tha fact that a uall volume ot A "' " _‘\ o
‘air entered the discharg.,pipe prior t.o tha laaing o!' thn check
‘gata. This’ air a.lluwad the wat,er lovel in the pipe t.'n_;fall off‘ S
more ra.pidly t.hm 1t. would havo had the air betn abaont"" Yith i
two units operat.ing s lesaer quantity of air enborod_t.he pipe on
shut—down, which is indicat.ad by a lour speed.._‘ For hrue nni
running, the check gntea were aubmrged t.hus t.ho sir aupply was

Cnrndit.ion

Unit.e 2 and 3 Oparati.ng

Units 1 and 3 o;nrat.ing .

Gnit 1 shut cbln, unit
operating fa

Unite 1 amd 3 ahut dmm

- Units 1 and: 2 operating

Un.'f.ta"}l'- 'and 2 uhut. down .

A' -'o -i - u‘n‘n”n op

| ‘”.Lutner HcAnulty, and B. ¥ Mose for ‘tedr frio‘u_
--'erntion 1n the tield md kuru. Ie A.‘Winur, H. ‘B Pllmb, Ralph A
Burkhardt, ,wendu liorgm, D. Je Habert, and’ J..‘A. Linduy of tﬁ,he i
Demnr orﬁ.co ror the:lr cmstructiva aaaiatanco. S : I
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C - %eir structure in canel
looking downstream.

E - Cpen trensition and 36-inch Open transiticn showing geges end
check gates. temporary needle dem., Unit No. 1
in yperstion.

FIGURE 1 - PHOTOGRAPHS TAKEN DURING ACCFPTANCE TESTS AT PIMPING PLANT nD"-
MCDGC UNIT - TULE LAKE, CAILINFURNIA.
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