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- ,~'~URFAU OF RECLAMATION 

Branch of Design and C~nstructi~ " La~ratory 
Engineering and Ceologioal Control ~a~llC ~ 

and Research Division Compiled ~ 

Denver, Colorado 
~anuary 21, 1943 

P~viewed t~= 

Subjects Field acceptance tests, on three ~ing units ~srai~hed 
m= ~e. 149, by the Morris Machine WorkB under epeeifioa~i¢ ~ 

Pumping Plant "D" - Modoc Unit - Tule Lake~ DivisiOn. 
Klamath Pro, ect, 

THE-PUMPING ~ AND ITS PURPOSE 
J 

In accordance with office letter of October 14, 1942p ~ 

Acting Chief Engineer 50 Superintendent, Klamath Yalls, Oregon, 

acceptance tests were made together with a meahanieall ins~cti~ 

of units i, 2. ands3 atpm~plng plant "D",' Tul~ Lake, California, 
I. 

during the period.of October 21 to 30. inclusivep 1942. 

The plant (figures-IA and IB) is located ~on the west 

Tule Lak6p 5 miles west of the tOWnrOf Tule Lake, California, and 

about 35 miles southeast of Klamath Falls, Oregon. Plant ~D,, 

although the largest, is one of a number of ~uxping plants which 

are used to control the level of Tule 

one ~tiae covered ~w-st ~ area of swamp~ 

be~ gradually reduced and confined b~ 

a fraction of its original size and the reclaimed ~lamd re~!%i~ 

from the umwatering opera~ions has been put ~er cultlvati~a. 

This plant is necessa~j to i n s u r e  ag~inst the water l e v e l  ,, o v e r -  

topping the dikes during the wet season o f  the year. Plan~ ~" 

~sists of three 450-horsepower units (figure 2). The puJps are 

of the vertical, single-suetic~ type, measuring 24 inches in di- 

ameter at the suction throat and 30 inches ~t the discharge flamge. 

They have a rated capacity of 50 second~eet each for a t~al ~Aup- 

ing bead of 64 feet and a speed of 600 r.p.m. (specificati~s 
% 
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No. I~92-D), and were suppl i ed  by the Morris Machine Works. : The ~ 

pumps are directly connected to 2,300-volt, three-phase, ~J-cycle .! 

synchronous meters which were supplied by the Electric Machinery . 

Manufacturing C O ~ .  The r ioters  are rated at 75 percent e f f i -  

c iency for  uni ty  power f a c t o r  at  f u l l  load .  The :ptmps are rated  

at ~.0 percent efficiency when pumping 50 second-feetunder & 

total pumping head of ~ feet, and the over-all efficiency of the 

uni t s  should there fore  be 81.O percent .  

The pumps have i n d i v i d u a l  suct ion  tubes  pro tec ted  by s i n g l e  

rack s t r u c t u r e s ,  which are  suppl ied  w i th  water  from a c o , o n  un- 

paved intake canal  ( f i gure  1B) .  Each pmap d i scharges  through a n  

expander from 30 to ~6 ~che8 i n  diameter,  then t h r e s h  a short  

s e c t i o n  of s t e e l  pipe to  a re in forced  c o n c u r s  p i p e .  The three  

concrete  p ipes  convlrge  i n t o  a s i n g l e  t h r e e - b a r r e l e d  condui t ,  

some 360 feet 1ong~ ~hlch conveys the: water up an incline to a 

vent  the f low f r ~ a  l'ssvereins during~ a po~er  outage, a 36-inch check 

gate  i s  l o c a t e  d a t  the  e ~ t l e t  of  each o f  t h e  thr~e condui t s  o f  

the concrete  ~ a r r e l .  These gates  are a l s o  n e c e s s a r y  during the 

p ~ n g  operat ion .  The mho~  open channel s e c t i o n  a t  the  check 

gates serves as a" transitlon to guide the water into a 5.75-foot 

horseshoe tunnel 6,700 feet in Imngth, From this point on the 

flow is entirely duets the effect of gravity. The tunnel dis" 

 h,.ge, i . t o  a frum , i  the w a t e r  can b.  ro t,d 

to  cu l t ivated  lands ever the project  for  i r r i g s t i o n  purposes o r  

wasted into  lower K~AQath Lake and~hence  to  the loce£n  v i a  t | ~  

K~JBath River. ~ 

To supply data far the e f f i c i e n c y  deterLLnations of  the three 

,unite, the followAng meas~reaento were taken: 

(a) Measur~ond~ of  quantity of water pumped. 

2 
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(b) Determination Of the t o t a l  pumping head defined in  speci-  

f i c a t i o n s  as "the difference between the energy of the water inside 

the t raehracke  and t h e  , l e v a t i o n  o the pressure  hea~l ,,ii~ 

plus the average veloeit7 head mG .,~ discharge pipe." 

(o) Measuremnt ef power input to motor. 

The fol lowing were oeeondary cona idera t ioao :  

(d) Measurement t r ashrack  losses. 

(e) Measurement o f  pipe line lessee. • + 

(f) Measuremsnt of eheck ga~e losses. 

MEASU~MEMr OF DISCHA~ 

The discharge was aeasured over an 8-foot:rectangular suppressed 

weir s p e c i a l l y  constructed fo r  these ~ s t s  ~ d d e s i g n e d  to s t r i c t  

accordance with the Standards of Hydraulic ~ t i t u t e  c o d e ;  This 

weir was located inthe trapezoidal canal approxiaately ,00 feet 

downstream fr~ the outlet of ?2~e horeeahc~ t~'l a~le 

half from the plant as the crow flies, or 13 miles by road (fig- 

~re 2). It was estimated that 25 minutes were required for a 

given volume of water pauiag through the p~ape to reach the welt. 

Therefore. head measurements at the weir were eomenced 25 minutes 

after corresponding observations were made at the p~aps. The head 

on the weir was ~asured by some twelve observations, aver a perlod 

of 30 minutes, by a hook gag~ ' a foot 

(figure 3C). The gage serol before and 

a f t e r  the t e s t s  and was f o ~ d  to  have ch~ged but s l i g h t l ~ i  during • 

the  per iod .  Leakap pas t  the wear t o g e t h e r  with canal seepage up- 

stream was ins ignAficant .  ~ Photographs Of  the '~ we~r are shown as 

f i gu re s  1C and 1D, and a discharge curve for  t h ~  weir, computed 

according to  the H s ~ i l t ~  Smith formula,  i s  s h o ~  on f i g u r e  ~. 

Nine runs were made on ~ i t  3, seven on un i t  ~ and e i g h t  on uni t  1. 

The head on the weir~ di~eharge, and c o n ~ t i o n  ~nder which each ru~ 

was made are shown in  eolumno 3, ~, and 59, respect ively~ of t a b l e  ~. 
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ted  i n  8uocesslon to fo~ ~elal t i p s .  $.B.R. tap8~ 

l o c a t e d  i n  the  3 0 - i n c h  p ~  d i r e c t l ~  ~ downet~=~:from ~h. . 

{ f i g ~  3A). ~ e ~ t i o n  head w~a ~aken as  : t ~ : - d i f f e r e n c e  b e t e e n  

t o t a l  pumping head, ~ ,  wae , ~ e ~ f o r e  d e t e r ~ d , u  f o l l o w i :  

where 

H- h e +(IS'56h d-f) 

h,  - ~ euct ion  l i f t  to of . a ~ r ,  

hd e~ d i i~harge  pressure  obtained~ f r ~  ~pot gage i n  

f e e t  o f  mercury, 

) .  diecharg~ (13.56 h d - f ., of water, 

corrected, to read above 

. V e l O ~ i t y  head a t  d 4 8 c b ~  t a p s ~ n  f e e t  ~ of  - 

2g water.  . :. • . . . . .  ~- 

on the pump propero  T h e  ~ mercury pot g a g s  i 8 0 m p l o y o d r t o  ' 

meaeure the d i scharge  p r e n u r e  but ~an a d d i t i o n a l  m r c u r ¥  U tube " 

(figure 3A) was required to observe the negative preeeuree at the 

euction t ~ o a t  o f  the p m ~ ; .  ~ e ~ m e ~ o d  of  c ~ p u t i n g  ~e~ t o ~ l  p ~ p -  ° 

ing  head in t h i s  c u e  was as f o l l o e a s  
• , ) 

~A " ( D , 5 ~ ,  t ÷ fl ) ÷ ( 1 3 o 5 ~  - f) + . . . .  i 

where 

h . euc t ion  pressure  .obeerved f r ~  manufacturer ,s  
• 1 

e ~ t i o n  tap  i n  f e e t  o f  mercury,  
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( l ~ . 5 ~ h ~ +  f l )  o suction: preesure in £eet. o£ water, " 

oorroCted to ~ o~ pump " : " : ' 

charge tap i n  f e e t  of  mercury, 

Yd.1.-, w~l~it¥ z m ac urtr e se ee t, ap in "~t ! : [ 

- f |mt  per eecondi"~:and : 0  . 

, '  , . .  

charge taps and the a~tua~ Suction l i f t a z ~  ,shown ]£~ 1~ 

)s (co lusne  

t 
of table ~+, 'and the t o t a l  pumping, heads .a~ obtained 

t a c t u r e r ' e  dJ.s~:~z,ge and mz~t].on t, a p s o n  t]Wpmep sz~ ts t |~ l -~ i in  

column 20 ot the s ~ m t t a b l e .  - I t  i s  intereet~z~Z t o  note t h a t  t~e 

heads me&auredit  the au~ntt~turert 

O.~ ~ r c e n t  h ~ h e r  than t h o u  obeer 

obtained by t h e  U.S.B.R. method. I t t e  fe  ~ ~ 

provesLthe point  tha~ a ~ u r e t e  pressure  re  

be obtained from stwtion t ~ e  locat  ¢~ose pzw~Ll~t~ to a r o t ° t -  

tn8 pump :LmpeZler. X t w  alem b e p o i n t e d  out , :: 

in . the  pump pz'oper w ~  oo~ idered  when meaeurin " ~: 

mmutacturer,a tape,  wbJL~e the 1o8s i n t h e :  suCttoa tub°Wee alem": ' .! -. ' 5~ 

inOludsd from t ] ~  t4Jt~l~ p ~ : [ n g  ~ head ae ¢oolput@d b y : ~  U*S.B;a.  
m ~ J ~  ( ~  m ~ @  ¸ • - ~ . 

or Pewee z uT TO  OTOa 
Y h ~ p m ~ r  ~ p ~ t  t o  the motor w u  observed tz-oa two a c o u r a ~  l ~ a t  

wa~tmef~ers wht|:|bwmw = a l i b r a t e d  before and a f t e r  the f ee t .  ~heN ~ -  

were connected in tbs main Xtnes leading to the p!4mt an ehown:~ 
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figure 5, through accurate test potential and current transformers~ r L ~ ~ *~ ~'~ 

The + + p e r  xciter + ~  power+ as  measured i n c l u d e d  the  energy+to  o a t e  t h e  • + + :  

and current losses in the rheostat as Per specif~a~ions. ~ ~he ex- + r A 

citer rheostat was adjusted mo as to bal~ce the readings on two 

wattmeters to The coarseness of t h e  

rheostat, h~,, ~ c t ~  ++d~cate ~,adl .g,  

On the tWO mete~s;;the~ ~ shown tabulated in c o l ~ r , 1 8  +~.~ a m r ~ . . 3 ,  

~L 

. . . . . . . .  --w ~ .  v ~  . . . . .  

As th, p~,l ~st~.t,:co~d ~ot be read Aourate~, a sen~i- 

t i r e  voltmeter and ~ e t e r  were connected into the c i r c u i t  as ahown 

in f igure 5. These were read several times during each run and the 

average readings aro n , t e d  ~ c o l ~ s  50 ~ d  a .  N o ~ n ~  t~e ~ e  

voltage ranged from 2,&OO to 2,5C0 at~this plant.  By shift ing taps 

on the transformers in the switchyard, itwas possible toreduce the 

voltage during the tests to 'the values shoNm in column 50 which were 

considered satisfactmry, The Voltage remained qLtlte steady during +~ 

the day, except for the ~ n o o n h o u r ,  at which time It sh~ed an increase ~ % 

of as much as 50 volts. The power in kilowatts as ~rom ~the 

53, 5A~ and 55. These can be recalibrate d over the normalo~rating 

eL" ." 

the units at unity power facter. 

As a third check on the power consumed, the rotations of the 

station watt-hour meter disk Were timed;during each run and the power 

in kilowatts obtained inthis waylis listed in column 57. 

A comparison of the power input obtained bythe three methods 

of measurement (colums ~A,52, and 57)shows the results of the test 

voltmeter and ammeter combination to be as accurate as would be 

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



i: 

: /1 
t o  be c o n s i s t e n t l y  low b~ a p p ~ t e l y  1 ,1  percent .  

DETE~INATIO~.OF EF~ICIE~E~ES OF ~ITS 

frcmlthe t e s t  ~ a t t a s t e r e  and : ~  

the t by U.S,B.E. '  method, the J d I ~. J : : ~''~" M : "' p4 ~' 

over-all efficiencleeo£ the 'units are lasted ~n coi~ 22 for the : 

var ious  c o n d i t i o n s  under which the. runs were ~ads.'i  I t  can be ~noted " '~" 
~'L 

free coluan ~ that  r~as  ~ m~de a t i l o w ,  a ~ d l m ,  L and high k v e 1 8  : , . 

in  the  open t r a n s i t i ~ n  8 e ~ i ~  ~ d ~ t e ~ " d c ~ n s t m a m ' f r o ~  the c ~ c k  " 

gates. Figure ~ sh~ws a 

check .gates withno flow. 

high level with un i t  i in  

:!i ~ 
k :/ 

by regulation of the need] 

foreground. ease 5 is sh© 

o f  f i g u r e  IF. Xn some cases, the Check gateswere operating in 

their normal positions andin other: casee" they, wo~ 

out of  the  water .  Then-in ' e therrune  the gates.we,  

in a . p a r t i a l l y c l o s e d  p o s i t i o n  to  i n c r e : a e e t h e  h e m . o n  the  pump. : 

As a matter of i n t e r e o *  ' +~-~ - - - - - - ~  1 , , 4  ~ 4 . . . 4  . . . . .  • ~ ' - " t e d  

using the head measurensnts 

on the  pump. These are sh~ ~ ~ i -  ~': 

percent  lower than the effiq : '"~ 

of  head measurement. ~ " : : ~  ~: 

From the  motor nanufac t~rer 'e  t e s t  curve ~ 

horsepower delivered to the pimp s h a f t i " d e s i g n a t e d  r ~ . . . .  

obtained and this Is lhewn tabula ted  in ~: col~;, 

efficiencies are listed in column 24. Theextent Of . . . . . . .  

L • • ~:i "~¸" 

l i aee ,  f o r  u ,  i t e  1 ,  2,. and 3 o~ f ~ u r e a  7, I].v, , ,~ 

The dot ted  curves were taken from ~ o r r i s  M a c h i ~  ~ Works p r i e r  

No. 3 2 2 ~  which was eubsA.t.ted:by the. ~anufactu~er p r i O r t o  d e l i v e r y  

o.~ the pumps. Unit I is oao perce~t  less than the over-all gu~teed 
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efficiency, unit 2 exceeds the  requirement+ by 1,3 percent i and 

unit 3 exactly meets -. the .~req~re~n+ fOr+~e+!+r&ted ~ad  of 6~ 

, ~ / ,  + + / ,  ' + 

TRASHR~CK LOSSES 

The losses through t~m e~ngle traShrack structures+were 

o b t a i n e d  from t h e  d i f f e r e n c e  i n  e n e r g y  measured a t  g a g e s  i+ragld  ~ 

2 3a).  e,e ape m U, =oi 
o f  0.012 foot of water or 1 . 6  

2 , + 

,2. 

+ . + ' ~ i + ~ - '  ~+%:~i  +,+ + • . 

PIPE L I ~  LOSSES '+ +: 

Us ing  gage 6, thieh c o n s i s t e d  o£ a water  ~ u b e  e o a n e c t e d  to  ++ 
+ , + +  , • ~ /  

the air valves im~sdlately upstream from the eke ~ m 

u r e s  i v  and  3 B ) ,  the  ~ t a l  l o w s  b e t W e ~  t h i s  po~ 

was determined f o r  the runs  o n  u n i t s l  and 2. The total enePgy  

at the U.$.B,R. t a p s , w a s  In+this " n " + 

head correction f a c t o P  a - 1.2C ~+i+ 

on ,ingle suction pumps. The co:+rectedvelocity heads are /shown :~ 

in column 25 (table total energy heads, expressed ~ L " ~ ~ "  + 

in  e levat ion,  are iZi 7. i++ii : 

written by Victor L. Streeter I. In this case the veloc: 

b u t i o n  i n  t h e  p i / ~ e  i n  the  v i c i n i t y  o f  gage  6 ~ c o a s i d e " d  ,, 

quite uniform. The corrected-velocity heads at:gage 6 a r e : i . i i ' t o d  

in column 30 and the t o t a l  energy heads, expreued in'fleet o f  ele- 

vation, are '.shown i n  c o l u a ~  31. . + +  +- • 

I 
The K i n e t i c  Energ.v and+ N o ~ n t u m  C o r r e c t i o n  F a c t o r s  f o r  P i p e s  and 
f o r  Open:Channels of  ~'eat Width, by V i c t o r  L. Streetor, Civi~ ,. 
F~. Ineerlng, April I~2, pa~+212. + 

+ 

+: :ii 
++z] 

+ 
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The to ta l  lo81ee .=Bam=r~a: between g ~ e  3 = d  6 f o r  ~the, various : ~ : '/i 

==nd tione.or n o . .  in  c o z . S  a n d  " . 

" ~ exuded ,and  bendloesee; a~ e : l ~ t ~ d "  fo~iChe ' two pipes~ 

~:~0 Deducting t ~ e r  values. . 

. = 7 .  : 

The friction, f a c t o r  "£", Im the 

co=hi.ned length of e~c~e and • ~i 

0,0].23. f o r  ~ 2 m o l d ' ,  nuabers  r ~ i n g  ~ 

(eo'lmms 36 and ~0, respectively). 

exceptionally :mooth coa=ret~ pipe, 

CHECK GATE LOSSES . . . .  

of which showed co'able 
:- . . - % , 

was considered as the difference in ~: 

and 5 for  runs in  which t ~  check ga~ , a s :  ~ "  ' L " ' * " ~ 

then for i t  s u e ~ n d e d  The difference~iin~i" . -  ' /  

pressure  observed at ~ p  ~ ' r o r t h e  two COnditiOZ~!~S c o n s t d e ~ d  " : 
. . . .  o 

as the check gate 3 ~ u .  The secondmmthod i s a o l ~  aa re~Ltableas/:~.:~:.;.." " 

Column ~38 ( t a b l e  ~)  .and t h e N , a r e  expreeeed i n v e l o c i t y  head in  -:~iii.- 

The f~ap gate l o m m 8  a v e r s e  O.L,6 /V 2 :for the.out, elde g a t e e  and 

the eent, er g a t e .  It, so hap~ne t h a t / t h ~  arms o n  :the 

The gate was repaired by welding and t h e =  m~y account f o r  the d i f f e r -  

ence in l o s s  between t h i s  gate a~ l  t h e  o u t e r  t e e ,  

k 
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TEMPERATURES 

~ r f O ~ O ~  t ~ p e r a t u r e e  were measured d u r i n g  the four . ,  de.w|-,:! 
,,i ~" , . ,~' ;:~- 

of t~stin~: .. 

Table I 

.~ 

! 

..:~& 

' , O  

I i l  ii I i i J I _ _  - -  

• A V ~ A G E  ; . T ~ T U P ~ S  -'DEGP~F.~, C - i  ; . 

' ', '~ - ~ t  1 cin~ ' " u ~ t  ~ .  L o c a t i o n  , ' : '  : t 2 : _ : 3  _ " 

I . ' :. : -: ", ::' 

Water in  foreba~ -, 5 . 9  " :  :500 : 6;6 , " ':'%2 ~ 
air in pump room , s ' ~.I : 13.1: : 

A i r  in motor roam ~ ~ 2;%5 : 2 3 . 1  : 
S t a r e r  core :- Z~7.O .~ ~:~ 42o 5 : 
Oil in a s t o r  t h r u t  : "  : : : ~ ; 

bearing , .: ~7 .~  : ~?,9 :' ~2.7  : :~2~0 ' 

Each pump was.started %he night be~e it waa testec i 

at l e u t  16 houra fo r  the aotor~, to w~ .up~ z t a p j  ~ 
• C 

t a b u l a t i o n  t h a t  a l l  motors perform e q u a l l y  w e l l  f ~  t h e  standp0int  

- - ~  ~of temperature ,  Acoording.to  the o p e r a t b r ' t h i a l e  not  true Inwarm 

weather,  ~Tbe o p e r a t o r : i s  . a l a r ~ d  t h a t . t h e ~ m o ~ r  on u n i t . 3  ran " 

considerably warmer :two unlt~ ~ during the 

e  .e%e,t of tbe of the 
,~sS ~ I  . i n g s  ,and c o r e s  were . n o t  measured during  t ~ i s  per iod,  t~ere .ore:  ~ e  

!~! actual extent of the heating is uncertain. T h e  temperature of the . 

\~,~ :~:::~ armature ~ wlndlngs,, c~es and mechanical parts in aontact~, with ineu-:~= 

l a t i o n  s h o u l d n o t  exceed  80 de~Ieee  .C and. the temperature o f  t h e  ~ 

f i e l d  windings: a8 ,de termi~d  b y  r e s i s t a n c e  . s h o ~ d  not exceed 100 

~¢rees c. A p p = , n t  ~ a o t O r  t e ~ a t u r ~ e  ~ , a g  h,~"weathar . . ..... 

should .be. no c a u s e  f o r . a l a n a  .unlevs- t h e  above 1 L ~ i t e  are.  exceeded,  . .  i I~. 

I t  should a l s o  be mentioned -:~t~at the-motorb ~ can be operated  :at these  .. 

limits without , de~a~  t~  t h e  insulation. It i~e i~q~obable that the 

.. ' temperature o f  u n i t  ~ ham i e ~ r  reacbed th i s  l ib : i t s  The men o~ the . 

. .  k 

~ / 0  
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project  a t tr ibute  the heating of unit  3 to poor v e n t i l a t i o n  o f  

the building. The prevailing wi~dr iQ from ~t~e 8Outh,• thus air ".... .; 

enters the-p~a~t'thro~h the lar~~southdOor Wb~cb is undoub~d~r 

open during the 8 ~ r  do . the ,  and:  ~ the: windows Of  

the east  wal l  and the louvers of . U n i t  ~3 iS.'~O~ 
or less deprived Of this cross ventilation as thin, nor~ wa3~ is,: ~ '~ 

solid. Itlis qusetJUon~ble whether, this: i s :  a ,al~d'~explanat$on:for 

the addit ional  heating ex i s t ,  

and an investigation-:Sb cause0 

If  th i s  i s  a v e ~ t i l a t i e n  problem. thel f a c t s  e h o ~ d  a i l -  

air from the-pump ro~ thro~_ 

r o o m .  

Table 2 is a copy o f  the operator' 

temperatures, in  d e ~  

bearings, of the three 

The highest oil t~zperature recorded was I 

which consistently eperate~Trom 15 to 

and' 5 degrees warmer than . U n i t 2 , .  Table 

t h e m o t o r  

,st 

temperature of u n i t  3re be a few degrees C higher than for the 

other two uni ts  when operating with outside :air ~psratu~res f ~  

12 to 15 degrees C. l ~ w  thrust  bearing o n  temperatures shoula; 
y . 

not be confused with temperatures of the motor ~ ~ s  is ~ the  + two 

may be e n t i r e l y - d i f f e ~ n t .  ' : : '  I - '.":":I~!-::~ ' .  I ...... i ~ . 

~ t s ,  i f t r u e ,  could ale© l c c o u n t f o r  ~t 

the motor. I t  iep ther~fOrep recommended t h a t  K s  ~ i n e l e n t  of  ' : 

unit  3 be  checked and e ~ r e c t e d  i f  necessary . :  Then i t  i s  des£~ed ' ~  " 

that a record be kept o f  the temperatures of  t h e  motor windings • 
( . 

of the three units  during the warmest days of 1 9 ~ .  8ho~d the 

than unit I, 

r a x e  . 

J, 

:J 

'r~+, 
++. . _ 

/ +  
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t e n , s t a t u r e  of the a s t o r  on un i t  3 cont inue  to  run consid ~ .,: 
L 

wlwmr than those  on the  o t h e r  u n i t s ,  t h e  records  should be f o r -  . : , .  ~ii 
warded to the Denver  o f f i c e .  !i~ 

Prior  to  t e s t i n g ,  t ~  i n ~ e t i o n : c o v e r 8  were rea~c~vo~i"~m"~l ,~ 

three pumps and ,j~e inside pipe"surfaces smoothed i n  the vicinity 
• ~: ~ / ~i 

of  the ~age taps .  The asphal t  ~ p a ~ t  had p e e l e d  ~ :  s p o t s  ' ~ d l a t e : L ~  ""~/~: 

downstream from ~he p ~ p  but appeared to  be i n  good,condition furthoe 

downstream. The punps c ~ t a i n  three-bladed bronse 

l a r e s  water p a s s e s  ~ a l l  were found to  bel aboolUtM~ c l e a n .  In 

f a c t ,  there  i s  some a o t l o n  produced,by  the  t u l e : S ~ i t h a t  keeps . 

the impel ler  surfa~e,  h ighly  poltshed and thisldoee not  ' appear t o  

be abrasive l u s t e r .  The c l e a r ~  ~ leases  . 

were s a t i s f a c t o r y  f o r  a l l  three  to 

adjus t  the packing gl4mds+ s o  tha t  a l l  t h r e e  i n ~ o l l o P s  would turn • 

with the same f o r c e  for  the  t e s t s ,  I t  was not posalble to  adjust  + 

and vo lute  c a s t i n g s  were rough in  ,spots but i n  no  c u e  was t h i s  

serious. The difference in shape land roughness between:the three 

pumps, however, may" s c o o t e r  for  the  f a c t  t h a t  u n i t  3, pm~ped two 

s e c o n d , f e e t  more water than uni t  2,  and two and o n e - h a l f / s e c o n d -  

f e e t  more than u n i t  1 .  

The suc t ion  t~be of  un i t  3 was unwatered and found t o  be c l e a n  

and smooth; however, & s m a l l  of fse t  of perhaps 0 , 5  Inch i s  ~ present 

at  the point where the concre te  J o i n s  the s t e e l  s ~ t i o n  p ipe .  This 

was a t t r i b u t e d  to  the s l ippage  of  a concrete  form and i s  n o r s e  

as the corners have been rounded. The i ~ l l e r ~  a s  observed from 

the suction tube, was highly polished but showed no signs of carl- 

tubes  of  un i t s  i and 2 wore not unwatered a s  i t  was not considered 

2 

3 



worth the necessa ry  t ime and l a b o r ,  Probing i n t o  tubee  1 and 2 

w i t h  a rake i n d i c a t e d  t h a t  no o b s t r u c t i o n s  were p r e s e n t  And t h i s  

was a l so  v e r i f i e d  by the  p r o j e c t  c o n s t r u c t i o n  s u p e r i n t e n d e n t  and 

the  opera tor ,  both of  whom inspec t ed  the  co~c re t e lwork  a f t e r  i s 

complet ion.  The tube o f  un i t  3 was ~upposedly the l e a s t  i d e e i r a b l e  

of  the  t h r e e .  

The o p e r a t o r  s t a t e s  t h a t  soon a f t e r  the p l a n t  

t i o n  the  top pump bear ing  f roze  t o  the  dr ive  s h a f t  

t h a t  the  same b e a r i n g  on the  o ther  two pumps ran h o t .  T h i s  p a r t i c u -  

l a r  bea r ing  c o n s i s t s  of t w  bronze sleeves; t~ecenter o~e, which 

has been on the o .i  ive e ft, rotA s i ide the 

outer one making a bronze-to-bronH contact. Perhaps the proper 

clearances were not allowed for the Additlonalbr~inme ~tal. 

Accordlng to the operator, the units were dismantled and an ad~- 

tlonal O.Ol6-1nch clearance provided at each bearing. No further 

trouble has been experienced with these bearlngs. 

INSPECTIOH OF MOTOP~ ~ 

Observed from t h e  motor f l o o r ,  t ~ i t 8  1 and 2 ~ r f o l ~  wi thou t  

a~v no t i ceab le  v i b r a t i o n .  Unit  3 does v i b r a t e  t o  s o ~  ex t en t  but 

not  s u f f i c i e n t  t o  be cons ide red  s e r i o u s .  This  i s  undoubtedly a 

mechanical pulsation rather than the result of cavitation. The " ,ill'i! 

construction engineer stated that difficulty was encountered in 

Alining the motor and pump on this unit .... It appears that they may 

still be very slightly mlsalined. This, together ~ 

that the thrust bearing runs warmer on unit 3 than on the other 

units, would suggest that a check of the alinement amy prove 

beneficial. 

No difficulties have been encountered with the motor start- iii 

ing equipment or any of the panel control units, except tot the o 

panel ammeters and Voltmeters which are crude and not very reliable. 

INVEStigATION OF PRIMING EQUIPMENT 

The priming equipmnt" oonelsts of a Victor Ac~e blower 
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f u r n i s h e d  by  R o o t s - C o n n e r s v i l l e  Blower C o r p o r a t i o n ~  t y p e .  R .F .  ~ • 

B ~ e  5-2 L d r i v e n  a t  a s p e e d  of  1 , 170  r . p . a ,  b y  a 1 5 - h o r s e p o w e r  i 

O e n e r a l  E l e c t r i c  m o t o r .  With  t h e  l a k e  w a t e r  s u r f a c e  a t  t h e  

p r e s e n t  l e v e l ,  e l e v a t i o n  ~ , 0 3 h . O  u n i t  1 p r o d  i n  s i x  a i n u t e s ,  

u n i t 2  in f o u r  m i n u t e s ,  and  u n i t  3 in flve m i n u t e s .  + The time 

of prlnLing, however, depended on the: ~.e of seal o~ed at ' 

the flap gates. The blower heated up ccnslderablyduring the 

priming trials while the motor, ran cool. Some difficulty was il 

experienced with the ball valves in the air l i n e s ,  however, which :~,i 

may account for a poetics of the.heating. The balls float la !~ 

metal cups each of which, had two 3/32'inchhole. in the bott~ 

for draining. It so happenid that these holes were plugged with 
• ° 

rule growth, the cups remaining contlnually full of water, caus- 

ing the balls to float very close to the valve aea~s. It was 

belie+red that at tlmes the balls seated before theprlming opera- 

tion was completed; therefore, larger holes were drilled in the 

retaining cups. :.,- ?,+ . ~ -. 

As i t  o n l y . r e q u i r e s  a n e g a t i v e  p r e e s ~ e  o f  1 . 6 5  pounde  per+" : " 

square inch for priming, with the lake water ++urface at the present 

level of elevation A,03~.O, it is impossible to tell whena unit + + 

i s  p r l m e d  f rom t h e  c o m b i n a t i o n  p r e s s u r e  and  vacuum: gage + l o c a t e d  
- +(+i 

on each  pump. The gage  s c a l e e  a r e  t o o  l a r g e  t o " l a d i c a t e  t h e s e  

pressures. It was found that listening to the blower was-the best 

means of discerning when a pump was pri~ed~ When the ball valve 

closes the blower commences to labor~ producing a different ~ ;  .... 

The r e l i e f  v a l v e  opens  soon a f t e r w a r d  a s  a s econd  w a r n i n g  b u t  

neither cf these can be heard when a pump is r u n n i n g .  + Timing  the ' 

priming operation is not rellabie+:as the period i s  dependent on + • 

the air leakage due t o  variable seating of the flap gates, packing 

gland leakage, and other factors which vary with the period that 

a pump has  been  o u t  o f  o p e r a t i o n .  F o r  s h o r t  p e r i o d s  o f  s h u t ' d o w n  



up to about 12 hours~ the pumps will remain prismd since a vent 

is not used in thefd~charge lines. For shut-down periods in ..... 

excess of this amount it will be necessary to resort"to the 

vacuum pump for pr~. 

T o  s i m p l i f y  the. priming operat ion i t  i s  propooed t h a t  a 

vacuum gage reading to absolute zero or 26 inches of mercury be 

p o sed held i et Uatlon the 3 Inoh h.ad.  a t  the,   

vacuum pump° Each pmwp should  be  primed s e p a r a t e l y  and the pro-  

cedure i s  o u t l i h e d  as fo l l owsz  O p e n t h e  3 - i n c h  gate  va lve  located  

in the air line d i r e c t l y  below the Crispin valve (ball valve)Of 

the  pump t o  be primed. 7 va lves  on the  two other  

units should be closed, is then started whlch /~ . 

evacuates  the a i r  causing the  water r e e n t e r  the main "" 
pump and a i 

por t ion  o f  the d i e c h a r p  l i n e .  As t h e  water l e v e l  r e a c h e s  the 

Cr i sp in  va lve ,  the gage i n  t h e  a i r  ~ l i n e  shou ld  r e g i s t e r  a v a c u ~  

of 6 .5  inches  of  mercury with the  l ake  ~ l e v e l  a t  ~p032.0  or 5°0 

inches of mercury for the lake level at +,03+o0 i feet. As the 

water level continues t~ rile+ the ball in the Crispin valve floats 

in to  s e a t i n g  p o s i t i o n  after which the vacuum gate  .in the a i r  l i n e  

should rapidly register an increase in vacuum fr~a ~,0 or 6.5 

inches, depending on the lake level, ~o about~ i~ inches:of mercury, 

At this point the 3-inch gate valve should be closed, the ,priming 

p~p shut down and the main pump started. The relief valve in the 

a i r  line s h o u l d  be adjusted to open at  a v a c u ~  ~ f  a p p r o x i ~ t e l y  :. 
10 to  15 inches  o f  ~ u r ¥  to  prevent  the priming pump from operat~- 

ing at  f u l l  vacuum. T h e ~  I s  no danger t h a t  t h e  priming v U ~  motor 

w i l l  become overloaded as t h e  pump i s  motored to o p e r a t e  , l e t s  

vaCuuL However~ i t  w i l l  be found tha t  the pu~p proper w a l l  h ~ t  

cons iderab ly  i f  run under t h i s  c o n d i t i o n  for a~r  l e ~ h  o~ time° 

Continue to u t i l A s e  the combination ga~eo @ o ~ @ t e d  •~o the  

aain units to make certain that each .~nit is ptmpin~ water when 

on the line but ignore thue gages so far as M~tlve pre,suroB • 

I 

-j 



~:LI~" 
are concerned as they are unreliable. It will be necessary~ to open 

the 3-1rich gate .al,, ..d ,t~ th. pr~-~ng p~W~=, the pre..~. 

condi t ion  i n  a pump @an be obeerved.  Row t h a t  t he  @ ~ a t i o n  , .i~ 

gages w i l l  be l i m i t e d  ~o p r e s s u r e  o b s e r v a t i o n s  i t  ma~ p rove  conven-  

i e n t  to extend the gage lines so th&~, the gages can"be placedup- 

stairs in the motor room. 

FLAP GATE OPERATION . .. • :~ 

The check ~atee a t  the  end o f  the c o n c r e t e  b ~ l  p rov ide  the  :: 

ruMber seals provided a t t h e  e n d o f  the: pressure pipes are excell- ~i"i 

en t  with the  except ion  of the Joint ."  The :' rubber  has ~ i d e n t ~  

shrunk l o n g i t u d i n a l l 7  leaving  a crack from 1/6 t o  3/8 ~ inch  +~ere  "+ 

the t~ .nd, met S~rlalent ~ ~r, ~ ~  t h e .  oreoks t o  

dra~n the plpe'l~, o-,~t. It Is ,u~e,tsd ~t th,,, s,ala 

be cut t o  l eng th  and the  ends a t  t~e f a c t o r y  " 

f o r  f u t u r e  installations.. " . . . .  
r ~  I . .  

The check gates together with the "music note" seals perform 

Perfectly ~ during starting r~nd shut-down. As th s are started 

the gates swing open easi.~v with a steady motio~ shut-down, 

the motion is again slew and s~ady in the @p;~site ~ection u n t i l -  

the bottom of the gate approaches four inches of the 8eat. From 

here on the motion is quick, and the gate slams with sufficient 

impact to insure a good seal with the rubber .  

The ga~e has one drawback, however, that was discovered while 

p r i m i n g  the pumps. A f t e r  two days shUt'down not  one o f  t h e  pumps : 

could be p r imed  u n t i l  the  Rates were pushed a ~ t  t h e  rubber": ' "  

s e a l s .  I n  o t h e r  words, t h e s e ' g a t e s  do, not  n e c e s s a r i l y  s e a l  when 

hanging in  t h e i r  n a t u r a l  c l o s e d  p o s i t i o n s .  The lower l i p s  o f  t h e  • 

ga tes  appeared t o  hang from 1 /2  to 1/6 inch f rom t h e  s e a t s .  I t  
i 

i s  t h e r e f o r e  recommended t h a t  t h i s  t y p e  of  Eats ,  in  f u t u r e  i n s t a l l s -  + + ~.~+ 

tions, be either counterbalanced to a greater extent or that the 

end of the pipeline and rubber seal be set at a flatter angle than ,:,% 
shown in  figure 3B. I t  is a lso  suggested t h a t  t h e p r e s e n t  gates ~ 



++.3 

+ - "  

be weighted so that sealing in their natural closed positions wall " ""~iii 
be assured. -"" ~"~i 

SHUT-DOWN CI~L~ " ~ 

on shut-down is as follows: As the power is disconnected, :the .flo w :: Jl 

of  t i m e ,  a s m a l l  v o l ~ i  o f  a i r  may o r  may n o t  e n t e r  the p ipe  p r e -  , . i ~  ..: 

vious  to  c losure  of th i t  ts-tapossible for~the  Water . . . . . .  ;- 

in the line to no~ z height, greater than Rg.2:feet ;,: 

,: above the intake surfaee ,  any trapped, a i r  expands", as '~e waterilevel 

. in the pipe line rapldly"'falls. As the .air expands .and the pressure 

f a l l s  .off  to a value  approaching absolute  zero ,  the vapor pressure  :':~'r~': ~ ': 

of water is reached and additional ,vapor is ~2~easedf~ the:water. : 

This aids in' filling the void space with gas and.thus controls the+ .+ "! 

rate at which the wa~er. level drops in the pipe llne. ~:::' '+ 

During this saa~ period of ti~e the pump slows down~.to a stop 

approximately 18 se:ce~de a f t e r  the switch :i:,: i~i 

reducing the p ~ p i n g  head to s e t s ,  +It then reverses  and ~pina:,~in ~,., 
the opposite direct ion. .  During the in terva l  fr,~'lO seconds +~o '"i 

24 seconds a f t e r  t h e  c i r c u i t  has been broken 

t e r r i f i c  c l a t t e r  w h ~ h  i s  produced b y , : c a v i t a t i ~ .  This ac t ion  . . . .  

occurs while the p~p 'Is r~tati~ slowly, stopp~# and gettin~ " '": : 

under way in the reverse direction. T~enty'fo~:sec~s..after ~ ' 

• hut-domn the nolse.... .. abates.and .the pump coastequietly in:tlm + !i] 
. . . . . . . . .  . . . .  " : ; . '  " _ . ! ~ : i  ' : ' . , +  . 

from t h e  c o s ~ l e t e  : e~araoter i s t i c  curves  obta ined  from t h e G r a n d  +: 

Coulee pump e ~ r ~ n t '  2 that  

al~ the saae ef~laleacy me tu . . . . . .  n 

would  be =ost  s e v e r e  the  peri  the U nor w a s  - 

s lowly or c c ~ l e t e l T  s t o p ~ d .  ~ a d r a . t  IV ( r ~ u r e e  1~ ~ 15 o f  

~ ntrlfugal pump Performance as Affected by VeaAgn Features, b7 
?. Knapp, Transaetloae A.S.M.Eo, vol. 63, Me. 3, page. 251. 
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the above reference) shows t y p i c a l  pump characteristic c u r v e s d u r i n g  

t h i s  r e v e r s a l  of  speed f o r  a c o n s t a n t h e a d . ' ~  I n  the  ~ case o f  the 

Modoc units thehead is, :after reversal. ;'-"~'~:~i~i '' 

Maximum reverse speeds were measured and are show~ In table 3. 

The speed varied with the degree of submergence at the check gates. 

The speed was highest in cases where the unit tested was the only 

one running at the time, d<ue to the fact that a small volume of :~ 

air entered the discharge plpe prior to the closing of the check 

gate. This ai~ ~.U~ the wa~er level in the :pi~ ~l~ ~ 

more r a p i d l y  t h a n  ifwould have: had•~e 'airheem ab~nt:'",iWith ''i 

two u n i t s  opera t ing  a l e s s e r  q u a n t i t y  of  a i r  e n t e r e d  the  p ipe  on 

shut-down, which is indlcated by a r lower  s p e e d .  For three"u~te-.: I - 

running, the check gates were submerged;thus 

eliminated, resulting ~ a still lower reverse . ' ~  

T~ble:r 3 . . 

j ,i , ' 

U n i t  I Speed , . Condition 
, i  

| ' .  : | - . 

1 , &95 : Unite 2 ~and 3 operating ~ 
2 • 5 o o .  , . ~ t ,  I a n d . 3 ~ o p ,  n t ~  ' - 

i:: -: ope~ti~ ~ : ~ :: :,~i: "~: 
:.: 6 2 0  , Units 1 and 3.1ehutdown. - 

3, ::.~515 t Units i 

I t  i s  d e s i r e d  t o  ac t 

P r o j e c t .  Superintendent~-  E. .... " L, Stevens, 

Luther McAnulty, and B'.M. Mose~for the 

eration in the field s and Masers, I° A. 

Burkhardt. Wen 

D e n v e r  o f  r a c e  

t ," 

,. XAndsey o f  t h e  ~ : . '  

i//-i. ̧ ,.,,:i::~ 
. .,T 
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A - Pump house looking north. E -Pump house and intake channel 

j. ~c. • 

C ~eir structure in eansl 
looking downstream. 

D - Eight-foct measuring ~Ir. -¢. 

as 

E - Open transition and 36-1rich F - Open transition showing geges and 
' check gates, temporary needle dam. Unit No. 1 

~n operation. 

FIGURE I - PH(~OGRAPHS TAK]~ DURING ACCEF~ANCE TESTS AT PUMPING PLKNT "D"- 
MGDOC UNIT - TULE LAKE, CAil FCRNIA. 
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