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Bureau of Reclamation 
Hydraulic ~achinery Laboratory 

Denve~:~, Colorado 
Dec~mberS, 1940 

Lab o r ~e r ,V3 RsP ~rq~ 0N0;D ~ I ~ . ~ i  
Glendive Pumping Plant 
Buffalo Rapids Project 
Test conducted by:G.J,Hornsby ,~" 
Checked by: D. J. Heber~ 
Submitted by: G.J.Hornsby 

Subject: Field acceptance test on pumping units Nos. 1 and 2 of 
theGlendive pumping plant, Buffalo Rapids project, 
Glendive, ~Zontana - Specifications No. lO181D, Oetober 
12-18, 1940. 

I.. TI~E TEST 

I. PurPose of test. These pumps were first tested in, Sep- 
tember 1939 to determine whether or not they met the conditions i 
S " 4"" " - " . • ,pec!~led In the contract as to head, d~schar~e, efficiency, cavi- 
tation, and general performance. (See laboratory report No, iB,:-I~) 
The results of ~at test indicated that certain char~es in the 
nupeller would have to be made by the manufacturer before the pumps i 
would meet the specified conditions. The changes were made and a 
preliminary test made by the field office indicated that the pumps 
were ready for the official acceptance •tests. The acceptance tests 
are covered (in this report. ~I 

~ 2. The pumping plant. The plant is located on the north bank 
of the Yellowstone Riverabout thirty miles upstream from Glendivo i 
and about two miles downstream from the village ofFallon, in~on- 
tana. It isa t~ical irrigationpumping plant consistinz, at the 
t~e of tests, of two installed units with provision for a third 
similar unit. The units are of the vertical type consisting of a 
l~500-horsepo~er,. 2,200-volt, 60-cycle, 400-r.p.m., synchronous 
motor direct-connected to a 36-inch single-suction centrifugal i 
volute pump. The p~npsare rated at ll0-cubic-feet-per-second 
discharge at a dynamic head of 103 feet. The motors are rated at 
95.7 per cent efficiency at I00 per cent power factor and ful! load, i 
and the pumps are rated at 89 per cent efflclency at r a t e d "  " " dynamic ~ 
head and full discharge. The rated over-all ef£iciency of the units 
is, therefore, 85 per cent. i 

The p~aps have individual inlets drav:ing throuch rack lstructures 
from a common inlet canal. Each ptunp discharges threu<hla 38-inch 
gate valve and a short length of 36-inch steel pipe into a leg of 
the three-way connection, then through a 7-foot diameter concrete 
common delivery pipe leading into the main canal at the top of the 
hill. At the point where the delivery pipe discharges into the 
warped-wing transition to the canal there is an 84-inch s~ng chock, 
or flap valve, to prevent reversal of ~£1oY~ in case of emergency. 
The complete arrang~nent is sho~,rn on figure 1. 

1 
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3. Test procedure. The horsepower input to the motors was 
measured by mesals of electrical test instruments connected as shovm 
in the wiring diagram, figure 2. The motor field rheostat was ad- 
justed so as to bring the power factor up to 100 per cent as indi- 
cated by balanced readings onthe two wattmeters. The power factor 
meter on the sv~tchboard was not used (see "Notes on Test"). The 
power input as measured by the wattmeters was checked by means of an 
ammeter and a voltmeter, each of which could be sv~tched from phase 
to phase of the motor leads. As ~a further check, the rotations of 
the watthour meter disk were counted for each run. The ~ electrical 
input to the motors thus measuredwas translated by means of curve, 

• figure 5, into shaft horsepower output to give the horsepower input 
to the pump. The dynamic head on the pump was measured by means of 
amercury column on the discharge side and a water column on the 
suction side. As the Bourden-type test gage proved to be of no 
value in the previous test, it was not used in this test. As the 
discharge pressure was measured from the center line of the p~imp and 
the suction was measured from a point 2,75 feet below this line, the 

• ~j . 
total dynam!c head, H, was dctermlned as follows: 

gs 2) 

H = 13.6 h d +h s ÷ 2,75 + 
~g 

where, 

h d = discharge pressure in feet of mercury, 
h s = suction pressure in feet of water, 
V d = discharge velocity in feet per second, and 
V s =-suction vel0city in feet per~second. 

The pipe areas in the plane of the piezometers at both the suc- 
tion and discharge were carefullymeasured. The set-up is shown 
diagr~maticallyin figure3. 

The discharge was measured over a vreir designed in strictaccord- 
ance with Standards of Hydraulic Institute Code. The headover the 
weir was measured by means of a hook gage reading to thous~udths 
of a foot. The hook gage °zero was determined before and after each 
test by the method sho~,~in figure3. A discharge curve, figure 4, 
was plotted acccrd~n o to the H~mllton Smlth Iormula, as sho~a~ on the 
curve sheet. The photograph, plate I, shows the measuring weir in 
operation. 

The canal seepage and weir leakage wore found to be insigni- 
ficant. 

Each test consisted of five runs. The first run was v~lth the 
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valve fully open ~for-maximum disoharge. For "succeeding ~runs :the 

mined. The-reason ,for going back to the :106-cubic -^ ' ~nd 

taken place :during :the ~est. Each:run:consistedof the ~avera~e ~of 
ten reading s taken at one-minute ~inter, val's, except !the ~motor r,.p.m. 
which was ',~aken :, at ,the en~ 'of ~ each test or~ . 'i,The :~ol:lov~lng read- 
ings were ,taken f o r  each r~m. 

,A. Electrical:- 

An~meter, phases A, B, and:.'C, 
Voltmeter, phases A:B,/B-C, and C-A. 
WattmeteA~s, ~:l -and 12 • 
Watthour meter, disk iturns. 

B. Hydraulic:- 

Discharge manometer, mercury. 
Suction manome~er,~ter, 
Weir~hook gage ..... 
Inlet staff gage. 

C. ~Temperatures:- 

Pu~p :room. 
Inl et :~ to: m0tor,.. 
Motor ~stator windings. 
Motor, or operating, room. 
l~ater, at • pump ,inlet. 

It is fully realized that so:me of those data are not essential 
to the test, ~but they are on'file in the laboratory in,case any 
i question arises:requiring their use. 

4. Results of rteSts. ~ Due to the fact ,that the I.~otors ,were 

- ~,i ̧ 

r 
r 

runs on one,of the-pumps~atfulldischarge~and2;200>volts. This 
%es% was made on unit NO. :l and the results areplottedi:on per- 
formance curvefigure~6; tost~is~noted:as~"2,200-volt.test- '' This 
test will be discussed later in,this:report. 

The results of test on unit:No. I arc tabulatQd in,table 1 
and plotted on performance curve figure 6. The~results of:,tost :on 
unit No. 2 are tabulated in,~able 2 and plotted on performance 
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curve figure 7. The water inlet temperature for test on unit No. l 
ranged from 9.5 ° ,C. :to ~0.50 C., and f0rltest ~on ~unit No~. 2 ran~ed 
fromil0~8 °C. to 11;5 ° C, 

ill. NOTES ON THE TESTS 

I. Performance of the~pumps. The pump ~performmnoe s ho~n 
vast improvement over that observed in the prewious tests. The 

2,  ̧  

i 

:glands ~rks satisfactorily :when the :pure r 
are sometime s slow in priming, <e spe cia l~l~ 
time. This is due to:the ~fact that seal~ ~'~ 
stuffing gland only when the pumps 7are operating. This'~condit !on 
could be improve~ ~by corm.ecting in the ~spr•ing ~ter supply for prim- 
ing purposes only. o 

2. Pump v~ar rings. The wear :rin~s ~on unit No. ~i ~had been 
damaged and later repaired ~by ~building ~up with !babbitt and imachin- 
ing. In order to ascertain whether ornot this condition had again 
developed, or that the repaired mine s had :been improperly fitted 
causing the ~iffezence in performance between ~the units tested, ~a 
car, eful check o~ ~the runner clearances ~was made on iboth:unitS. 
The medsuremsnts were made both top land . 
bottom On both units, In p earn, point B is / 
left, point C !is downstream t. These measure- 
monte in inches are shovca below 

Points ~ B :C D 
O 

Unit Top 0.033 0,040 0.,.050 iO,O42 
No. 1 Bottom 0.036 0.053 0.040 ~0.O20 

U n i t  Top D , 0 3 0  O,038 O,~031~ 0 .026 
No. 12 B o t t o m  0.069 0.036 O.028:~0.055 

5. The outlet transition. This structure:has continued tc 
settle somewh~t but:no serious !brea~:s !have occurred. A cut-off 
collar has been built around .the conduit between the elbow land the 
transition, and the wings ofithc transition will be :built 'UP to the 
orig%..nal ~elevetion. 

4. T.~e motors, Both motors start, come-up to ;speed, and syn- 
chronize ndrmal~!y. "The collector rings are smooth except in spots 
which appear io be ~burned. ~There is ~a definite line of demarkation 
between the: Jsmooth and the rough iportions of the periphemj~. The 
temperature rise inthe motor windings appears to be excessive. The ~; 
• operator states that during the operating season ~the :motors became 
so hot tl~at it was necessary to reduce the pump ~discharge~ ~,material!y, 
sometimes as much as 85 percent. The observed temperatures during 
the tests are shown ~in tables :3 and 4. 
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6 !shut-off I . 

:TABLE .I 

Unig No. l;-:Tost No. 1 

II.~I 0'281 

! ' 8 ; 7 8  : 0 . 1 5 4  

18i22 0.478 

f-T  
[,:t2~8 ;~4so 8z;z 

4;19:; 

: 3 .(i I 
I I18.09 

121.43 I124.1g(5 

5.~25! ,ioo.o iJ.0,~,72 

~2.20 ; 135.~12 I137.,32 

! 1 2 0 3  I 4 0 8  8 5 1 5 .  

1 0 8 ,  ~ :1319 82,4 

:!8~ :n~71.73,9 

' I  
- -  : K , s J ~  . . . . .  ' 

TABLE 2 

Unit No. I - :Test iNo. i i 

I J ! i I I 
, , 2 . . 2  ,. . . . . . .  . . . .  , . . . . . .  :~ 

Run : V d,:,Vs L ....... : . " , :, . 
' V : 4 ~ ° ~ °  . . . . . .  : ,~ ,,,Total : !  -i 

.No. ~q ~ ~. Vd ~ ,~2~ IH~+~fl , ~Hd~i,:m,~d! ::-m,,__ .~IEff. 

; 6  , s h u t - o f ~  . . : -  , :  . -  . " ~ ,  ::1 " ' i . : 
, . . . . . . . . . .  z . 0 3  , , 1 3 5 . 9 1 1 1 3 7 ~ . 9 ~ ! - . - :  ° 6 4 4  : , -  

i / [ -  
• / " 2; ¸~ 



TABLE ::3 

MOTOR T ~ E R A T U R E S  
Unit ~No. I - '~Test  ~No. ~I 

,,Ru~ kw, , Under~ 
~No: ;In~u~ Motor' 

I :I157.4 - -  , 

2. n o l : 5  .... ; ~ e a . o  i 
. 

3~, ,lo37,e i I 67~o 
4: . 9 0 6 . 7  ! 6 7 , . 5  

5 i131.9 70,5 

roos C, 

:25  ,:'6 

2 6 . 4  

- ,.. 

27.8 

I.R emar ks 

,Temporaturos ;taken:near the 
completion ',of, each ~run 

7•': 

No.l 

TABLE '4 

• ~0TOR :T~iPERATURES 
Unit No. 2--~Test No. ~I 

)i" 
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'~The (air ,: cir cuiation through the <mo±or "s ceres. ,.to ~,b e.~ '~..ather' 
:sluggish~ ~ue %0 ~.lack~.of ~fan vanes ~on. ithe rotor ' ~' ......... ~ ' 

- .and to.',the ,~large 
air :ii.hlet ;space blocked :0if i by..the ~guide i bearing ~an~d :! supporting 
structure;.under ~ithe !motor.".. ' ' . .' 

:"~. ~ ':The ",~ " ,, ,200-v61:t 'test. .This .test :was. run '.on unit No, l. 
iThe, motor".was ~started ;:at ~. :~5 .~a,m.,, :,~ 0etch or: ~l~ ~and al~lowed ~toJrun 
until "17:00 .a.m, tobring :~%he .temperature up ~tonorm~'l.. 'At ~6:80 

• a.m. the voltage ",was :~re-duced !to ~i~,'200 ~and the .test :~ starte'd, . '.Three 
, Complete ,:runs i.wcre :made in succession~at ifull ,discharge. The re, 
sults'iwere averagod:and 'plotted ;on curve in'figure .~. ~'Comparison 
showz',:L%hat %he ~di scha r g e Tori ~thi S ~t o st, was 
, s e c end. mot e than for .t e st i,.No.."I :. on ".thi s : s am • 
of the um ~is a f • ge ' - P ~ ...... .!. unction of".the~frequenc_V:of.:the :~oWn~ ~.~.,~~÷~ 
such ,that..:a~ diffcrenc e of 
.... ., ................ ont 

measuring tho.~frequoncy~w~ 
stop-watch mo~hodJ:of,deto 
accurate'to-measure<this 

. . . .  ~sted 
LO -the:speed of t] 

~.onunit No...2, 

. < 

acre amounts !.to .as much i:as one DOt cent n],,~ -- • , ,- ,. .... ' , .... , ---.~.=--- or.minus ,iin :tho,~per- ~.~ 
formance ~.o f ~the flnished product. 

.The porker,factor ,.meter would ~not :operate satisfactori~l~:. ~:0n ~il-J 
.th e ~pre.vlous i,±ost iit, was Tound :that the ~hair ~spring,~,:.,as ibr0kon ' " 

~,~prooaoiy ourned :ou~), :~The :',instrument: was. subsequently S.ent to the 
~factor~~for.~ropairs. ~Upon b0ingi_reinstalled on the ~svritchboard it .... 
would-not ?function .t~ough !.the .Lfac ~ory ~insists .:tha~ it !was in. good il 
~condition.,when it was returned to.~the project. ~ : .  
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