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PREFACE

The field performance investigations described in this report were

conducted during May and June 1975 as a work unit , “Pump Station Inflow—

Discharge Hydraulics ,” under the U. S. Army Corps of Engineers Locks and

Dams Research Program . The effort was accomplished by the U. S. Army

Engineer Waterways Experiment Station (WES) with assistance from U. S.

Army En~ ineer Districts , St. Louis , Louisville , Memphis , St. Paul, and

Rock Island.

Mec. rc . J. P. Bohan and B. P. Fletcher of the Hydraulics Labora-

tory (EL), WES , conducted the field investigat ions with the assis tance

of the following personnel : Messrs. Jim Luther and Doug Hoy , St. Louis

Dictrict; Messrs . Jim Hamilton and Bill Chambers , Louisville District ;

Me:srs . Hugh Wardlaw and Claudy Thomas, Memphis District; Messrs. Pete

Fi:h~ r and -iar:,~ Erickson , St. Paul District ; and Messrs. Sam Doak and

Ed rurrnlcr , Rock Island District. Acknowledgment is also made to

Mr. John R. Robertson , OCE , the Technical Monitor of the ongoing Elec-

trical and Mechanical Rese arch Program, who provided guidance in the

preparation of this report .

This ~~~~~~ was pre~~ired by Mr. Fletcher under the d i r ec t i on  of

:le:srs. ii . P. Simmons , Chief , EL , and J. L. Grace , Jr., Chief , Hydrau-

lic Structures Division , and under the supervision of Mr. J. P. Bohan ,

former Chie f of the Spillways and Channels Branch , and Mr. N. H. Oswalt ,

~r~~
;ent Chi f of the Spillways and Channels Branch. It has been re-

viewed t :s Mr. Irace and M r .  John H.  Rober t son .

D i r e c t o r s  of WES luring conduct of the study and the  preparat ion

and I n t l  i ca t i o n  of t h i s  report  were COL G. H. Hil t , CE , and COL J . L.

Cannon , C E .  Techn ica l  Di rec tor  was Mr.  F. H .  Brown .
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PUMPING STATIONS — FIELD PERFORMANCE INVESTIGATION

PART I: INTRODUCTION

1. During fiscal year 1975, the U. S. Army Engineer Waterways

Experiment Station (wEs ) investigated the field performance of 142 pump-

ing station facilities . Field performance was determined by observation

of facilities and discussions with representatives from each of the

five district offices visited. Several diverse problems were in-.

dicated, and the field investigations of some stations were supplemented

by movies and model study reports. The objectives of the subject inves-

tigation were to provide guidance for laboratory research efforts by

familiarizing WES personnel with the operation , various problems , and

postconstruction measures associated with field installations.

I n s t a l l a t i o n s  Observed

2. The facilities observed ranged from 1414 years old to those re-

cently completed and usually consisted of diesel powered pumps in rural

areas and electrically powered pumps in urban or industrial areas. The

pumping  s ta t ions  v i s i t ed by personnel from the WES and local o f f i c e s

are presented in Table 1.

Background

3. Pump manufacturers and other researchers have done considerable

work ~n positioning pumps with respect to the sidewalls , backwall , and

floor of t he sump to minimize the tendency for adverse flow conditions.

However , except on specific projects , little work has been done to

investigate the effects that upstream and swap entrance conditions

will have on approach flow to pumps . Experience has shown that more

guidance is needed in this area to avoid operational and maintenance

problems an i to avoid expensive postconstruct ion modifications which

would be needed to improve adverse hydraulic flow conditions.

3 
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14. It was anticipated that the knowledge gained from the field in-

vestigations would provide insight for the design of a test facility

and the conduct of generalized tests to develop quantitative design

gui dance for  all but the larger and more complicated pumping s ta t ions

that warrant a site—specific model study .
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PART II: OBSERVATIONS

Approach Channels

5. A variety of the straight and curved approach channels observed

are shown in Figures 1—8. Observation of flows in various geometric

shapes and alignments of approach channels (Figures 1, 14 , 5, and 6) in-
dicated that flow conditions at the pumps were more favorable with long ,

straight approach channels. At some structures the swap was skewed

relative to the approach channel. In most cases it appeared that more

consideration was given to the design of the approach channel to the

gravity flow structure than to the approach channel to the pumping

station (FIgure 8) .

Entrances to Swaps

6. Various types of entrances to swaps were observed (Figures  9—

11). It appeoreJ that the  t r ans i t ion  from the approach channel to the

swap was a major factor affecting the hydraulic performance of several

pumping stations. These stat ions h -U inadequate transitions consisting

of abrupt ahotrient w a l l s  that  t i e - I  in to  the side slopes of the approach

channel at a Oh — Ic - ( l . c — r a l )  ang le  (Figures  10 and 18). Flow passing

abrui t chances in ce-orriet cv t ende d  to separate from the sidewalls  and an

~~I i v  would usually for m as sE wn in Fi gure l8a. f i at  i - :n s  w i th  14t— de g

( L . h_ .r ’ t i )  w i n g  walls also exper ienced flow separations (F igure  17) ,

a l t  ho’igh not  as severe as those observed wi th  the 90— - i - - wing walls .

The eddies and uneven f low l i st r ib u t  ion to the  ; urnps can b~ so tu ced

- r eliminated by streamlining the transition from t h e  approac h channel

to the swap. A streamlined transition usuaily consists of vertical

quadrant  walls between the s i t e  slopes of the approach channel and the

entrance  of t he  swap (Figure l8b ) .  Flow separation at the  upstream end

of t he  pump d iv ider  walls was improved by the use of streamlined rather

than square p ier noses (F igure  19).

5
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Swap Design

7. Eurierous types of swap design s were observed. Inflow to the

s unns was usually provided by ponded areas , open channe ls , or closed

s-cn luit s and entered the swaps from various directions and elevations

relat ive to the floor of the swap. Some swaps had no divider walls to

s-c: arate flow as it approached the pump intakes. Some swaps included

hiv i iet- walls (Ficure 20) to separate the pumps and reduce the possibil-

ity of intera ct ion of flow. The lengths of the  walls ranged from 1 to

10 l i -root er s  of the tar d is c h ar g ~ pi p - . The divider walls in some

at ions i nc lu ded  an open ing  to p -salt nassage of personnel between

a l i t - -nt nasa- bays . It is p o ss ib le  that flow through these openings

s a t  I have a sign i fic-ant ly a-lverse e f f e c t  on flow cond i t ions  and pump

nerf~ raans- . In some cases the - i iv ide r  wal Is provided support for the

r ot o r s  an i  tra~ hracks. Dis tances  from the bell of the  pump to the  back

a rm wai l r- trlce -i from 1 i n .  (2 5  mm) to about 5 diameters of the ass

Ii ;charce p ip e . A f t e r  ol— serving several ins ta l la t ions, i t  was apparent

that the design of most swaps varied cons iderab ly ,  depending pr imar i ly

on the l :cat i o n  of the  pump ing station , and there was no cons is tency  in

the des i gns.

F~ stc nstruction Modi f i ca t i ons

8. Ah~ ut 50 p et-cent  of the swaps observed had hydraulic problems

or had postc- nstruction modifications to improve the hydraulic  perfor—

rmanee f the s ian . Usually the adverse  performance consis ted of vibra—

ti- n , cavitation , noise , a o l  vortexes and was considered to be a result

of poor ‘tpr r nch channel , swap entrance , and/ or  swap desi gn.

9. Certain levices ware reported to have improved the hydraulic

performance of s— v-c a l swaps. At some stations , it was reported that

the }i:~ 1rmiii c performance was improved by the addition of umbrellas to

~h - pumps (Figures Cl an-I 22), which were considered to have streamlined

the direction and r- lus H ~he aao-nitule of intake velocities. Vanes

(Fisurca t 23 an I o)~) have been loca te- I  below the  pumi - intake to cuide

C
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Ci — w en te r  t r i s  the pum p intake ; however , there  is no documentation as to

heir ef C. stivcness. At several ;as-sinp st at i o n s  a ver t i cal  gr id  was

ins ta l le  I on t l a -  sca r  a u n t -  wall (Figures 23 and oC ) to t-e iacc- adverse

ci ra ilat I on beE I n i t  ho p-tat -s. i- - -~ hen gr i- is  (Figures  25 -an I ~6) were

in s ta l te l h o r i m o n t a l  i~ ’ - - a~ t - ts u a te  sur face  turbulence and so lace  the

tcn ienav Co r v~ rtoxes . r *ts - fl -at ~s (Ficure 27)  have b- -on used to

— s - v - n  - i  a ent - a inmoi f  in v o r t e x e s ;  Ii-  -wever , they do not prevent c i r cu—

m t  ion of the fl -w an I h- - a s - aiat . I area  of Isv pressure . Fillets

have been Inst a 10 i i n  - so - m i  a t  i -wall offset- s in an utteunt t o  

1 I - t oe an C: w s-t - -~rat i on. 

— — —~ — 
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PART I I I :  COl-I CLUSI ON S AND FUTURE RESEARCH

Conclus ions

10. Es ~m o b s - m - v Lt i ons  of pu lpin g stat I ri: with various approaches ,

- - nt r ances , at I ur ns , an - i  d i s c u s s i o n s  w i t h  oper-atirmo raonnel , i t

anneare I that the Lest hy Irau t i c  a-~ sf - rrwiric - 0 - - mi -r e at the r ar.ni ng

sta t i - as with the most s oririet~ H sal geont - t r y  an—i un -i Cc smh :,- d i s t r i bu t ed

w to  t h e  n- u r n  i nt ako s .  flr  uOm -t si r - t .  f l  -w was best nr- -j i ded Lv a

rolat ively lon s an— i St a - m l g h t  -a ar - s an - l i  aLar :nei , a at s - -ar ’ I r io - I  t sanis i t ic r i  

t h - o  a - - r o ach  n - h - i t : : - I to  the  a ura , an- i a allan-of -ical s tan lesi  on .

I t a r ’  I a: - n r a - a c  I --h - t r a i n - i s  a r t - i / o s  ab ra r t  t sari s  It 1 n- s Crc:-: the a n a son c h

h m n n - -l t o  the  - r n - - ar ’ t e n  l e t  to  — o n e - r a t e  - i - l i ’ - : ; ana in  lac e an r m l v e : s n -

i t ~a~i l  at i n - n  o f  C i  -w • 
- - ; u l - no ir: v c st p x e -a  a ft :s n r i t :sing the n-ur n

I r a  i ’ i m - i t -  r im: J e stS : : , -a : i : t s - i - t e r 1 . : - - I Lv :~ iv - 3 r : o  c i r - - i t i r t i c : .  a n i  st -x is

in  th e  a s - t - , -l s ua l  Iy  m c i  a r - i si- c to- - -k a- In the a : 3OW :tJ I a t m n d / o  r 

-
- - l i s t  -a Cs rn the  r n-a n t o  t h e — r ear  wrm , r a i l / s r  i t - m i  

L v i  l o S  w a I l  I - n - n o  hs .

III . F c : -;t s- s r i s t r . - -t  i - s r i  modi CI  c- mt j - 5 i 5  s~ -sii as umbrellas , vanes , orids

- s-at a , i r i d  fillet s w- : -i f-s h- effective in so ias  I no the  ad—

-,-orae Cl -w .: rn-IL i _ n a  in the  susan-; - v - - a r , there is no ioi 

- 
- J t an c e as to n w , wE -n r Ol l wh- tho~~c typ e s  n - f  m c d i  C t o r t : ion  may

be aaei .

Futui-e I-:es~~~-ch

12 . ; - i r s  A r - r u  l H , l-JiL~ I n i t i - - i - - i  t e s t - s  in r i  t - n e s r : i  r ea r - - h

C - t a h itI .- ~ I l -  i t - es 2-3 ani  1) ,) capable of  .: i a a l-~n i n - - i variety of

st - mt -a. The Crc -li lt. - --:111 Li is~ d to rorLuct s I a n - t o  at ur tn -  f -  :1:0:

iat t U L l L n -~5 5  Co- i- i-n -vn - lo r ins Jon- i— n - i i  i - i n c - n -  fo r  n I  I I-at the ::.sre a-ar .—

n-l i cnm t -s l ant u i  - t m ’ -  . : t  :L io f ln - .  T h i s  s c a n - a r c h  will  i f  f r — s n -  a hv -rse hi - i s ri m —

lic a n - n - l i t  ions ( F l o u r — - n -  ~ —3 2) : t -  can oco t i  - l ie t o  i t - , : sn-i : c i-  d e s ist  of

th e  -mr -nr o aci . sh- mn: el and/or  n- uris- . Tf s i lt s  of o n - n - i n c  t r i t e — s p e c i f i c

mc lel s t t  ties of r - o I - o o E - d  ar id exist i ns  s . : a - - s tat i ons will  be used to

supplement the rn-auL a of the o’ r: ’ r u l  I z - -I i- r i .  e f f e r - t  also.

8
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‘i’ : d l v  1

i ng i ’t :t t  I n : ;  Observed

— 

In st a llal  ion ~~~~~ I s - d i n 
— 

Date Vi tri t e - i

— t . - -~ - - : - :t r - -

Fill Creek hI . C - s u i t ; , I - I i s . :c u r i  22 F-al - 75
Poplar lIt rn-st f-I . l o u t s , ‘- I i  n --sean 22 I-lay 75
Lcsperance f t .  T i - u i  a , I I I  s 5 sa t~i 22 I-lay 75
Cohon ia f t .  Loui s- , I n - i a n - c u r - i 22 I-lay 75
East lilt. Louis f t .  I - m i s , l - l i s : r : i r i  22 I-lay 75
Cnlr r :es  C r - e n - h  f t .  iou u , I i a : L -ru - i 22 I-Ct1 - 75
f ou t i ~ f t .  I m - - ; i s , l- l i s . -a r r i  02 1-1: ’.- 75
f r u r a l  1:. 1 f t .  1 n - n i : , 1-11:-so ot - i 01 ilay 15

-li 1 I -sw lIar: Ccvii: ;’ n-r i , h - n ’ rr - ey in - Ta:.- 75
2~ . lt s cct  Ccv I n  - - —~- : r  II :0 - I
F al l i ng  I- l i_il : I - C - v C I ,  ~ - a ’ L 1 I t - : I t

Slate l iar .  C- Al t -a . . , E t - r - - - - . - I Ta . - - -

l-I n - S tn - n -I liT- - t Ot  r - . - t v  I I i f - , i i -  : - -
- -El . - 10

1-1111 Creek ~E - r ; - - ss- - r : v I  I~~ , ~C - :~~ - i - .- 1 - ‘n-~ 1.
T U r t l e  Can - m i: lAs s ’ 0 - : ’ :  1 I n t l - : . - - I In --rn - 75
ho—es. : I i  lob -1 - a t  - - .1 I n  i i  :mr - t - , j  I I t - 7t

il l- -r i-and f t r e -n- t  f i t - i - t I : -: , 1: - u  - t I m  i i)  ‘ - I n - 15
f~-corm - I ft so— ’ :a.- r: , C t i i i i I rt 21 •

~~
- : . - 75

hycnmanict -e i -v - n :- vi l i - , 1: : i : t : r t 20 c: 75
i-o’ - mn :vi 11 , I:. I a:: 00 - - n -  75
I -i l lo , i r . L a r .  a 20 ~~ -As

Eour -tl~ If sm - it - irrn e- - t -n , in i l - : -  hi I - l a I n - 75
‘ tn - * id - e r r —  Cr c-ak  ( I a n : :  - - i . , In -li tnt Cl t :1V 75.

As :n ivr rc -e lAi r -k  C c i i  n-v i lie , l l c i :l  r i s k y  Ill I-lay 5

~ e: :t m .-sn  :Cirkw:e’ Louisville , id -i t :mckI. 21
l~~t i :  ,n -t ;-e rl i o u i  ovi lie , Y I e r : t - : ~~ k~i 21 i - I - mI : 75
Cn’ ::r h r - : i :r s  Lou i sv i l l e, - - - i t r i s k y  Cl I I r ha 75

Ensley l-le rmrp i iis , I’ er m n -::see 30 Apr 75
hr -nmhi arri  i turk e I- ’ ur ii  i , 1’ n -n r r e  s see l l-l :mv 75

( - t r i t . i n u e d )

9
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Table 1 (Concluded)

In sta l la t ion  loca t ion  Date Vis i ted

ft. h aul Dis t r ict

f t .  Pr-iul , Minnesota 5 May 75
f - h e r r - s o :  ft .  Paul , Minnesota 5 May 75

- -a L  lIt .  Paul, Minnesota  5 May 75
.t~ 5 r I .:r 1 .- r C I t t .  h aul , Minnesota 6 May 75 

Avenue I I .  hau l , Minnesota  ~ I-lay 75
- os - ‘ r - o f t  ft . i n -u i , Minnesota 6 May 75

C r  r - ’ -- - r.. Paul, l- l ir mni i-::ota C May 75

Bock Island

Rock Island , Illinois 8 I-lay 75

1 :-m I,. b - l o ck Island , I l l inois  8 I-lay 75
I . ; I : a : - m  Rock Isl;ti:d , Illinois 8 I-lay 75

- a - i . : I - :  t~:: h a l - r i  ~ue , Iowa 9 I-lay 75

1 - cs CI c -  a rt - Cu i -m i lue , Iowa 9 I-lay 75
hum :.e 1r ai~a iu :  , Iowa 9 I-lay 75

11’
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