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PREFACE

The model investigation reporied herein was authorized by the
Office, Chief of Engineers (OCE), U. S. Army, on 4 March 1976, at the
request of the U. S. Army Engineer District, St. Paul.

The study was conducted during the period March 1976 to May 1077._

in the Hydraulics Laboratory of the U. S. Army Engineer Waterways Experi-
ment Station (WES) under the direction of Messrs. H. B. Simmons, Chief
of the Hydraulics Laboratory, and J. L. Grace, Jr., Chief of the Struc-
tures Division, and under the direct supervision of Mr. N. R. Oswalt,
Chief of the Spillways and Channels Branch. The engineer in immediate
charge of the model was Mr. B. P. Fletcher, assisted by Mr. R. L. Bryant.
The report was prepared b 3 ghery.

During the course of the investigation, Messrs. Sam Powell, John
Robertson, and Robert Kinsel of OCE; Joe Jacobazzi, John Suhm, Jose
Ordonez, and Fred Korbus of the North Central Division; and Jim Muegge,
Robert Penniman, Martin Farber, and Tom Pennaz of the St. Paul District
visited WES to discuss the program of model tests, observe the model in
operation, and correlate test results with design studies.

Directors of WES during the conduct of the study and the prepara-
tion and publication of this report were COL G. H. Hilt, CE, and

COL John L. Cannon, CE. Technical Director was Mr. F. R. Brown.

e

At



PREFACE . . . aBo oMo o o beoi of olodoy B d
CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) UNITS OF
MEASUREMENT . . . . . . . . 6" 0 6 o"c o © o 5 o

PART I: INTRODUCTION .

The Prototype . . . oo ko TQ
Purpose of Model Study I LT

PART II: THE MODEL . . . .

Description .

Interpretation of Model Results o

PART III: TESTS AND RESULTS

Original Design . .
Alternate Designs .
Recommended Design

PART IV: DISCUSSION
TABLES 1-3
PHOTOS 1-22
PLATES 1-L8

oL bt




CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (S1)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be

converted to metric (SI) units as follows:

Multiply Ry To Obtain
inches 2951 millimetres
feet 0.30L8 metres
miles (U. S. statute) 1.60934h kilometres
acres Lok6 . 856 square metres
square miles (U. S. 2.580088 square kilometres
i statute)
gallons per minute 3.785412 cubic decimetres per
minute
' feet per second 0.3048 metres per second
cubic feet per second 0.02831685 cubic metres per second
‘i
;
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INDIAN CREEK PUMPING STATION, MANKATO, MINNESOTA

Hydranlic Model havestipation

PART 1@ INTRODUCTION

Ihe Prototype

1o The Indian Creck atom-water punping atation will be located

about. TO miles® aonthwest of Minneapolis, . snkato, Minneaota, at the

Jmetion of Indfan Creek with the Minnesota diver ou the right bank of

the Mimnesota River about 80 6 downatream from U, 8, Highway 109

ridge (Figure 1 and Plates 1 and 2). The lndian Creek watershed covers
about STO0 acrea (8.0 aquare milea). The pumping station ean be pet fov
manual or amtomatic operation and will e uwsed for pumplng storm-watern

runet’t only. Petalla of the origianl design pamping station are shown

fn Plate 3.
4 The Pleasant Htreet ponding area located about

LY

stream of the pumping station (Piate O) will control the runoft from the

3000 't up-

upper areas of the watershed,  Runof Cram the 333-ncre drajnage sven

betweon the ponding area and the pumping atation will flovw divectly to
the pamping station via closed conduit and open chamnel.  The proponed

pmping atation will be of the wet-pit (sump) type and will employ four

vertical shatt pumps to provide s paaping capacity of 130,000 g,

Trasheacks will te provided for protection ot all pumps.  The pumps din-

<

charge directly to a common gate well outflowing to the viver daring

Blocked gravity dealuage conditiona,

.o The oantlet gates of the Pleasant Street ponding area will bhe

vettdte=cont rolled fram the pumping atation.  During flood periods, the

gates will normally be closedy hovever, atored water may be used to aug-

ment rflown to the pamping station.  Peak releasze eates fram the ponding

e g e —— T A —

® A table of factoras for converting i, 8, cuztomary units of wmeasure-
ment to metric (B1) units {n presented on page 3.
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The atation will fuclude three -t I
During po-

area will not exceed 300 ofa,
aquare conduits that will convey pravity flows to the river,
tentinl rflood periods wlen the river reaches el 761,* the salulce gntos
in the gravity=-riow outlete will be closed, the four alnlce gates at the
entrance to the pump sump will be opened, the pumps will be activated,

and the water level in the sump will be pumped to minimum sump elevation
(1 757

Purpose of Moadel Btndy

L The mode!l study was conducted to evaluate the chiaracteristicn
of maped and gravity riowvs in the original deaign pumping station and
to develop maditieationa required ror fmproving the diatridbuation of flow ‘

-

to the pump Intakes and gravity-riow outlets,

® A1l elevationz (e1) cited Lierein ave in teet referenced to mean sea
levels (1009 adlustment.). ;
4
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PART II: THE MODEL

Description

5. The model of Indian Creek pumping station, constructed to a
linear scale ratio of 1:10, was fabricated of transparent plastic and
included 100 ft of the approach conduits, sump forebay, pump sump, trash-
racks, pump intakes, and S0 ft of gravity-flow conduits (Figure 2 and
Plate 3). Flow through each pump intake was provided by individual suc-
tion pumps that permitted simulation of various flow rates throush one
or more pump intakes. Various flow conditions through the gravity-tlow
conduits were also provided by individual suction pumps.

6. Water used in the model was stored and recycled in a headbox
and discharges were measured by turbine flowmeters. Water-surface ele-
vations were measured by staff and point gages. Velocities were mea-
sured by a pitot tube and a turbine cwrrent meter. Current patterns
vere determined by dye injected into the water and confetti sprinkled
on the water surface. Pressure fluctuations at the pump intakes were
measured by 5.0-in.-diam (prototype) electronic pressure cells (Figure 3)
flush with the floor of the sump directly below the center line of the
punmp column. Swirl in the pump intakes was measured by vortimeters
(freewheeling propellers with zero pitch blades) located inside each
pump intake at the approximate position of the prototype pump propeller

(Figures 4 and §).

Interpretation of Model Results

7. Accepted equations of hydraulic similitude, based on Froudian
criteria, were used to express the mathematical relations between the
dimensions and hydraulic quantities of the model and prototype. The
general relations expressed in terms of the model scale or length ratio,

Lr‘ are presented in the tabulation on page 10:
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Figure 5. Flow conditions; original design, pumps 2 and 3 operating, é
sump el 757 :
Dimension Ratio Scale Relation :
Length Lr AL N(0)
2
Area Ar = Lr 1:100
Velocity ™ Li/g 1:3.16
L
Discharge R L;/? 1:316.23 |
2 |
Time T, = Li/ 1:3.16
Pressure P =1 1:10
r r
) ;.
Frequency T = l/Ll/‘ 1:0+316
Measurement of discharge, water~surface elevations, heads, velocities,
pressure, and f{requency can be transferred gquantitatively from the model
to prototype equivalents by these scale relations.
10 |
3
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PART T11:  TESTS AND RESULTS

Orlginal Denipn

8. The 1:10=ncale reproduciion of the orlgtinal desipgn of the
gravity=tlow scection and the pump sy Incladling the o S0=ln, pumps,
the Dh-in, pump, and Lhe 2h-{u, return tlow conduit s shown in Figare b,
The pampe were mmbered as fndleated In Figuee 4o The 2hain. pmp
{pump 1) had o 15,000=gpm capacity and was desipned to pump duelog pe-
riods of low jnflow.  Fach 36=1n. pump had a capacity of 34,000 gpm,
Pamp & conld return as mich ag 15,000 gpm to the samp through the Sh-in,
return Clow conduit Lo reduce pamp eyellng, Hederanlle performance of
the pamp mamp and gravily=Clow oullet woere evaluantoed by visual observa-
tlong of flow conditions and measurements of velocitles and flow distri-
but fons, preasures on the rloor of the sunp divectly below the vertleal
axis off the pump columnag, and rotatlon of tlow at the approximate posi-
Lion where cach propeller will be located in the protolype,

9, Vavious pump=induced Clow conditions ave {lluslrated in
Mhotos 1-7. Tatlow from Lhe three condilia tended to remaln concen-
trated fu the central porltion of the torebay and sump,  This imeven tflow
distribhntion produced counter eddies on opposite afdes of the wamp
{(Photoa h=7) thnt induced adverse elreulation in the vielnity of the
pump intakes.  Afr-enteaining vortexea {(Flpure 5) occurred Intermlt-
Lenlly al the pump fntakes.  Flgure 6 shows the stagea In {he development
of an afr-entralning vortex Crom a smll depresaslion fn the water surtace
which gradually becames deeper andbil atr bubbles futermlttently break
awny, tormlug a contlnuons air core extendlng inlo the pump inlake.
Adveraze currenta in Lhe sump vere amplitled vhen the return Clow Crom
puanp 1owas discharged 1nlo Lhe torebay normal 1o the {ntlow omerent
(Moto ). The presence of the Lrasheacks did nel atfect 1he Clow.
Mresaure thictuntions expressed as feel off water and rotatfonal Clow
tendencles expreased as revolulions per minute {n the prototype intakes

and pumps are given fn Table 1. The majority off the measutrement »
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Figure 6. Stages in development of air-
entraining vortex

indicate that the pressure fluctuations may be related to the speed of

the vortimeter or rotation of flow.

10. With the gates to the pump sump closed and the maximum antici-

pated discharge of 995 cf's through the gravity-flow section, a severe
contraction ot flow occurred at the right abutment as illustrated in
Photo 9. The contraction appeared to cause significant head loss in

flow through the gravity-flow section.

Alternate Designs

11. Several designs were investigated to develop one that would
nniformly distribute water to the pump intakes and provide satisfactory
flow to the gravity-flow section. Flow separation at the pier noses
was reduced by adding 1-ft radii to the noses of the piers as shown in
Plate 4. Plow was more evenly dispersed in the forebay and uniformly
distributed to the pump intakes by thie baffle shown in Plate k., The
baffle also improved the flow distribution when flow was being recycled
to the sump through pump 1 and the return flow conduit. However, ad-
verse currents in the sump and intermittent nonair-entraining vortexes

were observed in the vicinity of the pump intakes. Adverse flow

Sl




patterng that occourred due to the returu t'low and the unsymmetrlenl ge-

ometry of the pump sump were improved by adding the divider wail (type 1)
ghown in late b, Hlowever, the divider wall fzoiated the 2h-in. pump
and created adverse flow conditions in pump bay { when the pump was
operating.

12, The pertormance ot the gravity=tiow section was Luproved by
extending the gravity=trlow conduits and positioning the headwnll L5 tt
upatream as shown by the dashed lines 1o Piate b, This moditication
provided a more direct vounte and reduced contraction ot t'low entering
the gravity=tlow conduitas,

13.  The type @ divider wall with a rounded nose (Mate 5) was in-
atalled in the model, and less contraction off flow was obuerved avround
thie nose ot the divider wadl and more unitorm tlow distribution vesuited
instde the 2li—in. pump bay. Aithongh the type 2 divider wall was a aig-
nificant tmprovement, surtace eddies tended to extst in the viciunity ot
the pump cofwm. A hanging tattie wan fustalled 3 £t downutremm theom
the entrance to the 2h—in. punp bay ('late ). The lower part ot the
baft'ie extended down to el 755, 2 't below the minimam sump elevation,
flow accelerated an it passed beiovw the baftle and was wore unifovmly
digtributed inside the puamp bay. No surtace oddies were obaerved fn the
vicinity ot the 2h=in. pump.

iy Additionnd moditications were investipated in an attempt to
fuprove tlow distribution to the four 30<in. puamps.  The type D batt'le
wag instalied acrous the torebay an shown in fiate Oa, but tests ve-
vealed this moditiention did not signitficantly {mprove tiow distribution.
The type & bat'tic provided aatistactory tlow distvibution to the gravity-
tlow asection with all discharges, tncluding the maximun rate off 995 ¢z,

15, The type 3 bat'tle was Instalied across the forcbay (iate 6b)
to provide a more uniform tiow distvibution with all combinations ot
panps operating at anticipated mamp eievations,  Watev-swtace depres-
gions simiiar to stage (¢) in Pigure 6 were evident in the vicinity ot
each ot the four 30=in. pump futakes. Although the type 3 and seveval
othier battle desipgna inveatigated {mproved the hydroalic pevtormance of

tiie sump, none were conaidered satistactory.

13
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16. Tests were conducted to investipate the effects of extending

the length of the piers downstream. Test results vevealed that partial
pier extensions toward the back wall indnced adverse clrculation around
the downstream end of the plers, Satiafactory sump pertormance wag
achioeved with individual bays that were tormed by extending the piers to
the back wall (Plate 7). Velocity measurements indicated satintactory
veloeity distribution in the individual bays, and only intermittent snr-
face depressions with stage (a) vortexes as shown fn Figure ¢ and

Photo 10 were evident in the vicinity of ench pump. Althowh it was
considered that this type vortex might not be harmful, tests were con-
dueted to develop a device that would eliminate the vortex. investipga-
tion of several types of vortex suppressors resulted in selection of the
type 3 (Plate 7), which eliminated the surface depressions. Pressure
fluctuations expressed as teet of water and rvotational flow tendencles
measured with vortimeters as revolutions per minmite in the prototype
punps are given iun Table 2. The values indicate a significant reduction
in magnitute when compared with the values obtained with the original
deatgn (Table 1), Velocities measnred with varvious suup elevations and
combinations of pumps operating are presented in Plates 8-28. These
velocitiea were measured 1 't above the floor of the sump nnd indicate

the lateral flow distribution approaching the pumpsa.

Recommended Design

17. Engineers ot the U. 8. Army EFngineer bistrict, St. Paul, te-
clded, for reasous of economy, to eliminate the 15,000 gpm (Oh in.) pump
and revise the crosas section ot the three gravity-tlow discharge con-
duits from 8 €t in diameter to 7 L square. The recommended prmping
astation design (Plate 29) was developed by incorporating these modfficn-
tiona. Various flow conditions with the recommended design are {llans-
trated in Photos 11-19. The trashrack has an inafgnitleant etfect on
hydranlic performance and should be used tor all bays. Velocitien men-
sured with various sump elevationa and combinations of pumps operating

are presented in Plates 20-h8 and indicate that the recommended sump

1h
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design should provide satisfactory flow distribution to the pumps.
Pressure fluctuations and rotational flow tendencies observed with the
recommended design are given in Table 3. The values in Table 3 and
Photo 20 indicate essentially no flow instability or swirl at the pump
intakes. A comparison of Table 1 (original design) and Table 3 (recom-
mended design) indicates a reduction in maximum pressure fluctuatious
trom 3.6 't (original design) to 1.0 ft of water (recommended design)
and a reduction iv swirl from 7.6 rpm (original design, prototype speed)
to 0.3 rpm (recommended deslgn). The type 3 vortex suppregsors
(Plates T-29) eliminated any tendency for surface vortexes as {llus-
trated by dye injected into the 1low in Photo 21.

18. Satisfactory flow conditions were observed for all antici-
pated rlow conditions with the three T-ft square conduits {(type 3
gravity-flow intakes) shown in Plate 20, Performance with the maximm

anticipated flow of 995 ct's is illustrated in Photo 22.




PART IV: DISCUSSION

19. Hydraulic performance of the pump sump and gravity-flow sec-
tion was improved by the addition of minor modifications developed dur-
ing the model study. Satisfactory operation of the pumps and gravity-
flow section should be anticipated due to the elimination of severe flow
instability, swirl, and pressure fluctuations in the vicinity of the
pump intakes and contraction of flow at the right abutment of the
gravity-flow section.

20. The major hydraulic problems encountered were generated by
the concentrated inflow that passed through the forebay into the pump
sump with one or more pumps operating, and by the adverse geometry and
route required for gravity flow from the three inflow conduits to the
three outflow conduits. Several alternate designs that included baffles
in the forebay to disperse the inflow were unsuccessful.

21. Satisfactory sump flow conditions werec obtained by rounding
the noses of the piers to reduce separation of flow at entry and by
isolating each pump by extending the piers to the back wall of the sump.
Pressure cells located on the floor of the sump directly below the
center line of each pump intake reflected the improved flow conditions
that resulted from the recommended modifications by indicating a reduc-
tion in maximum pressure fluctuations from about 3.6 ft of water with
the original design to approximately 1.0 ft of water with the recom-
mended design. Freewheeling propellers, with zero pitch blades, located
in the approximate position of the prototype pump propeller indicated a
reduction in maximum swirl from 7.6 rpm (prototype specd) with the orig-
inal design to 0.3 rpm with the recommended design. Velocities measured
in the approach to the recommended design indicated uniformly distrib-
uted flow to the pumps. The severe drawdown of flow at the entrance to
the gravity-flow section was eliminated by streamlining the right abut-
ment and providing a more direct route for flow to enter the gravity-

flow section.

16




Table 1

Prossure Fluctuations and Swirl at Pump Intakes, Original Design

Sump Pump No.
B, b Sump Performance Tudicator & 2 3 h 3
Tt Pressure fluctuation® X 0.5 X ¥ X
Rotational flow tendeney, rpm o
TsT Prossure fluctuation X 1.4 2.8 X X
Rotational flow tondency, rpm 0 L, 2+ X X
157 Pregsure frluctuation X F 2% | 1:0 2.0 X
Rotational flow tendency, rpm 1.3 bl 5"
75T Pressure tluctuation X X X X QS
Rotational flow tendency, rpm 2.5
760 Pressure fluctuation X 0.2 X N X
Rotational Clow tendency, rpm 0
760 Pressure fluctuation X LIS 2.0 X AN
Rotational flow tendency, rm 0 1,8
T60 Pressure fluctuation X 1.0 0.5 2.8 X
Rotational flow tendency, rpm @5 Ay 2T
| T6O Prossure fluctuation X 1.0 2.5 9.5 0.3
Rotational flow tendency, vpm Lo 0 0 0
760 Pregsure fluctuation X X X X Q.5
Rotational flow tendency, rpm LD 3
761 Pressure fluctuation X Q.2 X X X
Rotational flow tendency, rmm 0
761 Preassure fluctuation X 2.0 3k X 3
Rotational flow tendency, rpum bohe i ta
761 Pressure fluctuation X 1.0 0.5 &.0 X
Rotational flow tendency, rpm Ri6L0 52 0,3 Lohe
761 Pressuro fluctuation X 1.0 0.5 oG (2 5%
Rotational flow teudency, rpm Sio gy
761 Pressure fluctuation X \ X AY 0.2 -
Rotational low tendency, rpm o
762 Prossure fluctuation X 0.2 X A\ X J
Rotational flow tendency, rpm Q i
T62 Prossure luctuation X Bi¥ 2.2 X X
Rotational €low tendeuncy, rpm 2.0 3.8
762 Pressure frluctustion N 2.8 Y@ Nl X
Rotational flow tendency, rpm &P 33" 8. 9%
762 Prozsure fluctuation X 2.6 L0 0.5 1.0
Rotational flow tendency, rpm I 8:5° 0 0
762 Preasure fluctuation N X X X 0.2
Rotational flow tendency, rpm 0

Noto: All magnitudes are expressed in torms of prototype oquivalents.
* = ¢clockwise rotation
¢ = comnterclockwine rotation

X = pump not operating |
rem = rovolutions per minute 1

Discharge per pump, 34,000 gpm
®  Pressuro fluctuations ave giveu in feel of water.




Table 2
Pressure Fluctuations and Swirl at Pump Intakes
‘ Type 2 Divider Wall, Type 1 Pump Bay Wall, Type 3 Vortex Suppressors
1 Type 2 Pier Noses, and Type 2 Gravity-Flow Intakes
Sump Pump No.
ol $UlG Sump Performance Indicator 1 2 5 5
57 Pressure fluctuation® X 0 X X X
Rotational flow tendency, rpm 0 g5
T57 Pressure fluctuation X 0 0 X X
Rotational flow tendency, rpm Uy X
T57 Pressure fluctuation X 0 0 0 P
Rotational flow tendency, rpm 0 0 0
oI Pressure fluctuation X 2.0 0 0 0
Rotational flow tendency, rpm 2.0v O 0 05 5%
5 Pressure fluctuation L 0 0 0 0
- Rotational flow tendency, rpm 1.0v O 0 0352
] 55T Pressure fluctuation X X X X 0
Rotational flow tendency, rpm 0
757 Pressure fluctuation X .ot X X X
Rotational flow tendency, rpm L5
760 Pressure fluctuation % 0 X X X
Rotational f'low tendency, rpm 0.3+ ]
760 Pressure fluctuation X 0 0 X X ;
Rotational flow tendency, rpm 0 0
760 Pressure fluctuation X 0 0 0 X
Rotational flow tendency, rpm 0 0] 0
760 Pressure fluctuation X 0 0 0 0
Rotational flow tendency, rpm 0 0 0 0.6+
760 Pressure fluctuation X X X N 0
Rotational flow tendency, rpm 0

(Continued)

Note: All magnitudes are expressed in prototype equivalents. 3

+ = clockwise rotation
+ = counterclockwise rotation
X = pump not operating

rpm = revolutions per minute

*  Pressure fluctuations are given in feet of water.
#*%  pymp No. 1, 15,000 gpm (not instrumented); pumps Nos. 2-5,
34,000 gpm each.
+ Pump No. 2, 34,000 gpm, recycling 15,000 gpm to forebay.




Table 2 (Concluded)

Sump
El, £t Sump Performance Indicator
761 Pressure fluctuation®
Rotational flow tendency, rpm
761 Pressure fluctuation
Rotational flow tendency, rpm
761 Pressure fluctuation
Rotational flow tendency, rpm
761 Pressure fluctuation
Rotational flow tendency, rpm
761 Pressure fluctuation
Rotational flow tendency, rpm
762 Pressure fluctuation
Rotational flow tendency, rpm
762 Pressure fluctuation
Rotational flow tendency, rpm
762 Pressure fluctuation
Rotational flow tendency, rpm
762 Pressure fluctuation
Rotational flow tendency, rpm
762 Pressure fluctuation
Rotational flow tendency, rpm

Pump No.
§ TSR TN S AT g
X 0. X N X
0
X 2. 2.0 X
0 0
X 13 0.5 0
(0] 0 0
N L 1.0 0 0
0 0 0 0
X X X X 0
0
X (), X X
0]
X 1.0 150 X X
0 0
X W0 11, (@ Lo X
0 0 0
X I, (@) NG 1.0 0
0 0 0 0
X X X X 0
0

*

Pressure fluctuations are given in feet of water.

el e




Table 3

Pressure Fluctuations and Swirl at Pump Intakes

Type 2 Pump Configuration, Tvpe 1 Pump Bay Wall, Type 3 Vortex

Suppressors, Type 2 Pier Noses, and Type 3 Gravitv-Flow Intakes

Sump Pump No.
Bty Sump Performance Indicator 2 3 L 5
i Pressure fluctuation® 0 X X X
Rotational flow tendency, rpm Qo2
Tt Pressure fluctuation 0 0 X X
Rotational flow tendency, rpm 0 0
T57 Pressure fluctuation 0 0 0 X
Rotational flow tendency, rpm 0 0 0
it Pressure tluctuation 0.5 0 0 0
Rotational flow tendency, rpm (0) 5,37 0 0 0.2
TS Pressure fluctuation X S X 0
Rotational flow tendency, rpm 0
760 Pressure fluctuation 0 X X X
Rotational flow tendency, rpm 0
760 Pressure fluctuation 0 0 X X
Rotational flow tendency, rpm 0 0
T60 Pressure fluctuation 0 0 0 X
Rotational flow tendency, rpm 0 0 0
760 Pressure fluctuation 0 0 0 0
Rotational flow tendency, rpm 0 0 0 0
760 Pressure fluctuation X X 3 0
Rotational flow tendency, rpm 0
761 Pressure fluctuation 0.2 X X X
Rotational flow tendency, rpm 0
761 Pressure fluctuation 1.0 1.0 3 X
Rotational flow tendency, rpm 0] 0
T61 Pressure fluctuation 0,5 0 0 X
Rotational flow tendency, rpm 0 0 0
(Continued)
Note: All magnitudes are expressed in prototype equivalents.

+ = elockwise rotation
+ = counterclockwise rotation
X = pump not operating

rpm = revolutions per minute

Discharge per pump, 34,000 gpm
Pressure fluctuations are in feet of water.

-

e A e




Table 3 (Concluded)

Sump Pump No.

El, r't Sump Performance Indicator 3 Y 5

761 Pressure fluctuation® 045 0.5 0 0.2
Rotational flow tendency, rpm 0 0 0 0]

761 Pressure fluctuation X ¥ 0
Rotational flow tendency, rpm 0

762 Pressure fluctuation 0 X N %
Rotational flow tendency, rpm 0

762 Pressure fluctuation 0.5 0.5 X X
Rotational flow tendency, rpm 0 0

762 Pressure fluctuation 0.5 0.5 0.5 X
Rotational flow tendency, rpm 0 0 0]

762 Pressure fluctuation 0.5 0.5 0.5 0.
Rotational flow tendency, rpm 0 0 0 0]

762 Pressure fluctuation X X 0
Rotational flow tendency, rpm 0

»

Pressure fluctuations are in feet of water.

.
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PLATE 48




In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below,

Fletcher, Bobby P

Indian Creek pumping station, Mankato, Minnesota; hydraulic
model investigation / by Bobby P. Fletcher. Vicksburg, Miss.
U. S. Waterways Experiment Station ; Springfield, Va. : avail-
able from National Technical Information Service, 1978.

16, £ 273 p., 48 leaves of plates : 111. ; 27 cm. (Technical
report - U. S. Army Engineer Waterways Experiment Station ;
H-78-8)

Prepared for U. S. Army Engineer District, St. Paul, St.
Paul, Minnesota.

1. Entrances (Fluid flow). 2. Flow characteristics. 3. Hy-
draulic models. 4. Indian Creek Pumping Station. 5. Pumping
stations. I. United States. Army. Corps of Engineers. St. Paul
District. II. Series: United States. Waterways Experiment Sta-
tion, Vicksburg, Miss. Technical report ; H-78-8.
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