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13, ABSTRACT (Continued)

A formed suction intake (FS1) wus alao investigu ed in the genera, wodel.

Test resuits indicated chat evirl in the pump intake vss satisfactery with the
FS1 sven when the trashrack was partially blocked,

Tests weres conducted in a section mudel primarily to tnvestigate flow
distribution in the pump column and to compars hydraulic performance of the
vertical succion and formed suction Intakes, PFlow diszsibutien in the F5i
was satisfactory even with 25 sercent of the trastirack Ylocked. The vertical
suction and forwed suction intakes were similar fros s surface vortex stand.

polnt; hovever, the FE1 was superior based on suivl and flow distribution in
the pump intake.
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PREFACE

The wodel fovestigaticn veported herein vas authorized by the Haa-
quarters, US Arwy Corps of Englinwecs (HQUSACE), on 12 Ovtober 1984 at the
request of the US Arwy Engineer District, Str. fouls, The studiss weis con.
ducted by psrsonnel of th., Hydrauilcs aboratory, US Army Englneer Mateivays
Experiment Statfon {(MES), during the period October 1984 to November 1987
under the direction »f Musxrs, F. A Hervmann, Jr |, Ohief of the Hydraultcs
iaboratory, and R, A, Saper, Asalstant ‘hied of the Hydraullcs lLaberatery, and
under the zeneral supervisglion of Ressrs € A Plokering., Chief of the
Hydraulice Structures Diviston {HSD), Hydreu.ics L.boratoty, and § ® Oswaly
Chitel of the Spilivays and Channeles Branch (5CR), HSD  Pro,ect englnsers for
the sodel study were Mesars 7 L Ehkptri-h and B ¥ Fletvher, sssisted by
Messra., B E PRryant and b b Rucker, Jv | ali of HED  The nodel wvas coun
strurted by Mr W lLanders of the Enginesring and Copntiuctlion Services
Division, WES. This report was writlen by Messxrz Firkpatriek and Fietche:
and edited by Hra N ¢ Gay, Information Techtolopy Laboratory, WES

suting the seded investigation, Hessrs  James Luther, Fou Dlecksany “in
Sronin, and Wavee %illsr, 5t louls Ulstrict, Joe Helursick  flavry Bckhenrod
and Lavey Cook, US Arsy Engineer Divizion, jlover Misasisaippi Vallev, and Rob
Kinzel  HWUSATE, wisited VES to discuss the progran of scdel tests and obaerve
the mode]l i operation

Commander and Divecror of WES during prepavation of this report wax

COL Larry B, Fulton, EN  Technical Director was Uy Kebert ¥ Whalin
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CONVERSION FACTORS, NOM-SI TO SI (METRIC)
URITS OF MEASUREMENT

Non-S1 units of measursment used in this report can be converted to §l
(matric) units as follows:

ST . ) ¥ 3,5 U — 1) S ¢3¢, 3 7'V U S
acres &,046.87) SQUATS metres
cubic feet 0.0283168% cubic metres
dagrees (angle) 0.61245329 radians
faer 0. 38 Y
inches 2% 4 niilimetres
3
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PART 1. INTRODUCTION

he Proseiyps

1. The progosed Altoo Pumping Station will be located {n Madison
County, Iilinola, Just south of the city of Alton, L, and adjscent to the
Helvin Price {lock end Dam 26 (teplaceoment)) profest (Figures 1 and 2} The
existing flood control measures in the repfun consiat of weveral drafnsge
ditches and a puaping rlation with o pumping capac ity of 138 ofy °

A ?¥-pcre panding area s located to the north of the proposed
pusping station {(Figure 13 Thisz avtes will Le szed te alole avepage and siors
flows when quantitivs excoed the capacity of the pusping station and during
petiods whon the ates cannot be dralned by pravity A main dreinage channel
runs through the entite lengih of the pond? ¢ area (Figure 27 The main
channel splits abour 568 ¢ upetreass of the purpling slafion to aliow separsle
conveyance of gravity and pusped flows (Figure 1} The drafnage chanvel
ieading to the pusping statien has a 6.1 hotron width and side aiopes of
IV on 40 The capacity of the chavnel fs 267 cfe a3t a depth of w 9 £1 and a
velocity of 2 1 fps  The dizcharge from the punpinog statinn and the graviyy
flow channel will be collected in a comaon discharge vhazhe:  The chasbe:
will perslt gravity flow Into twe sxlsting 60 -In culverts, which pass through
the levee and discharge into an existing conrrels pad lovated on the
Misninsippi River. A stee] lining will Le plaved inside the 68 . 1n culverts
tn ensure thelr structursl fntegrity The Jintrg will redurs the Inside
diameter of the culverts to % in. amt allos a fotal flovw caparity af 250 cfs
with no taflwater.

3. The deainage srea is an urbanfzred region vith moat of the develop:

went outs!-e of the floudplain  Hovever, poveral Jargr Industiies are located

W

-

A table of factors for converting non-$! unite of meaauvemsuts to §1
{matric) units {s found on page 3.




Figure 1 Vicinity map
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Figure 1 FProposed pusping station

on the outakirts of the floodplaln and would sufler extensive damage with a
small depth of floodvater., The watsr-surface elovation in the ponding ares
varies from 399.5 to 415.8.7 Ponding slevations above 415 B would cause sub.
stantial flood damage in the drafnage area The majority of flow entering the
drainage ares will consist of seepage water from the conzervation pool created
by the Alton project. Thne main drainsge chasne] will atore flovs to 8 panding
elevation of 410.0. Additions! atorage 1o available in the poending ares outl.
; side of the drafnage channel to s saximus elevation of 411 0, thus alloving a
factor of safety to the dasage slevarion of 415 8. The pumping statien is
operable to an lepoundment elevation of 427 0 The pravity flow chasnel wil}
be operated to a gate closing lspoundment ¢levation of 4040 Pueping opers.
tions wili begin at & minisus impoundment slevation of o0s 0,

All elevations {(el) clited herein are in foet refstred to the National
Geodsatic Vertical Datum (NGYVD).
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4. The proposed 22)-cfs Alton Pumping Station will consist of three
individual pusp bays and Chree vertical 11ft pumps (Plate 1) with a design
discharge of 74.4 cfs per pusp and a maximum discharge of 112.0 cfs per pump.
Each puwp bay will be equipped with a mechanically cleaned trashrack to remove
any large debris entering the statfon. A concrete breast wall vwill be con.
structed across the width of each bay to provide s support for a closure gate
to be used for dewatering purpcses. Bulkhead slots are also provided in the

bay valls to sllow for emergency closure of the pusp bay in case of gate
fallure,

Rurpose and Sreve of the Model Study

S, Orfgloally, the mode]l study was conducted to evaluate the flow
charsctaristics of the appruach channel, pusp bays, and vertical pusp (ntake,
and to develop sodificetions thet would lsprove the hydraulic performance of
the structure. Additional teats wers conducted on & formed suctiovn intaks

(F51) design to compare the hydraulic perfarsance of the twe designs

R
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PART 11: THE MODELS

Ressriptieon

Sanaral.modal

6. Tha ganeral model {Figure 4) war constructed to an undistorted
linsar scale ratio of 1:10, The model reproduced a 400-fc length of the
approach chanmel and the three pump bays snd pusp Intakes. The upstresm
curved section of the approach channel wax solded of pea gravel to sheet wmetal
tewpletes. The downstresm trapervidal section of the apptoach channel wax
constructad of asrine plyweod. The susp and pusp intakss wore constructed of
Plexiglas to parsit obssrvation of {lov patterns vithin the sunp.  Brass rods
vere used to simulate the trashrack in sach pump bay.

7. Individual centrifugal flow pumps vere used to recirculate the flow
through each pump intake and tu persit operation of various pusp cosbinstions
Digital paddle vheel type flowvwaters were used to weasure all dischargss.
Hotorized tutterfly valvas were used to sef & given discharge through each
pump. An electromagnetic type velocity moter way used to measure all veloc!-
ties in the model. Confsatti and dye were used to observe surface and aub-
surfsce [iow patternz in the medel
saciien model

8. The 1:3-scale section model consisted of s singls pump bay oesigned
to pe.sit tesring of various pump bay and intake designs. The approach chan.
el waw not reproduced; therefore, approach flows into the pusp bay were rot?
simulated, The section model facility {» shown {n Plate 2. The pump intake
and pusp bay side and resr walls were constructed of rransparent plaxtic to
persit ohservation of flow.

9. The mathod of operation and the squipment (puspa, {lowwelers,
valves, vortimeters, and velocity meters) used in the cection wodel were
easantially the seme as dazcribed for the gencral model,

Exaluation Ischoigues

[P

10, Techniques uaed for segluation of hydrauiie performance included
the following:

3
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4. Gurrent patterns in the approach channel were detersined by means :
of dye injacted into the water and confetti sprinkled on the water .
P
surface. Water-surface elevations were measured with staff and
point gages. Velociiies in the approach channa]l and pump bays vers
measured with pitor tubes and electro:
STAGE 0 - NO VORTEX sagnetic veloeity probes.
k. Visual observations were made to
oo detect surface and/or submerged vor-
= tices. A design that permits a
Stage C surface vortex or submerged
vortex with & viaible atr core (s
considared unacceptable. Stages of
surfacs vortex development are shown
in Flgure 3 A typlcal tesat con.
STAGE A sinted of documenting, for a given
flow vondition, the Bost severe vor-
e tex that occurred in a 3-ain {(model
- time) period,
. Swirl angle var meavured to indicete
the strength of avirl entering the
pump intake. A swirl angle that ex-
ceeds )} deg 12 considered unsccept-
STAGE B able. Swirl {n the puwp columna vax ‘
indiceted by s vortimeter (free- :
e whesling propellc: with rero pitch '
- ‘ blades) located inside the pusp
calumn (Photo 1. Swirl angle iz de.
fined as the ratio of the blade speed ‘
Yy st the tip of the vortisstey )
blsde to the aversge velocity v, :
AGE for the cross section of the pump ‘
STAGE C column. The swirl angle ¢ s com.
puted from the following formuls.
= 3
$ oo van! ?{ (1)
*tecacnssi®’
whers
STAGE D ‘
Yo » 2ddn ;
= andd ;
STACE £ and %
Figure 5. Stages in surface i
vortex development, F$I e
i
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swirl angle, deg

Vo =~ tangential velocity at the tip of the vortimetsr
blade, fpa

V, = average pump column axial velocity, fps

d » pump coluan diameter (used for blade length), ft
n = revoluti{ons per second of the vortimeter

Q = pump discharge, cfs

A ~ cross-sectional area of the pusp coluan, fti

#. Measurement of volocity distribution and flow stabilicy in the
pusp Intake (section model) ta discussed in paragraph 27

Scale Belationa

11 The model scales for the general and the section sodels vere
cosputed to provide a Reynolds number greater than 1 » 16%, which {4 the lower
lim{t of turhulent flow as calculated by the following equation

vhere

4
t

Reynolds nusher
V =~ average velocity {n pump suction column, fpa

bl
]

inslde diameter of pump suction column, ft

<
]

kinematic viscosity of fluid, fti/pec

A Reynolds number of this magnitude wiil eusurs that scale effecis due to
vizcous forces will be minimized. The accapted squations of hydraulic simili.
tude, based upon Froudian criteria, wore used to sxpross the sathenstica)
relations between the dimensions and hydraulic guantities of the models and
Prototype. The genersl relations expressed in terss of the grneral model and
section modal kcales or length ratios Ly #re presanted in the following
tabulation,

i?

e
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Scale Relations

asdel Prototype .
éﬁﬂ.{,ﬂ. dession
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PART 111: TESTS AND RESULTS

Geneial Model

Appreach shannsd
12. The 400-fc-long trapezoidal channel provided an excellent approsch

geometry as indicated by the surface flow patterns in Fhotos 2-4. Bottoa
velocities i{n the approach ars also shown in Flates 3.5 ¥ith one or two
pusps operating, & slight flov concentration vas noted s flow passed around
the pler noss of the {dle pump bay  Flate & thows 4 plan and profile of the
flow patterns In the sump with & single outaide pusp hay in operation

Various sump designs
Lyexsical austlon. dntaksel

1}, In the originsl (type 1) design sump, the swirl angle increased as
the watet sucface Incresxed o o] 415 0 The Increans {n swiri in the pusp
intakes vas attributed to the atrong lateral flov that occurred through the
access pores in the (ntericer divider walls  The access ports are & 0§t wide
and have an invert elevation of 413 € (Flate 7} The ialeral flow through
these onenings produced flow concentrations that asplified the existing
ssympotrical inflow conditions to the puap Intakes and created the excesaive
swirl Tests conducted with the asccess porte clozed indicated that the socess
ports should be closed to reduce swirl st water-surface elevations above
4313.0. Even with the sccess poris <losed  the reduced swirl was stil] ron
sidered 1o be excessive and further sump sedi{fications vere required

4. Since flov in the approach charmel was fairly svenly diatridbutsd,
model tests were conducted to determine vhich cosponents ol the pusp bay
geonelry were contributing 1o the sxcessive swirl  Thres modlfications wele
sade to the pusp bLays during this serles of tests  Initially. the breast wall
and sidewall contractions (Flate ) were removed to tert flow in an upob.
structed pusp bay (type 2 design suap?  The sidevall contractions wete
replaced without the breast wall (typs 3 design suwep). Finally, the breast
wall vas replaced vithout the sidevall contractions {Type & design suap), The
following conclusions wers drawn from the analysis of these tests,

&. The swirl at the pump intake was practicslly slisinated with
the type 2 design susp {unchstructed pump bay). therefore. the
separation of flow around the pisr nones (Plate 6) had an
insignificant effect un swirl at the pump intakex,
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k. The sidevall contractions (Plate 7) produced a suall smount of
swirl,

. Tha breast wall (Plate 7) caused a major portion of the exces-
afve swirl, but removal of the breast vall vax not cousidersd a
feasible solution since the clovure gate (Plate 7) is supported
by the breast wall.

13. Several additional sump wodifications wers tested using various
flow stabilizing schemes. None of the modifi{cstions ylelded satisfactory
results for sll cosbinaclons of pumsps operating amd water-surface elevations.
A Z2.0-fu-radius quadrant wall was added to the lowser upatresm edge of the
breasr #ull to form the type % desipgn susp (Plate 8) The quadrant wall
reduced rhe separation of flcv froe the lover adge of the breast wall and
provided a preater {liw ares with reduced veloaci{ties beneath the waill
Vortimeter data indicated this desiyn was ineffactive (n elisinating the
unstable tlovw and excessive swirl. Fillets were placed {n the corners of the
pump bay in the type 6 design suap {Flate 7). The purpose of the fiilets wan
to slininate the atagnant rones {6 the corners of the pusp bay A aslgnificant
decrease {n the vumber of vortiseter votations was noted at a vater-aurface
elevarion of 41% 0. However, the amount of swirl becane excossive with a
water-surface elevation of 410.0. A splitcer wall placed beneath the pusp
bell in addition to the corner {{llets {type 7 design sump, Plate 103 did ooy
improve the hydraulic performance. The breast wall and sidevall contractions
vere moved & 70 ft upstream of thelr originkl poxition in the typer B design
sump (Plate 11j. The type 8 design sunp provided » greater length of channel
dounstreas of the breast wal]l fur the dissipation of unstable {liow comfitions
However, this arrangesent did not jwprove the susp prrforgsnce

16. Since the removal of the bresst vall in the previcus sodel texts
had reduced the amount of swirl at the pusp [utakes, A se¥iex of testa wove
conducted to detarwmineg {f the breast vall could be raleed to a higher cleva
tion to sinimize the amount of swirl at the pusp Intakex  Teats were conduc!t
ed with the lower edge of the breast vall ralsed to olevations of 404.0,
405.5, 407.5, 409.% snd 412.0 {type 913 dosfign sumps)  “est results rhowed a
reduction in swirl for &ll breast wall elevations of 07.% or greater
{type 11:10 dastlpn sumnc) A breast wall slevation of 408.0 (type 14 denign
sump) was recommended, but the US Army Engineer District, $t. louls., exprexned
concern over structural probless that might be encountered with the bresst wall
at this slevation. A request was made for tests to evaludte a breast wall at

15
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el 4G7.0 (rype 15 design sump), and these tests indicated satisfactory swirl
conditions. The disadvantage of raising the breast wall to a pesition above
the siniwus vater-suzface slevation (] 40%.0) iwx the eolininetion of the

surface turbulence created as flov passes under the wall. The surface turbu.

lence induced is effective {n auppressing the forsation of surfacs vortices at

the pump Intakes (Figure 3), Observations of flows with the type 19 desipn

susp at the sinisum vater-surface slevation confirmed the pressnce of Stags D

surface vortices (Figure §). A vortex supprsssor beas placed at a strategic

Figure 6. Stage D vortex

location §n the pump bay can create enough surface turbulence te slilainate the
formation of these vortices. A serios of code] leala were conducted to
deteruine thz propyt helgnt and position of the . ar{ex suppressor beam. The
sejority of the beams tesated produced fnatabllity fn the {low, which caused
exvessive swirl, These teat results indicated that 4 0 3-ft high beas placed

16
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2.4 ft downstiresm of the pump center line {(type 16 design zusp,

3
:
!

Figure 7. Type 1b design sump

Figure 73 did

not contribute to the swirl and prevented surface vortives stronger than
Stage A (Flgure 5).

17. The type 16 design sump 13 shown (n Flate 17 The following
changes were made to the originael desizgn suep:

8-

The openings in the interfor divider walls vere closed to
prevent lateral flow betvsen adjacert bays

The bresst wall was raised 1o an clevation of &7 0 2o reduce
the amount of swirl at the pump (ntakes

A 0.5-fr-high vortex suppressor bean was placed § 4 {1 duwn-
siream of the pump center line to prevent the formation of
surfuce vartices, Vorilmater dars vere recorded 21 varisus
operating conditions with the type 16 deaign sump. Compari.
sons of swirl angles measured with the original {(typs i)
design sump and the type 16 design sump are shown in

Plates 13-15. The comparisons show & large reduction in seirl

At all condgitions, especially with the higher water-surface

17
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slevations. The type l& desipgn sump, with ne trsshrack
blockage, provided satisfactory hydraul{r perforsance fcr all
anticipated flow conditions.

Ixashrack blockags

18. Subsequant teats were conducted to evalustis the hydrauiic perfor.
sance of the type 16 deaign sump with trash accusulation over various regfons
of the trashiack. A dramatic increase in surface vertices (Stage E} and swirl
at the pump intakes due to partial Wlockage (25 percent) of the trashrack was
observed. A swirl angle of 3! deg was seasured with 7% percent of the trash.
rack blocked. The blockage extended from the sidewall for & distance of
2> parzent of the width and extendsd {rom the water surfacs to the floor »f
the sump.  1f was apparent that any significant accumulstion of floating or
submerged debris on the trashrack would (ncrease the tendency for swirl and
surfsce vortices and adversely affect flow distribution enterfng the puwp
intakes
Yalieus s desigon. (E31d

12 Dus to the snticipation of significant trash In the prototype
approach chants]l and {8 adverase affect on flov entering the pusp intaker
(e3ts were conducted with an Fi5l design (Fiate 16 Inftially, the ¥oi wvas
Incated {0 pusp bay 1 (type 17 design sunp} and teated with varicus combina
tions of pusps in operatlion and at various wvater-surface elavations  The tes?
results shoved there was no awitr] (2 dep swirl angled for nermal punping
operations Texts were condacted with trash blockage over watlous tegivis of
the "rashrack  Only sinimal svivl {switl angle less than ] dog) was detecied
with trash blockages s large ax /U percent This woas & significant jmprove.
aent over the tvpe 16 design sunp, which wvas sensitive to trash hlockage
Scecasional suciace vortices {Stage CF wete dovumented without ftvash blarksge
Stage D vortices were observed with the trazhvsck blocked 2% poreent
losa sosfficisnts

20, The type 1. 16, and 17 dealgn susmpr wers simuitancously eimulated
in the three pusp bays as shown Lo Plate 17 Static prespures were measured
{n each pump bay using plezoseters located in the jusp columne and the sump
floor (Plste 17). Computations were made L1 varfous flow rates and water-
surface slevations to determine the effects of the conditions on the valusas of

the hexd 1oz coeflicient using cthe folioving equation

i3
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vhere
k = head loss coefficient
H = head loss, ft
¥V = throat velocity, fps
g =~ scceleration dus to grevity. ft/sec?

Plots of head loxs cowflicient versus Reyvnolds nusher R for warlous water-

surface slevations are presented in Plates 12 and 19  Analvals of these data

indicates that the value of the jors coefficient for the F5! desipn resmalned

constant at sbout 0 25 ¥ /2 for all canditions tested The loss conffilclents

for the type | and 16 deaigns ranged fros C 10 to O 15 V7 lover than the

value for the ¥F51 design Thexe tont results indicated that the F5! design

provided s much {sproved flow distributien and lnss swir] {n the puwp column

al the expenss of a xlight increase In head leoax

sesilen Muded

21 To further svaluats the Alton cusp and pusnp tntake designs by
ohserving vortices and seasuriog flov disiribution in the pusp coluan, a

1.3-scale sodel was constructed, which simuiated a single pusp bay and puzp

ftrntake. The size of the 1| 10.scale model was not sufficient o permit
acasurement of flow distribution {n the pasp colum

22. Tests to dovusent vortex charscterfsticvs wore initially condurted

on the type 17 design sump. The (vpe J7 design susp Included an F51 and {»

shown {n Plates 16 and 20, Surfsce vortloss forsed in a teglon just upstivean

af the FSI, as shown in Plate 20 The resultas 8! vinual olaervalions are

presonted in Plate 21, which givey wortex strenglh ax a tunctlion of water-

surfece e¢levation and discharge. analysls of theee dits showa unacceptable

vorten formation during anticipated punping conditions
{Figure ) vas considered unscrsptable.

A Stage C voriex

23, Two modifications (cype L& and 19 design suaps) to the Cype 17
Gosign wery tasted in an attewpt to eliminais the unacceptable vortices. The
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type 18 design involved Placing & wall across the puar bay and around the
south of tho FSI (Plate 22). 1his wodification si{minated circulation behind
the pump column and reduced the tendsncy for surfuce vortices. Visual obper.
vations were sade on the type 18 design for va fous water-surface elovations
and discharges. Plate 23 showve the rosults of thewse observatfons  The

type 18 design reduced the tendency for vortices: however, undesirable var-
tices occurred under *xpected pusping canditions for walnt nurface elevations
sbove 405.0 and diacharges above %4 cfa.  The Unsccepr le vortex forma:jon
upatream of the type 18 desipn ¢liminated this desipgy from any further
tenting .

2. The type 19 dexign (Flate 70} {nvalved lowering the upstrean
closure gats from an inftial elevation of 40/ o 1o a4 final olevation ¢f 403 o
to attenuate surface vortices This modl{ication cauand the lower portion of
the gate (o be submerged st all cperaling ronditions  The aurface turbulence
produced by the submerped gate resulted o 4 reduction {(n vortex forsmation
lovwering the Este upatream of the ¥S1 did not increase the avirl (n the posms
intake an {t did with the vertical suc’ .n fntake  The results of the visual
chxervations for the t¥pe 19 denign eve given in Plate 7o There vere no
regions of unsatisfactory hydraulis periarmance of the type 19 design abuve
the ain{mun Operating water-xurface elevation of 405 U for the range of
expected discharge

25 Velocity patterns seasured in the type 19 dezign are shown in
Plate 25, The head loss caused by the breast vall is also shovn in Plate %

. The type 17, 18, apd i¢ feaigne vere tested with 4 2% percent
blockage of the trashrack urds s the same conditions as all Previcus tesls
The blockage extended [rom the sidewsll for a distance of 2% percent of the
bay width and extended from the vater surface te the floor el the susp Fiow
concentrations wers produced by the blockage. which increased vaftexn {orma
tion. The results of the ®odul teris are prosented in Pletes 2638 Un
acceptable vortex formations vccurred undar normal pusping condiffons foi all
FSI designs with 2% percent of the trashrack blocked

27. A dats collection ByRten was wet up to evaluaste the velocity
distribution in the pusp coluan of the type 19 destgn ot the approxismate
Iocation of tha pusp lapellar. A profile and cross rection of the type 19
desipn is shown in Plate 29. The lower edge of the pump impeller would be
located at the 4.1y, constriction of the pusp coluwwn {Sextion A-A).  Copper
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tubes (1/8-in. ID) vere installed with their tips at Section A-A to measure
the total pressure at 23 various points in the pusp colusn as shown in
Plate 29 and Photo 1. Four plezometers were located around the periphery of
ths pump column (Plate 29) to measure the sverage static pressure at this
location. The four piezomstars were placed above the plane of the impact
tubes (Plats 29) to reduce the effects of the localized low-pressurs zone
caused by the constriction in the pusp colusn  An adjustment factor was
sxtablished to correct for the differences {n head loss, velocity head, and
slevation betvesn the i{mpact tulies and piezoneters  The head differential was
moasured using 25 fndividual electronic differential pressure cells The
cells vurs conmected to & computerized data acquisition system capable of
collecting data for chosen lengths of time and sanpling at various rates A
velocity wax computed from the moasuied head differential and then noreaiired
by dividing the seasured velocity by the theoretical aversge velocity of the
cross section A deviation of 10 pesrcent ar greater in the ratic of the
Average messured velocity at a point to the average computed velocity i ihe
cross kection was consfdered unacceptable A sampling 7+te of 100 sanpiss pet
fecond was used during a4 teat pericd of 60 sxec for all modv]l tests

28 Velocity ratlo conlour plots wvere gade for model tosta conducied
with the type 17 and 19 designe and are presented In Plates 30 and 31,
respectively The contour 1ines on these plots represent eqgual average veloo
ity ratfos. The plots were sads using average velovily ratios, since thia s
the criterfon used to deternine acceéptable hydraulic performance A rontour
plot for the type 19 design intakes with 7% percent (rashrack blockage i
shown in Flate 32, These results do not tndicate any significvant changes in
the velocity distributions dus to the trash blockage The contour plots in
Plates 30.32 show the aversge velocity ratio to be within 10 percent of unity,
which {s cons{dered te be scceptable

29, Type 17 and 18 designs were unsatinfactory with or without trash.
rack blockage due to the presence of surface vortices in the puxp bhay  The
typs 19 design provided satisfactory hydraullc perforsance for all anticipsted
flow conditions, provided surface vortices are not gensrated by a partially
oched ivashrack.
Yercical. auction intake

30. Tests were conducted in a 1:):scale model of the type 16 design
suap to document stages of surface vortex development and flow distribution in

2
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the pump intake and to enable a comparisen of hydraulic performance betveen
vertical suction intake (type 16 design sump, Plats 12) and an ¥S1 (typs 19
denign sump, Plate 16).

3. The results of vortex observations are presented {n Flate 33, which
shows surfscs vortex stags as & function of water-surface elevation Plate 3}
indicates satisfactory performance (no Stage C vortices) for valer-surface
elevations as lov an the sinimun enticipated.

32 The type 16 dexign wax tested with 2% parcent blockage of the
trashrack. The blockage extended from the sidewall for & distance of 2% per -
cont of the bay width and extended froa the waler surface 1o the {ioor of the
suap.  The blockege concentrated the appruach flow, which incressed the circu.
lation in the punp bay and the strength (atage) of the vortex formafiuns
{Piate }lad,

13 Results of teste to define tiow diatsibution o the type 16 design
with and without trashrack blockage are presented as vontour limes o equal
velority ratios in Plates 3% and 36 rogpectively A roaparison of Flates 33
and 17 with Plates 35 and 36 indloates that the flow ta beilor distributes in

the puep column with the F3}

Eogonpergied Desipn

Yo Tast vresults from the general and section models indicate that {iea
a surface vortex standpolnt, the type 16 dosipn tsuction bell intake) is
equivalent to the type 19 design (F31; However, fiom the ztandpoint of awirl
and flow distribution {n the pump intake, with and without trash blockage. the
type 1% was supsrior  Based on hydraulic peiformance documented f{fom tie
#odel tests, the type !9 design 1Plates 16 apd 203 was recommended fup the

Alton Puapiug Station

22
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FART IV: DISCUSSION AND CONCLUSIONS

35. In the ganeral model, the 400-ft-lcng traperoidal approach channe!
provided satisfactory flow distriburion to the sump. Initial tests indicatad
that the sccesa ports in the interfor divider valls should bs clossd to reduce

the aswirl angle of [lov entering the pusp intakes. Even with the sccess ports
closed, the reduced swirl was connidered to be excessive,

36, Modifications to reduce awir] included removing breast wall and

sidevall contractions, streamlining flow by adding & 2.0-fc-vadius quadrant
vall to the lover edge of the breast wall, locating fillets In the corners of

the pumy Ly, and focating s aplitter vall beteath the pusp bell  Removal of

the breast wall did significantly tedure the avit! to an accoptable degroee

Howevor, Yemoval of the breast wall was nnt considored a foasible aclution

since the clonure gate is wupportied by the breast wall Tests were conducted

o dezarwine {f the breast wall could be raleed 1o & highe: elevation 1o

sinfsize the amcunt of swirl &0 the pusp intakes  Satiafaclory hydrasulic

perforsance relative (o swirl wvaz obtasined with the breast wall safaed & 0 ¢

ta ol AT 0 However., rafsing the hresst wall above the minlmus susp eleva-

tion of 40% 0 elisinated the surface turbulencs generated by the breast wall,

which was effective {n suppressing the forpation of surfare voriices  The

tendency for surface vortives was reduced o an acceptable level by Installing

2

a vortex suppressor bean in wrach pusp bay tiype b desigs)

37 When the type 16 design was sablected to partial trashrack block:

age. a drasatic increase in surface vortices and sv' 1 in the pusp intake wvax
observed.

3B, To alleviste the adverse hydraulic conditinns caused by trashrack

blockage, a formed suction intake {(¥S$1) wa. inveatigated Only minimal swiz!
was detected with trashrack bleckage a3 large a3 7Y percent  Undesivable sug-
face vortices vere ohserved with the trashisack Blocked 2% percent

39, Tesxts conducted Lo compate the haad losx through the vertical and
formed suction {ntakes indicated that the loss coelficienia tanged frux
0.10 to 0.15 V,/2g higher {u the Fil

distribution and less swizl at the sxpente of ¢ slight inrreare in head loss

The ¥F5] provided a msuch laproved flow

4. Tests us

caTvducied in s seciiun wedel {ons pusp bay) primarily to

investigate flow distribution in the pusp colusn. The geters] msodel was not

designed for measuremont of flow distribution {0 the pusp volusn, Test
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results indicated that the type 19 FSI privided satisfactory flov distribution
vith any anticipated flow Zondition, even with 25 percent of the trashrack
blocked.

41. Additional tests were conducted in the section wodel to evalu te
flow conditions with & vertical suction incake (type 16 design) and to coapare
hydraulic performance cbiained with the Fil (type 19 design). Test results
from the general and section sodels indicate that the type 16 and 19 desigos
were similar from & surface vortex standpoint, From the stendpoint of svirl
and flow distribution in the pump Intake the type 19 dosign was superior

Based on test results, the typa 19 design vas recomsended,
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