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13. ASfTACT (ContlrsW)

A formd suction intalce (PSI) vas also iflVostIi4) tn the fItvam iodol.
Test results Indicated that %vlrl In the pump Intake v~s n*tbsfactor-y with rho
PSI even when the traeshrack vat partially blockvtd,

Tests were corbwted in a section, medl pdaartily to tnw.oettgato flow
distribution In the pump coluan *Wx to coapara h~drsulic pet tovmance of tho
vertical sucelon and foroed suction Intakms, nlow di ttt,, ,but~o .,i n the Vs1
vas satisfacry even with 25 ?etcent of the tritthrAck Wlckte4 The vortlc41
suction and termed suction intaketi vor. slwll~r fro* As surface vortox etmAn4
poInt; hov'er, the, P$I v&s superior bs~osd on ovi~ 1 and *lonr 1Utrilbuton in
rhe pump intake.
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PREFACE

Th. model irwestig'ateir r*rrtsd herein was auchorized by the o i

quarters. US Armey Corp. of EnteaaiQUSACE), an 12 October 1984 at that

request of the US Army ngineer Dtwtr -t, St. Louis. The atudies wotA can.

&ucted by peonneml of th, Hydrauics tAbOttOry. US Army Engineer Wateways

Ixperieent Station 04S), duringS Che p.Aod Octtober 1994 to tioveebor 1987

under die directoo of finer., F, A, HerrvAnn. Jr ,u Chof the UydrAtsltcu

isbar~cory, and R. A. Ss;*r. Aeu4stttt Asirf' of the* Hydrallcs tAbscrtry. And

unde~r the tgtneraZ .up'urviwlon aftn~' C A VtckcPr~ng. Oilof of Oiu

Hydraulic Strvctuzno ?ivistcun (I4SV$, Ibde~c .nrtt.And Nl POfl

Ch1iff of th* Spillways arid Ch1*nswls1 Riranch ('C)Pl~)Vtn.Oegt Wt-nOnctr fo

the miodel study were foier,7 L. xZlkptrF - and hl 11 Fetdier, au*tetd by

Maznrs. A E Fkryant and 31 tuckar. Jr , all of iDt 7"Ze ir-odl Va# con

sZtucted 1hv MV U 1,4100t% of -,ue EniinictzI rig 4nJ u, Coi uvktloo Svrvicp a

Divisi, it, vL.Thsrpot vritton hr ?--ftbt KVri1p4r irk

suit fdt te hra Xrtf aiio t I _I lohttoFv t-i~t f

C ron in., atd 411arne 5 o lPr Vt tsI t. lttrtiC. the .4 C VAAt I~ tAv L c ,Vnt., d

Anud tArry Cook. LS Arrr Entgineer DI'VIlon. Slj4vt 1;ttlp Valley. tilt Tkch

KlIn-x #I . l*&USACE, v Is It ed WES t o dIsPr ut%* the rp~f %a of -txode It tn and nPv v

lue aodel It op-erat ton

CGonanler and Oirecoar of WES during prprrinof t0iA repott vaI

COLI LArrv V. Fulton, f2# Technical Oitctar ut 'or t, trPT t' V ~ i

/e" 0 pat

0~~ Acees Ui
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CONYKESIOP FACTOS. P0K-2I TO SI (KM~IC)
UNITS or KEASIUUI

Noui-SI units of osasuresot used in this report tan he converted to St

(mtric) Witte a.folltms

acres 4.437 quare metres

cubic foot 0.025)1&55 cubic metros

degrees (angle) O 0I7&S)29 rsaan

feet 0)3045 me0tros

inches 25 4sllm re



ARMtl Pf!USATION- ALMO - A MS

PART I, IHTOLX)CTIQN

1, The proposot Alron hawptng Stet on will ho lcatofd in Nadleon

County, Ill11inois jus*t 0o4th of (tit city of Altont, 411. an~d AdjacOnt, tO the

Kelvin ?tic* (Lock and DW. 76 (teplacewent)) pnjc'ct (Elttitan I and 2) The

ii4siting flootfcooflrol stearjrea In the tegl1tw conilti' of uQvorai drafnage

ditches nd a pimping saat in with a Inamplitng c4p4(a t of 1l5 <I.-

SA 23Q-4crtt ;annn area it lucatad to thv north of the Propo4Aed

psnK&tst!1rfn {Eigurp I' Thi tt -rr wU t4- ;sd If, Ntit e Pfe'pafO Ar4 U"tt

tlaw-s WVr su~Antltl esXcee'4 the cApsctte Of the4 piisp- r~ atnt !Ott and e"4: E

pcrio4d* wtvvi the ares canost be dralrted by travity A :valni dr.4Snafo chAai':

runS through thv enrtire length of the por4 l- area (Yigure 2 fMV V.ln

chm;inl oplits slbrnn 568 ft uplareaa Pf the Pp'z~ill, xArion toe Allowac~tz

conveyance of gravity and puspod flovt (Fksr i The. drti46-#e chAnntl

leading to rho Ppping station has a bcfthtto'- Width and 44Id1t inope5 o!

I V Or 4 H The* capacity of the chan-net 1- 261I -,fr. a depth of * t and V,4 t4

Vuolocltv of 2 1 fps The dinchArr.- fr** thir pisrp1ig ttatlon- sod thegtavl

flow channel will be collected it) Aceto dincharge rhntzboe The ch1,aaze:

viii pereit gravity flow Into two Pz141t1nor (Al-in ciulvertx, vtthh painth'nq

the lev#e anid discharge Into an nxttig comtreter pad lacated onl !be

Mlississippi River. A steel lining will be plocw4 It-10de tho tWQi--C%1- cvrta.

ta ensure their structural t"otrity TMahe in 1 ng Viil reduceV tin' isido

diameter of the c~ulverts to * 4 Ini .a-it ;)Iou A totAl !iov {'npamrltv of M)cft

with no zailvartor.

3. Th# drainage area Is an urhavrviro regirin tith *ost of tho dverlop

sent outs!le of the floodplain llnvever. ooera) larg- lndtj*ttie, arslite

A table of factors for conivertin(g non'-S? intits of meaauvetrS to S1
(metric) units is found on page 1.
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FiueI Foa* upItt0t0tfo

draiage reavillconistr of ?rpo e patapito tet iontvtvnpo ra4

oy th. Alonskrsjacth (106 uai andO idr~ vdXIOter il eXtnIV 4anSV . th a -1t

st*adth~ of floo dt, Th wtarxgufaeevt In thilho pEl podtn aresou

vaies ofro the . triaocato458 aodn *lnaoutialatii hoe 415 0, wo cause sua

efantr oad dames. in the dra"60 g Ovarean ote majrit Vf low *tIn th*

operbleto an mpowr~ent elevation of 472 0;~v ravity flow channetl'Wl

be operted to a &ate closing ia~oundmwnt elevatioti of 4Q4AI Pumwpingf opera-

tions viii begin at a inima lmj*OndaWnt eiwpr~tiOh 9? 406.0

All elevation. (*I) cttd herein are in feet referred to the National
Geodetic Vertical Ilatwa (NCV).



4, The proposed 223-cfs Alton Pumping Station vill consist of three

Individual pump bays and three vertical lift pumps (Place 1) with a design

discharge of 74.4 eta per pump and a maximum discharge of 112.0 eta per pump,

Each pump bay will be equipped with a mechanically cleaned crashrack to remove

any large debris entering the stattion. A concrete broeat vail will be coup-

structed across the width of each bay to provide a support for * closuir, sate

to be used for dewacering purpos. bualkhead slots ar. also provided in the

bAy wails to allow fOr emergency Closure Of the pWp bay In cse Of ~A~t

S. Originally, the modol stuody va* coodiicted to evaluate the flow

characteritics of the approach channol. pump hays, aod vertical pump intake.

and to develop codification* that would Improve the hydraulc performanc, of

the structure. Additional teats wors. conduted ott as [crsod suctioni Intakv

(III) design to compare the hydraulc porforsance vt the two dc:1gns



6, The anorsl meoel (Frigure 4) was conotructed to an undistorted

linear scale ratio of l,*lO, The **&It reproduced a 400,fc lengtth of the

approach channel and the tree pugp bays and pump Intokes. The upstream

curved section of the approach channel was molded of pea gravel to sheet m*(al

teltes*. The dowstream trapeoidlal section of the approach channel wax

constructed of awrin. plywood. The suapp end pump intakes wore ctonstructed of

Pleigasto permit obsorn*tion of flov patterns% within the *uep- Ira*s rob%

vera, used to asslato zhe trrshrack io each raw bay,

1. Individual centrifugsl flow pumps vere used to recirculate the flow

throutS each pump intake and to permit operation of various pup cebinativnx

Dligital paddle# wheel type flovmters were used to measure #1l discharge*.

flotorlzed4 buttefly valves were used to set a givens discharge through oach

pump. An elettragpetic typo Velocity zeter wa's used to measure all Vvtlsoc1

ties in the model. Confetti and dye were used to obsorve surface and sub-

surfaes flow pttz1s In the wo4#l

C. The 1:3.scsi. section mnodel consfsted of a single pump bay deslgned

to pe .ait testing of various pump hay an lintake 4esips. The approach char-

nel was not reproduced; therefore, approach flows Into the pump bay were t

simulated, The section modal facility is shown In Plat* 7. The pump intak'

and rumV bay aide and rear vail# were constructed of transparen-t plastic to

permit observation of flow.

9. The method of *oration and die *qtstpm4wnt (poop*, flowoeerr.

valves, vortimeters, and velocity meters) uaed in the raction m0ol were

essentially the same as aicribed for the general model.

iwAi Ior h~poe

10. Techniques ie for -ov'" sof ,S hydraulic, perfrormne includod

the followins:



IN

P18:r0 4 Approach channel
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*. Current patterns In the approach channel were determined by means
of dye injected into the water and confetti sprinkled on the water
surface, Vatr-surtac elevations were measured with staff and
point pge. Velocities In the approach chanel and pump bays wre

measured with pitot tubes and electro.

STAGE 0 - NO VORTEX magnetic velocity probes.
.. Visual observation* were made to

-_ detect surface and/or submerged vor-
tices. A design that persits a
State C surface vortex or submerged
vortex with a viible air core it
considered unacceptable. Stagpt of
surface vortex 4evtlopmont are shown

STAGE A tn Figure S A typical te*t con-
-T - Alsted of documenting. for a given

cflo n iort4iion. the most severe vor-
tvx that occurred tn a 5-min (eodl
time) period.

s w Sirl arngle was masured to indicate
the strength of swirl entoerin" the
pump intake. A swirl angle that ez-
n*ed. 3 leg is consldered unaccept.

STAGE B able, Swirl in the ptuP coluxn vWas
ndicsted by a vortimet r (free*-

VhirulinA propeit: with zero pitch
blade.) located Inside the
column (Photo 1). Swirl ttigle is do,

fined as the ratio of the blade speed
V# at the tip of the vortiater
blade to the a*vrog veloctty V.

STAGE C for the cross section of the pumpcolumai. The owirl angle # i. co*-

STAGE 0

figure r. Sthigeso i surface

vortex development, FSI

it

a, e x ,. iul r ] m $m~ m j £ ta n i 4 n)u



I weirl aan1.. dos

V,-tangntia velocity at the tip of the vortleeter
61.4., fp.

-O eorogo pump Column aial velocity4 (pa
4d apup column dIameter (used for blade length). ft
ni revolution Per second of the vorzimeter
Q apump discharge, efe

A a toee-eecziotwl trot of the pump coiumn. t'
t esurofent of velocty distributton e"d flow st44bilt it, the

pump Intake (oection model) io discun.4d In psragreph 2

It The modal scsi.. for thea gener*l sld the sectiop odeh1 ver*
computed to provide a Reynolds nmber greeter thatn I x~ 10, which I& u1he latter
limit of turtulepnt flow so Clcvlste-d by the foliowing oquation

I - Reynolds nme

V - average velacity in pump suction column. fp;
fl - inside diameter of pump auction column, ft

P-kinemastic viscosity of fld, tO/*#c

A Reynolds number of this magnitude will unure that ncale offvtt* ttup to
viscous fores will be mlimic,. The accetpted *qi**tlotoe of hydraulic Olaili,
tuds, based upon Frotudiaon critera 4 were used to express. the mthnsatiral
relations borvoen the dtmenslon. and hydraulic quantities* of the modols aod
prototype. The generial relations *xpressed in tenso* ofi tb. tener*l woda end
section model scales or length ratios t, are presented in the following
tabulation.'

12



~Scale Relaions

tLngth 1:10 13
Are* A, 14 1'l00 :9

Velocity V a 14" 1"3 16 11 73

Discharg a I:1*73 1:15 60

Time T, - 14" 1:1.16 1:1 73
Volam Va . 14 1I1000 1 21

1 13
I ljt

I
-? ++ -



PART III- TESTS AND RESULTS

12, The 4QO-ftlong trapeoodal chawnl provided an excellent approach

geometry as indicated4 by the surface flow patterns in Mhotos .4, bottom

veiociriea in the approach are also shown to Plates 1-5. With on*, or two

ptaps operating, a, slight flow ocetaonwas ioted As, flow passed around

Ort pier nwoe of the Mde pump bay Plate 6 shows a plan and profil, of the

flow Pafters In the supp with 4*tsigle outside puap hA*y In Oorationl

Various suMp designs

13. In the original (typff 1) deskign %%stp th0 swirl *ritfic nre~ra&d as%

the vatsr striate Increased to *I 41 S 0 The Increase In swirl in the piA~p

Intake% was attributed to the strontg lateral flow that occurred throtsfh th*

access ports In the interior divider *als Thu access4 ports are 4 0 ft vtdn

and hav* an Invert elevation of 413 0 (Plato ) Tho a4,terai flow through

these one#nings produced flow cocnrtosthat aeplifird the existing

asymetrical Inflow conditions to th* pus-P lintaolki and creatrd the,1eti0

swiri Te-sts conducted with the accezx ports4 cloted inicated that theacci

ports Should be closed to rvduce swirl at Vtter-turtace elevations athO -e

411,0, Even with the *s-se "rot closed. the reducred swirl vas still cm),

sidered to he ecessive -and furtlher onp eodiflcatlions wet, required

14. Since flow in the approach channel was fairly wvvnly distr~izotd,

odel tests were condtucted to detrraln hitch to*pvznent. of the piwp hay

geometry were contributing to the excenlxv2 sirl Three nMIlrcation* worc

*ado to the pump bays during this %#tip* pt testsit Initially, thse browst Wal11

end sidewall contraction* (Plate '?> were reovod to text flov itSn an al

struted pump bay (type 2 design step) Thu sidewall contrartlons Vet.

replaced without 0#. breast vail (type I design #stp). Yinslly. the breasgt

Wall was replaced without the sidewall Contractionu (type 4 design sump?, rho

following conclusion were drawn fro* the analysis of these tests.

a.The swirl at tb# pump Intake was practically eliminated with
the type 2 design Sump (4UnobstrUCted PUMP bay); thereore, the
aeparattn of flow arourA the plor onse (Plate S) had an
inslgntficsnt effect on swirl at the pumop intakes,

ii 14



The aidenil contractions (Plate 7) produced a s.a. amount of
swirl, atl

~.The breast wall (?late 7) caused a major portion of the attain
siva swirl, but removal of the breast well VAN not cotimldered a
feasible solution since the closure gate (Plato 7) is supported
by the breast wall.

I5. Several additional swap inodittcatiotts were tested using various

flow stabilizing schemes. $an# of the moditications yielded satisfactory

results for all cosbInationa of pumse operating and wster-svrface elevations.

A 2.0.ft-radlus quadrant vail was added to the lower upstroam odg* of the

breas' -til to for* the type i design suamp (Plate 8) The quadrant wall

reduced rh, separation of flew tree the lower ed&e of the breast wall Atid

provided a greater firs, area with reduced velocitIes bUwaoth tho wall

Vortitecr data Indicat#d this design was ineffective Inw elft int 01V

unstable flow and zeei sirl. Fillets were* placed in the cornc'rs of the

ptsp bay in the type 6 desIgn #%ap (Plate 9). The purposs of the ilitt* vau

to elimntet the Stagnant tones Ii the corners of the pump bay Aslntc t

decrees* in tetmter of vnrttmerer rotatiojns was noted at a vater-aurfsc.

elevation of 415.0. l#qi-.ver. th. ambountt of swirl betas.. exce~wtv with as

vscor-surfsce elevationt of 4101). A split trr wall pt~ced beneath tho ptwp)

bell in addition to the corner fillets (type 7 desirg-n stamp, Plata' 10) dild ro

improv, the hydraulic perforsemee. The breast wall and sidvwall aractitot;

wer, moved 6 70 ft upstream of their origirnal potition in the typv 8 4n1tifn

suamp (Plate 11), The typ A design s#Amp provided a greater lcrngth of channtfl

downstream of the breast wail for the diatipatlon of unstablo flaw codiltions

ftover, this arrangeast did not itpron# the stamp ps'rtoria

16. Since the removal ot the hreasn wail I" thet provlcnn amtyl tvet*

had reduced the amount of swirl at the puxp intaks,. a satticA of tests ve

conducted to determine If the breast wall could be raised to A highor vlava

tion to minimize the amount of swirl at the pump intav~s# tears wait Codur

ad with the lover edge of the breast wail raise to itltations of 404,0,

405.5, 407.5, 409.5 end 41210 (type 9.13 design *maps) pust rOsults thowdJ A

reduction In swirl for all breast wall elevatioto ot 107A5 or greater

(typ 16Y- ' Aactn teal A breast walil elevation of 406.0 (type 14 densg

stump) vas reconeonded, but the US Army Kngineer District. St, Louts. ewtprea*ed

concera wor structural prablems that might be encountere#$ with th. breast wall M,

at this elevation. A requst was made for teats to oveluceo a breast wall a'.



surh~ce rurbillnce created as flow passes under the vail. The surface rurbu.

thtv peap intakes (Figure 5), Observacions of flows with thuo type 15 lvlt

sump at the sinimum vateresurface elevation confirsod the presenc. of StAta 0

surfae vortices (Flg'Are 6). A vortex suppressor beau placo4l at A strcetic

Pigure 6. Scage P vortex~

location in the, pump bay can create *ncsr$ surface turbulence to ollainvAte tho

formation of these vortices. A #*via* of r~ods1 teats wvtv conducted to

determine tha propi r b.1ofnt ra position of tho ,,rtox suppressor beau. flw

najoricy of the beas teAceG produced instability In the flow, which caused
ezeesive swirl, These test result. Indicated that * O-fthigh wao placed



Ftgure 7. Tpe 16 dosIg Su sp

2.4 ft contras of the pump canter linea (tyrpe 16 design stwp, rigur. " did

not contribut* to the swirl AMd prevented *urface vortiz* tronger than

Stag. A tFiziure 5).

I). The type* l6 designsmp is shown In Miat# 12 Thp foiloviq5

changes were mad* to the original deaign stemp:

A. The openings In cbs I-nterior div~der viii, voro closed to
prevent lateral nlow between adJacent bAys

iThe W~at vail vas raised to in elevationt of 40(P0 to rvduc.
the amount of swirl at the piawp intaks

~.A O.5-fthlgh Vortex suppresor w i weoVa pieced 2 4 ft dttwn.
stream of the pip ceniter line to prevenit the formaton of

Oorating conditions with rho typ 16 desijgn siep. Coepari-
acne of swirl angles mactir*d with th. original (type 1)
desgo sump and the typo 16 design ouspp are shown InA
Plato# 13-15. The coepartsots shows a large reducti~st in swirl
at All conditions, especially with rOf higher varer-aurfacs



elevations. The type 16i dom. cuap. with no trabrack
blockage, provided satisfactory hydraulic per forsant for all
anticipated (low conditions.

Trabrack blockaige

10. Subsequent toate were conducted to evalvAte the hydrAulic pert or'

4 ance of the type 16 4euipn susp with trash accueulotlon )vor various reions

of the trAthuAck, A dramatic increase In surface vortices (Stage K) and swirl

at the pimp intakos due to partial bloc-kage (25 p~rcent) of rhse trrahrack, was

observed A swirl angle of 341 deg was moeaured with 25 peorcent of the trash

rack blocked. The blockAp oxtornded fro, the* sidevall for * di11tance of

25 p~rtent of the width and extenided from the water surface to the floor 11

the auwp- It was apparent that any sigtiificant accutulstlon of floatit or

subiserged debris on the irsa*brack would increaseo the tendencwy tot iwirl and

surfac, vortices And adversely affrt flow distribution cuttr n tho ptnap

19 Dueo to the ant icipat ion of significant trash in thp prototype

approach chanvol ansd its adverse affect on fIQvw entrring the puap it.-taket

tests wore condgqcred with an Flu drsign (Plot# 16; Inittasy. thy. f"! vaz

loctedV in pum~p bay I (tr-p# 17 design! &ap aMd testedj with VAjiousl rOtbflus

tions of pmps It, OorAtion and at various vAtera*Urface eleOvat1ong The4k tVei

results shoved thre was no wvirl (0 dpjgswirl 4ntlr) for lvrtxi pJaapifl.

operations Tests were conducted with ttash bio4ap' OVQ' V4Ot5tti 4l of

the 'rasitrach Only minimtal swirl (&virl an~glf less than I elo.) vas dottecied

with trash blockages as large as 1'1 percont Th1il vat a slgnlflcant Irpra'C,

sent over th. type 16 design xuiep, whIch va,. Lr-nslivru to trasih hblackp-

Occasional surface Vortices (Stag. C1 Veto dact&*rntedl withot tt-Amh hlnCckqge

Stage 0 vorticas veto observtd with Ome tranhrack bloae kd '%pvecnet

20. Th. type 1, 16, and 17 design smtwp were li*n~u~ iuae

in the three puep basys as shorn in Plate 11 Static pressures were ine.,urpd

In each ptap bay using piezoater 19ocated in hOw rump coluxtis mn4 the sp

floor (Plate 11). Computations wore sad, fat variou* flow rtle and water.

surface elevation. to determine, the effects of the conditions oni the valupik of

ewesr ivw*&&aCVi#t Using EOW KtL$OVitig eqtu1 i
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where

k head loss coeficient

M- head loss, ft

V-throat velocity. fps

g-acceleration du# to gravity. tt/sec-

Plao of head loss Coefficient Voroux Reynoldu3 nurI1, 1 for varlima water'-

surface elvatlons are presented in Plate. is and 19 Ana I Y I of t hote d 14a

Indicates that the value of (ho ions cqt'Itititttt for tho PSI iouirn remasined

constant at about 0 71, V;124 for all crmndttlonw Ivteete The los% Coofftlcti'

for the type I and 16 tfltsa tanged (roe 0 10 to 0 15 V*/7R lover than the

value for the "IS des1Fgn Theso text retuilt Irldicated that tho N 4O!g~l

provided a arb iaprovwd flow dlttrihuthsn and 1ian swirl In ther ptmp (7Q~unf

at the expense of a slighit incronee In headIo

21 To furtber evaluate tho Aitun tuuep andc ptmqp !!ntako design.* tt

observing Vortices aml ineasurlng flow dIt~ribut ion in the puemp rolua-t. a

1.3.'scal. sodel vas constructed, 4tlch istuatcd a uslore pum hy and puzp

intake. The size of the I Oa. model war not sufficient to perwlt

asurient of flows distribution in tht p-.mp colum

22. Tests to docusjont vortox chnrrtsristics werr initiajl conducted

on the type 17 design sump Tho type 11 Orisn tua-p included on "sI atid I

shown in Flares 16 and 20. Svrtsc vrr#e formed in a tegjin Jtzft upstream

of the VSI. as shown% in Plsto 70 T'h# rosults of vistual olvosrvatlao are

presented In Piano 21, whichl giVOt Vorrn* strongth 0* a ittnctio of Vater"

surface elevation, and divehorge. tAnslygsv of those ds~tA mhosuacpal

vortu formation during anticitene4 punvpln; asnIiors A Stago C vortox

iMiure 5)i was coriskered unacceptable.

23. Two motiicattons (type It end 19 dnlgn swaps) to the type 1?

design wonu tested in an attempt; to eliminato the unAcceptable vortices The

k1



type 1 de'Sgn involvee Placing a Wall acrOSE the pua"r bay and around the
MOuth Of thO FSI (Plate 22). This modificistion *liimtnured circulation behindthe pump column and reduced the tendeocy for sur~msc. vorrfcrva. Visual obser.varlons were made on the type IS design for vn tous weter-surface elevations
and discharges. Plate 23 shavo Cho result, of thee observation* Thetype IS design reduced the tendency for vorticsa; twsver, u=4es1ra51e vor,Ce,# occurred under expeted pumeping condilioj, for vatmr.urfac, elevation%
above 40$ 0 anid dtschargso abuve 94 eta. The unAcreprs*blip vortex Ior"tion
upstream of the type 14 design ehlainatc4 this desitgt from any further
testing.

24, The type 19 design M(Plt M0 Inoovo lowerino the up~trenf
closure gate from a n iti al elevat ion of 4W, 0 to ait tll elevation 0' 403to attenate *auffacc vortices nil# modli"cat ion caused the lovr portion ofvfthe sate, to be subMerged At all operatlng condition% The aurfAce turbulence
produced by the aubeerged gate resultea 'N 4 redjcrzo:; In vortex formation
I.overing the gate upstrean of the rsI did not inc~rease the swirl in tt,, puapmIntake as It did with the vertical msc' ,n intake Tlhe retsults of the Yltup]observations for thev type ;9 desIgn *-v tlvcn In Nlate 24 There woe 11oregions of unsatisfactory hxdraulic- p~r*'*rmtanCe Of the type 19 des*ign *bovp
the mfin operating vatrruurrac. e!evAtion% of. 405 0 for the rangeo 4L.
expected discharge

2$ Veloc-ity pattern, ussured In the typo 19 deiln are 0, awrn in
Plate 25, The head loss caused by the breaht va11I 1lso thorn- in Plate

26. The type 17, 18, and 19 desit-is were tested vith- a 25 percent
blockag, of the trashrack undeZ the *Amme Co*)ditlons as All -provlous teT4
The blockage extended from the *hievall for a distasnce of 25 percent of ebay width end extnded tram the water starter. to the floor 04, the *SuP 1 Tjov
concentrations vere produced by the blockage. which incrwse4o votte torte
clon. The results of the model t*Ust are preve~nted In PlAtes 16 2S 111acceptable vortex lorafliv, tctrre4 under normal puapf, condiltion, f: all1
P'SI designs with 25 Percent of the trashrack b'lock~td

27. A data colloction systo* was set up to evaluate# the velocity
diacruibutson In the pump column of the type 19 design at the asntroxtar
location of tho pump Impeller, A profile; end croi section of th., type 19deslgn is shown In Plate M9 The lower edge of the pump IMPeller would beloc~ated ot the 24-1n. cohsrricrbon of the pump column (Section A-A). Copper



tub** (i/S-in. ID) were installed with their tips at Section A-A to measure

he total pressure at 25 various points in tho ptwp column as hown in

Plate 29 end Photo 1. Pour pizooeters were located around the periphery of

the pump column (Plate 29) to measure the average static pressure at this

location. The tour ptesomters weore placed above the plane of the impact

tubes (Plat* 29) to reduce the effects of the localized lowpresture rone

caused by the constriction In the pump column An adjustment factor was

established to correct for the differences in head lost, velocity hed, and

elevation betwen the Impact tubes and pietometers The head differential was

measured using 25 individual electronic differentiil pressure cells 1th

cells were connected to a ccsputerized data acquisition system capable of

collecting date for chosen lengths of rit nd *apling at vAriouw rates A

velocity was computed fros the soastned head dltIfrntial and then norwAllred

by dividing the measured velocity by the theorettcl 4vrage velocity of the

cross section A deviation of 10 percent or gretel in the r to of the

Average mea ured velocity at A poilnt to the average coaputed velocity In timt

cross section was considered unaetable A spli.4 rilt of 100 sl pleu Pt

second was used during a cest period of 6(0 tsC for all 04TaI tests

25 Velocity ratio contour plot: were sad. for model tests conduactrd

with the type 11 and 19 desIgns and are prstnttd in Plate, 30 and 3.

respectively The contour line* oti thee plots represent cqwal average vl4-C

ity ratio,. The plots were ade using averager velo ity ratio%, pinc* this Is

the criterion used to determine accfptable hydraulic perform nce A cr"Jntvur

plot for the type 19 design intakes with 7? pvrcont al.lrarck blockage Is

shown in Plate 32, These result* do not ind!rcate any signitflrAnt cha*nge in

the velocity distributions doe to the trash blockage The contour plots In

Plates 30-32 show the average velocity ratio to be within 10 p#rcent of unity.

which is considered to be acceptable

29. Type 17 and 18 deitgns were unsatiflatory with or without trash'

rack blockage due to the presence of surface vortices In the ptmp bsy The

type 19 design provided satisfactory hydraulic perfos*ance for all anticipated

flow cooditions, provided #urf ac. vortices *re wt generated by a partially

VeLLcal siuctin lntake

30. Teats were conducted in a l:scale model of the type 16 design

sump to document $tages of surface vortex development, and flow distribution in

iN il n llllll JlJ I • I I 21



the pump intake and to enable a coeparleon of hydraulic performance between a
vertical suction intake (type 16 design suamp, Plate 12) and an ES! (typo 19

design sump, Plate 16).

31. The results of vortex observattons ate presented in Plate 33, vhic~h
shows surface vortax istage as ai function of veter'surfsc. elevation Plate ii
indicates satisfactory perfor*Ance (no State C vortices) for v~ter-surtacq

elevation, as low a. th. minimum anticipatedi.

32 The tyj e 16 design was tested witti 2'tz porcenit blockage of the

trambrack. The block*%e extended from the *idewall for A distanc, of Z) per

cent of he hay width and etended fro* the vatpa gjrface to the flo-or of the
suamp. 'Me blockage, concentra~ted the appn..ch flow, which i ncread the ritcua

Istin in the pump bal and thev *tretigtth (staro) of thip vortoz formAt loti

(Plate 34).

13 IOt*t of !V414 tp dofinr tflow dtthdnIn the* typo lb, detl'Iu;

with sod vithetar trawhrack hlockafc or* pre*-rran4 as canItotsr linvit of eit.'al

velority ratios In Plate* 3$ AnM 36, revpvctively A - cpariton of Plate?& )l
and 12 with PlAtes 3$ anid 16s ind!, irs 10;4t th- flov .bte dint rf"ut IT,

the , pup column with the FSI

3 loTst result" fro's the- gtrterai and '.vc t "tai odelltli; ta

a surface vOrteX stan-.dpoingt, th~e type 1 ~~ ~chthWl~,n ~
eqtsiv~lent to the type* 19 dcsign (ESI) Howvvetr. f1-om this &tAt.-Potnt AI~v~

and flow dlstribution in the ptusp lwiake, with 41nd withQXut 1:44h hia(44Cia theO

type 19 was Suprior 9R4&d o hydraulic p4':.fstzntws& 4ocimwwt4!tt fir h*1-

mol tests, the typv 19 dexign tPlatex 14 #ad wai ra om"o*nded fur, th-

Alton Pumpinig St-ation

2?



PART IV: OISCUSSIOI AND COWCWUSXOS

3$. In the pmetal moel, the 400-ft'log trapaxoidal approach channel

provided satisfactory flow 41stribution to the suep. Initial tests indicatad

that the access sierra In the Interior divider walls should be closed to redueo

the swirl a"to of tlov entering the pump ifetakes. tven with th, acesso ports

closed, the reduced swirl was considered to be exesstve.

34. floiflcati'nss to reduce swirl Included remsoving breast wall and

sidewall contractiorn, stroeinlint flow by adding a ?.Q-ftradis quadrant

vail to the lower edge of the breast waill. locating fillets in thes cornevrs of

the ptr-j' *tsy, and locating a *pli1tr vail hueiatti 00e pump 4oll SemVal* at

the bro*%t vail did s1lpificanitiw teduce th. vi to xan acceptable dogre

Howver.1 rOMOVal Of thf brfAst veil vaU t' conqi1dorrd is feasible solution

icethe closure gate is sjupported by tho breast Wall Tesit, vere 4cont4uctcd

Lno de:eruirie If the brea4st vail could bv rais*(i to a hlivso elevation tv

mtinimiz#e 1w amont Of sWirl It the puAMP intakes $ati.(actory hydrsulic

peormance relativi to *wirl vat obtained with the breast vail raised 4 0 it

to *1 44-0 However, raising the brentt vail above the slin. itusp OltvA'-

tion of400elmntdtesfaetrlec nrsdbytebes Vi.

-4hich vat effective in *4ppressint. the fnraativ lof at srfarr Vortivvx The#

tendenicy for Surface Vortices VAN reduced t* an- 4ccptable level by Invtalinog

a vortex *uppressor beam In each p.usp bay ttypt It-e; 6n

37 When the type 1b de.Ipn vat.%& ete to partial trashfrack block'

age, * dramsatic increase in surface vortlcvs And ov':1 In the pump In-taike Wax

observe*d.

38 To sileviat# the aerehydraulic coniton cmnd by trArthrac4

blockage, a formed suction intake '"I) wa; uetytn Only aitnla44a %wdill

was detected with traubrAck blackAgv at lArgv a4 ' prtlccnr --dowirsi ah*4r,0z

fact vortices Vero observed With thqx trashsack blockckd 't prc0cent

19. Tests conducted to compat. the, howl lousth.ug thre vortical and4

formed sution initakest indicated that tho lovs coliI itt anfgpd (to-*

0.10 to 0,15 Vt/2g hiher in. tho Vtfl 'nip Y$ povd a rschI' improved flow

distribution and less swirl at the expense of :slight inronox in heasd logo

4An I--#- Unra4 cir- u tod ill a Sac-iion indi o000 pump flay) primarily to

Investigat, flow diecrlbutitn In t-he pump cohetm. The goios m0ol wis. not

designed for mteasurement of flow distrtbu tIon It-v the jpump coiuet,. Tett

2J3



results tidicated that the type 19 PSI przwiuied satisfactory (low distribution

with any aticipated tioe ccondltton. even with 25 percent of the trashrack

blocked.

41. Additional tests were conduoce I the se ction model to evalu to

flow conditon with a vertiCal suction intalie (type 16 design) end to compare
hydraulic performne obtained with the PSI (type 19 deelgn). Test reisults

from the *eral and section mpols indica~te that the type l6 and 19 designs
ners stelar from a surface vortex standpoInt. frau the, standpoint of swirl

an flow distribution In the pump intake, the type 19 de6sn was superior

Se#t on test results, the type 19 desogn was roeonended.

244
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