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PREFACE

The model investi~ at ion reported here in was author ized by the

O f f i c e , Chief of Engineers , on h g ~lay 19 75, at ~he rrque;’t of th e 11.

Army Engineer District , Memphis.

The study wan conducted dur in~ the period May to November 1975 inS 
the Hydraulics Laboratory of the U. S. Army Engineer Waterways Experiment

St
S
ation ( WEB ) under the direction of Messrs . H. B . Simmon s, Chief of the

Hydraulics Laboratory , and J. L. Grace, J r . ,  Chi ef of the Struc ture s
S Divis ion , and under the direc t supervision of Mr. J. P. Bohan , past

Chie f of the Spihiways and Channels Branch , and Mr. N. B. Oswalt , pres-

ent Chief of the Spihiways and Channels Branch. The engineer in immedi-

ate charge of the model was Mr. B. P. Fletcher , assisted by Messrs.S F. L. Hebron , B. Beard , H. Price , and B. Perkins . This report war.

prepared by Messrs. Fletcher and Grace. S
I

S During the course of the model investipation , Messrs. C. E. Thomas ,

H. E. Wardlaw , J. M. Pendergrass , and G. C. Miller of the Memphis

Distr ict , and L. Cook , J. McCormick , J. Harz III, I. Behr , W . Hill,
D. Armstrong, and H. Walker of the Lower Mississippi Valley Division

and J. Bobertson of the Office , Chie f of Engineers , visited WEB to

discuss the program of model tests , observe the model in operat ion , and
correlate test results with design studies. S

- 
Directors of WES during the conduct of the study and the prepa-

ration and publication of the report were COL 0. H. Hilt , CE , and

COL J. L. Cannon , CE. Technical Director was Mr. F. P. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

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

converted to metric (SI ) units as follows :

Multiply By To Obtain

inches 0.02514 meters

feet 0.308 meters

miles (U. S. statute) 1.609 kilometers

square feet 0.093 square meters

cubic feet 0.028 cubic meters

gallons (U. S. liquid ) 0.0038 cubic meters

pounds (force) per
square inch 6.8914 kilopascals

feet per second 0.305 meters per second

cubic feet per second 0.028 cubic meters per second
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F LOW CONDITIONS AT PUMPING STATION S

CAIR O, ILLINOIS

Hydraulic Model Investigation

PART I: INTRODUCTIOG

The Prototype

1. Two pumping stations are proposed for construction , one at

10th Street and one at 28th Street , in the city of’ Cairo , Ill ino is , on S

the Ohio River (Figure 1). Each station will hove five pumps and a

total pumping capacity of 65 cfs .* The two stat ions will have almost
identical geometries . The general location , profile, plans , and details

of the 10th Street station are presented in Platen 1 and 2. The corn—

S bined pum ping capac ity of th e two propo sed stat ions will be approxi-

mately equal to the combined capacities of the three exintinr stations

at 38th, 28th, and 10th Streets (Figure 1). The three existing stations

will be abandoned. The outlets will be designed to pump flows when the

sta ge of the Ohio River exceeds el 28.** The 22nd Street Pwnpin;- Sta-

tion that discharges into the Mississippi River (Figure 1) will remain

operable for emergency use.

2. The proposed pumping stations will be of the wet—pit (sump )

type and employ vert ical shaft , mixed—flow—type pumps to discharge corn—

bined storm and sanitary sewerage . Each pump intake will be isolated
by divider walls and a 3— by 3—ft gated opening . The pumps will dis—

charge into an elevated chamber that will provide gravity flow through

a pipe to the river . Flap valves will be provided on the pump discharge 
S

lines to prevent backflow .

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 3.

** All elevations (el) cited herein are in feet referenced to mean
sea level.

- — S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~S~~~~~~~~’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



3. Sr;d r th; 5 recommended plan of the pollution ;Lot5n; nt . project ,

oil tt l ir; t fluTh” flow will be pumped to a new rtoa; -e lapoor;. The

loCoon will be ie ; io g v.1 for a ho lding  capac i ty of 7, 000 ,000 1oil S
(935,~ u~ cu it). Approximately it hr will be required to fill the ha—

foon , i t ’ empty , when pun;ping at a rate of 65 ci’s. A f t e r  the first flush , S

pur r i zi
~ or Cravity Iischarge  will be permitted directly to the Ohio

Riv er.

Purpose of Model Study

It . The model study was conducted to evaluate the characteristico

of inflow to the original sump and to develop modifications required for

improving the distribution of flow to the pump intakes . S

5
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PART II : THE MODEL

I i i ,  00

The ~;o j ol  t t he  Ca ir o  Por t i nr~ Stations woo cons t ruc ted  to a

linear scale ~~ 1 :b . The r e i d  w e ;  f o tr i c a t e d  of t ransparent

j l i . ;t i c  t z t i  i~ oJ ;Th 20 ‘h th qS~~~ rU ;tch  condui t , the t rash  rack cham— S

bex ’ , our . ; : So r~.. i S t ,  , ~‘t’ av i ty  poo:a e , oated  openingt: , pump sump , and pur i

ir ;t tk e 5; ( F  I r n a r y  2 t ro t  late  2 )  . F low throw~h each in take  woo provided

by i r S ~ iv idu a l  .;u c t , l  on pur l :; w h i ch  l e r O l  t t cd  s imula t ion  of various flow

r ot e ;  t hr ou -h our or more pumps . 
S

(a yot er  o.;ed in the on e ro t i o t .  5 5 the r; o Iel was stored and re—

evoled  in a head .-box ;ir ::i disc }; tr er W i ’ ,. ‘ r e o .;ar e i  by turbine flow meters .

Wat er  sur face eleva tiono were in0000r r  i5~~ . ;t a f f  1-a1-eo and electronic

out’ta ~ e d c  te ;te cc. Velocit ~ec w re r ; .Ca .;u ;’ eO w i t h  a pi tot t a te  and a

turbine current r I ot e r .  Current patterns were  Slet e rm in e d  by dye l eoted

into the  wa r or  ‘i~~i confetti sprinklel on t h e  w a t e r  ou rf ace .  Pressure

f~~ O C t O r t t i D 0 J  at the  pucnt: in t ak e ; were measure~ ho 0. ~— i .— ii;~r , elec—

t r o n ic  eer ;sure cells f luJ ;l  w i th  th: floor if the  .:uir ; i i r e S;tl{ below 
S

the vertical center h u e  of the  r U m ;  CrD1LUOO .

Tnterpretritioru of ~o kel Peoult .;

1. Accept ed  e~ u .t i o ns  r F Ly lr’~ul~ c d u n  a Ic , t iced ut eri Froulian S

c r i t e r i a , were used to express the mati erritical I’ I J O t I Of lS  between the

d i s to r t : ;  i~~n.; a n t  hydraulic  q u a n ti . . I es of t }c mo . i e l  o r .  r r ’ ot oty t u . no

general relation.; expres:;e1 in t ern ;c o r  the model scale or length ra t io ,

L , or e r r e : ;en t T h  in  the followine t ’t h u t o t i ,n :r

ij i r n en c i or t  Ratio ~~~5~~S 5 L l 5 S S  
________

.
5 Length L

Area A = L
2 

1:16

Velocity = 1:2

S (Continued)
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S
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S 5 5 5

S Dimension Ratio Scale Relation

5/2 1:32
Discharge 

~r 
L

Time T
r 

L~~
’2 1:2

Pr essur e P = L 1:14
r r S

Fr equency f’r = l/L~~
2 1:0.5

Measurements of dischar ge, water surface elevat ions , head s, veloci ties ,

and pressur e can be t ransferred quantitatively from the model to proto-

type equivalents by these scale relat ions .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ .~~~ . 
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A lL III: Sli TS A21~ RESULT S

dri~~i;ia j O , ;.

8. :i s ;i , l. ot ’ ~ o r igina l  i e : ; i g r ;  ic’ i5rcocr t c i  in P l at e  2 ; O t

Figu i c 3. W ith al I p umps  o p er ’;j t  I rug w i t h i n  the i n  i ;r uo . ;~. ;C ; t 1 S j S S : 5 r~

(el .~~~o Q )  the  m i x  1500 . own e levat ion  (~~l 351u ), t I ny  exitir: ‘ L e

c r : L n i t  u . ’; ; ; ; I r u e d  c on c e r ut r ; t t . to I in t h e  c e n t e r ’  u~ The T ( 5 1 t  L ~~.. As t 5 h 8

:utre;’ ’; j  Fet rct ’tected ~ff the tr’ori. ;VY ;’ : w~ 1l in h ; :  ;‘. : cnr  , ciii e.5 :

developed or; each s i lo  of’ th e  foretay (Photo:; L— r 5 ) . Surface

are l ol l  cated  by car; f’et.ti o i l  all t I ~1otocr al i c  woi c .~~~ t O  Wi ’. 11 0

S (rrotot~-rc ) ti re exposure. Lateral eorrc;;t . In ‘.tie. ’: ode 10 . 5• S S CU

;io rinol to the O t O t i l I l ~~O arud enera ted  adver ce  c i r~’ents ~~ u . ; cuber r OOS T

S bay:’. 1, 2, 14 , and 5. (The joo~~c and c u i r j  t a y c  ‘1cc O L O . 1 O T’O i S1’OY’. Ici’.

00 IndiCated in Plate i. ) Dye injectec to oilc an of or,:: c.oe of

toe oUr;up in take :’.  indicated that adverse current;’. were circolat ~~~~

oletely around the back of the intake inc th;it clamant a;’eo:’ e e o c .  n o r  ii

as -hewn in tlate 3. Approach velocities in the ou’.rp L;iyO ’i ;’ e cLown 1;.

Plate It . Confetti and dye injected on the sur face in the vioir.it :: of

the pump intakes indicated a tendency for air—entraining V I ’ . i nn  : .

vapor cavity was observed directly below each pump intake (ltu ~ t 7).

Circulation of flow observed inside the intake is in d i c a ted by d:.e in

: l O U r e  14 .

9. A :;eries of p iezorneters  were instal led L l u r o u - i ,  t h e  f J c  r’ of

to ow; .; di r e c t l y  below pump intake 1. The piezor .eter: :  l~1 l l C O L C  a

zone of unstable pressures about 10 in .  in d i ;t r r e t e n ’  ( i ;r ’o to t r ’v e )  i i r a : o L I ;

~5clo~ the in t a k e .  The piezomelers  did not r eopon i f’;:o t i t i  i d :  ~~

ore the pe’;k pressure f luc tua t ions, arid e l ec t ron i c  ;‘ e:T : ; i t” ;  cell.~~w c r
installed on the  floor of the sum p d i rec t ly  b e low ;“ t n t :  t O O l

S ‘ (t l  gure 5 ) .  The pressure f luctuat ions  were ‘.‘eoor ied on ;g s t r i ;— ; d : ; ’,r ’

recorder , and the magni tude  of the r:uinimur ’. 01 151 m r ix in ; u o  :‘l u c t ; i ’ ;t  ion:

neacur e l wi th  various :;wnp water  sur face e leva t ions  are l ist e d  in

Table 1. The f r e ; : ; u r ’ (  f luc tua t ions  occur red  at a random t r c l : i cn te ~
- fo r

all :~r t t i c i r r r i t e 1  cond i t i ons .  Whether opera t ing  a :;inr l e  pur r ’ or all

8
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pumps , the rne acurenn ; rn t of’  n te i ’ . ; i t ive  pressur e ’o and re lat  ively I ar ’ ’e I r e : ; —

:; ui’c l’luctuat ions l’ ’Ot ’loe’t ’ ’ i  the  adverse euri’r ’nih ; and t I r e  un :;t’ rl  i r ~ flaw

cot ia  it ions observed in t h e pr~ r~ lsg/:; aret intakes.

A l t , ’ ;’;: t ,e Designs

10. Sr ’v i ’r” ;l b a r ’ :’le des i ‘ild we ;”: i n v 5 . ;t i ’atcd t i develop one bl at

would un i l ’o r ” i l ,’ d i s t r i h u t  W’ ;b ’ O ’  t ;  the  001 intakes. The model jnii —
S 

outed that a .‘.na 11 Va ;  I ‘. ion  in b O S~ 
S~; u;’r’ent pattern in the torch’ ;,’ would S

s i - r u i f ’ i c ’ u n t l y  ; r t ’ i ’;c t  cur r n ’ . e l  n”’.;sor e.; ;t I ru;ic’hin :’ I hu e h u r l  i nt ’ ;k ec .

S The t y p e  1 ia f :’le (~~i ‘ t t n  5, i t ;  P )  Wa .: effective In providin ’ good

t’J,ow S S I I  . t ; ’  1 at 1.r j I ; : the :5;wr; in n’ : t o ’  I t i ; ’ t he I r eo cu r o  f l u c t u a t i o n; : ;  at

t I e  1 LU ; :I i n t a k e : ’ .  wi :r:r; ; I I S I 1 5 5  ‘~~~~~5 :  ; i t ~~I . ; . , (Table 1, Photo .  5—l ’~)

h i :wer’ ;r , only OS : ‘ . l i T ht  iro n ’ ‘.“.; . ‘ “ . ‘. v .  :‘:rvcr d with sin’le—turr r

.011 .

11. ~ i .e ro w of ~~ f t — t  f l 1 S ~ t ( h i t  e 2 b at ’f le ;  ) woo inot’t i led as

shown i n  l a t e  r ,  to ;;.oro ‘‘‘.1” ’: ’ I’,a’ii’ .;; n”.id th e let its it error -ed ‘. rc;;

the conduit. The overall ei’’.’ n ’ ;r ’n :ce  if  the  :;w;.r woo i r;;r ’.’nved by t i c

baffles; however , they did not l n’o duce  su f f i c i e n t  r e s iot a n c e  to ;ud~~—

quately reread the :uhmc’.’ :e i j e t .  i u’e, ’.:;u ;’e f l un t u a t i  coo i clew the  I us,r

Intakes are indicated in Table 1.

12. The t yr e  3 baffle design consisted of two rows of h — f t — i l ’h

baffles ac shown in Plate 7. The two rows of baffles were effective in

spreadInc the lower portion of the jet as it exited the inflow con loft;

howev er , the upper portion of the jet passed unimpeded over the t opo

(el 297.5) of the baffles at the minimum sump elevation of 299.0.

13. The baffles were increased in height to el 299.5 ( t y p e  it

S ba ffles , Plate 8 ) ,  and they provided sufficient resistance to a5iequ’~ite1y

spread the jet with all ant ic ipated sump elevations . With all ur;n:

operating , f low in th e pump bays was evenly d istr ibuted as it op r r cu a c he i

and entered the pump intakes. W i t h  individual pumps opera t ing ,  une ven
S 

flow distribut ion in the approach and around the per i~ h;en’y of the t’Ufl:~

intake was observed in pum p bay s 1 and 5. Thi s is re flect ed by the

pressure fluctuations in Table 1. The adverse flow condition.’. in the

9

~ 

‘~~~~~~~~~~~ 

~~i~~
T’ 

~~~~~~~~~~~~~~~~~~~ 
S~~~~~~~~~~ S ._ ~~~~~~~~ T T  1



-- 
‘ ‘~~~~‘ ‘ —‘- -‘- 

~~
-.,-‘_

~
‘- — -

~~ 
-.

-~~ S 5 S~~~~~

pump bays and at the pump intakes were caused by the instability and
reparation of’ flow at the entrances to the pump bays .

114. The baffle: w ere removed and semic ircular pier noses (type 1)
were installed ;;t the entrances to the bays (Plate 9) to reduce the flow
sel r i I ’ ;t t i o ru  and provide a more stable inflow to the pump bays. With

single pump operation , uniform flow was observed in all pump bays . With

all pumps operating, advers e flow distr ibution was observed in pump
bays 2, 3, arid I t .  This was attributed to the unstable , concentrated,
submerged let entering the forebay , and , again , indicated the need for
baffles to spread the t’low as it entered the forebay . The type 5

bat’flec (Flat’: lu) were added but did not provide sufficient resistance
S 

to a le h u r i t e l y  s~ ’~’e;±d the flow when all pumps were operating. The t~rpe 14
u i n le~ wor e  reinstalled with type 1 pier noses and flow was well din—

tri~~ut ei in the Ln,.. However , unstable flow was observed as flow

en t e red  th e a r t  1 ;iy: around t h e  too :; of the  p i e r  noses . ThIS was

‘:lh’.iri’u teu tiy e x ten d i ng  the t o ps  of the p i e r’  noses 2 ft above the to ss

of’ t he  entrances to t b u e  pump hays. ( type 2 pier nose , Plate 11, Fioure 7).

Recommended Design

15. After evaluating the various designs , it was decided that the
S
. 

t e s t  hydraulic performance was provided by the type It baffles and the
2 pier nose (Plate 11, Figure 6). The recommended design elimi-

nated tendencies for air—entraining vortexes , provided unif orm approach

flow to all pump bays with a minimum of turbulence , and produced good
diot.r ibution of flow entering the pump intakes for any single pump or
any combination of pumps operating with all anticipated surnp elevations .

u : i t h  all pumps operating , investigation of currents and, water surface

~‘lev’ ;t ions downstream from the inflow conduit at the first row of

b’if ’ t’les. indicated a maximum velocity of 2.2 fps and a 0.1—ft head

differential across the front row of baffles. Various flows in the

forebay are illustrated in Photos 114—25. Approach velocities in the

t a r p bays are shown in Plate 12. Stagnant areas in the rear corners of S

t h e  pum p hay:; were el iminated . Dye injected near the bottom of the

10

¼ 

S . 5~~~~~~~~~~5 S 

- 

~~~ S~ ~~~~~~~~~~~~~~~~ 
.‘ ~~~. ‘ ‘ ‘ S 

~~~



r ~~~~~~~~~~~~ ~~~~~~~~~~~

‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

pump bay indicated uniform flow into the pump intake (Figur e 7). Pro-

files of flows approaching the No. 1 pump intake are presented in Fig-

ure 8. The relatively low pressure fluctuations shown in Table 1

reflect the satisfactory hydraulic performance obtained with the recom-

mended design . Tests conducted with and without the gate slots in the

pier noses and access ladders in the pump bays indicated that these
appurtenances should not adversely affect the distribution of flow

S approaching the pump intakes.
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PART IV :  D T :’ .CU SSION

The model j 0 j j 0 ; j t C S 1 the  need for c e r t a i n  m i n o r  modifications

S to inspn ovt flow chia r ’ c t er i s t i c s  in the fore ’bay and ensure s a t is fa c tor y

flow characteristics and pressures in the vicinity of the pump in takes .  
S

The major hydraulic problems encountered were generated by the concen-

trated , submerged jet entering and passing through the forebay . The

concentrated jet en re r g i r l ; ’  from the approach conduit into the forebay

produced adver se currents an d tur bulence in the v ic in i ty of the poop

intakes. Satisfactory approach flows were obtained by providing C—ft—

high baffles in the forebay and rounded r i e r  noses at the entrances to

the individual pump bays. The baffle : were effective in dispersing the

jet entering the forebay and the rounded pier noses eliminated the

instability and separation of flow at the entrances to the pump bays.

The improved flow di stribut ion elimi nat ed the vapor cavity and certain

potential for cavitation damage in the pump intakes. The recommended

design provided satisfactory flow performance with all combinations of

pump operation and anticipated sump elevations . Pressure cells located

on the floor of the sump directly below the center line of each b OO S

intake reflected the improved flow conditions by indicating a reduction

in maximum pressure fluctuations from about 32 ft of water with the

original design to only approximately 5 ft of water with the recommended

desi;-n.
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UTable 1

Pres. ; ’.ui ’e F luc tu ;it .  ion  at Pump Intake (l3—cfs Di;’chiari’e per Pump)

Presr;ure Fluctuat iont I e ,  of 
~~~~~~~~~ ~~Sunup Pumps Pump 

— 
2 psi

Design El Running  No. Max ~l in Max Mm
O r ig i n a l  299.0 1 1 +14 —13.6 +1.7

2 2 +14 — 5 . 14 +1.7 —2.3

3 3 +14 —0.”.? +1.7 —0 . 14

24 14 +14 ~12.1, +1.7 —5 .3

5 5 + 14 —19.1 +1.7 —8.2

299.0 All 1 +14 —28.2 +1.7 —12.1

S 2 +14 —114.8 +1.7 — 6 . 1 4

3 +14 —14.2 +1.7 -‘1.8

14 +14 —17.3 +1.7 —7 .14

5 +14 —23.6 +1.7 —10.1

S 
3014.0 All 1 +9 + 14 .7 +3 .9 +2.3

2 +9 - 14.6 +3.9 —1.9

3 +9 +3 .3 +3.9 + i . I t
14 +9 + 1.6 +3 .9 +0.7

5 +9 + 1.6 + 3 , 9  +0.7

S Type l
baffle 299.0 1 1 +14 — 14 . 9  +1.7 —2.1

2 2 + 14 -10 . 3 +1.7 _14.It

3 3 +14 — ü .~ + 1.7 —0 . 1
14 14 +14 -8.3 + 1.7 -3.6

5 5 5 ÷24 —12.6 +1.7 —~5 . i t  S

299.0 All 1 +14 -11.6 +1.7 -5.0

2 +14 —14 .2 +1.7 —1.8

3 +14 — 5 . 0  + 1.7 — 2 . 2
14 +14 —8. 14 +1.7 — 3 . 6

5 + 14 -3.9 + 1.7 — 1.6

(Continued)
(Sheet 1 of 14)
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Table 1 (Continued)

Pres sure Fluctuat ion
No. of 

f H 0Sunu p Pumps Pump 
— 

2 Psi
Desi gn El Running No. Max Mm Max M m

Type 2 
S

baffle 299.0 1 1 +14 —10.14 +l.~ — 14 .5
2 2 +14 — 14.1 ~1.7 —1.8

3 3 +14 +Q •7  + 1.7 +0 . 3
14 It ÷ 14 -2 .6 +1. 7 -1.1

5 5 +14 —15.3 +1.7 — 6 . 6

299.0 All 1 +1~ -12 .6 +1.7 -5. 14
2 +14 —10.3 +1.7 — 14 . 14

3 +14 —24.2 +1.7 —1.8

S ‘I It +14 —18.2 +1.7 — 7 . 9

5 +14 — 14 . 3 +1.7 —1. 9
Type 3

baffle 29).0 1 1 +14 —10.14 +1.7 — 14 .5
2 2 +14 +0.3 +1.7 +0.1

3 3 +14 —0.1  +1.7 ~0.1 
S

14 ÷24 —14.2 +1.7 —1.8

5 5 +14 —11.6 +1.7 — 5 .0

299.0 All 1 +14 —1.14 +1.7 —2.3

2 +14 +0.9 +1.7 ÷0.14
3 +14 — 2 . 6  + 1.7 — 1.1
14 +14 — 14 .~ ÷1.7 —1.8

S H ÷14 -7.0 +1.7 -3.0

Type 14
baffle 299.0 1 1 +14 —9.7  +1.7 —14.2

2 2 +14 —14.1 +1.7 —1 .8

• 3 3 +14 -2.6 +1.7 -1.1

14 It +14 —2.6 +1.7 —1.1

5 5 +14 -11.6 +1.7 -5.0

(Continued)
S (Sheet 2 of I t )
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S Table 1 (Continued)

Pressure Fluctuation
No. of 

ft—H 0
Sump Pumps Pump 2 

— 
Psi

Design El Running No. Max Mm Max Mm

Type 24 299.0 All 1 +24 — o .24 +1.7 +0.2

(Cont’d) 
2 +4 —0 .3 +1.7 —0.1

3 +4 —0. 9  +1.7 —0. 4
It +14 —1.7 +1. 7 —0.7

5 +4 -1.5 +1.7 -0.7 
‘

S 

Type l
pier 299.0 1 1 +14 +1.9 +1.7 +0.8
nose 2 2 +4 +0.3 +1.7 +0.1

3 3 +4 +2.4 +1.7 +1.0
14 4 +14 +0.7 +1.7 +0 .3

5 5 +14 +0. 3 +1.7 +0.1

S 
299.0 All 1 +4 +1.8 +1.7 +0,5

S 2 +4 —6. 5  +1.7 — 2.8
S 3 +4 -6.6 +1.7 -2.8

4 +4 — 2 . 2  +1.7 — 1.2

5 +24 +1.2 +1.7 +0.5

Type 5
baffle 299.0 All 1 +4 — 5. 4  +1.7 — 2 . 4
and 

2 +4 6.5 +1.7 -2.8
S type l

pier 3 +4 +0.7 +1.7 +0.3
nose 4 +4 —0. 9  + 1.7 0. 4

5 +It — 4 . 3 +1.7 — 1.8

Type 14
baffle 299.0 1 1 +4 —1.0 +1.7 — 0 . 5
and 2 2 +It -1.0 +1.7 — 0 . 5type 1
pier 3 3 +24 +1.5 +1.7 +0.6
nose 4 4 +4 +1.5 +1.7 +0.6

5 5 +14 — o .6 +1.7 —0.2

(Continued)
(Sheet 3 of 14)
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S 
Table 1 (Concluded)

Pre ssure Fluctuat ionNo. of
Pumps Pum p ft—H

2
0 

______________
Design El Running No. Max Mm Max I1in

Type 14 299.0 All 1 +14 —1.8 +1.1 — 0 . 5
baf f le
and 2 +14 1.6 +1.7 0.4

S type 1 3 ~~~ +1.5 +1.7 ÷o.6
pier S

nose It +4 — 2 . 2  + 1.7 —1.2
S (Cont ’d) 5 +4 +o ,3 +1. 7 +0.1

Type 4 299.0 1 1 +14 —0.3 +1.7 -0.1
baff le  2 2 +4 +0.3 +1.7 +0,1
and
type 2 3 3 ÷It +0.7 +1.7 +0.3

S 
pier 4 4 ~24 +0.7 +1.7 +0.3
nose
(recoin— 5 5 +4 +1.2 +1.7 +0.5
mended
design) 299.0 All 1 +It +1.0 +1.7 +0.5

2 +4 —0.3 +1.7 —0.1

3 +It 0 +1.7 -0.1

It +4 o +l.7 —0.1

5 +4 +0.3 +1.7 +0. 1

304 All 1 +9 +6. 1 +3 .9 ÷2 .6
2 +9 +5.9 +3 .9 +2 .5
3 +9 +5 .8 +3 .9 +2. 5
4 +9 +6.0 +3 .9 +2. 5
5 +9 +6.0 +3.9 +2.5

302 All 1 +7 +4 .0  +3.0 +1.7

2 +7 +4,1 +3.0 +J.8

3 +7 +4 .o  +3 .0 +1.7

• 4 +7 +3 .9 +3. 0 +1.7

5 +7 +3 .8 +3 .0 +1.6

(Sheet It of I t )
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