
RESEARCH AND DEVELOPMENT PROGRESS REPORT NO. 205 * SEPTEMBER 1966

ResearchON
PumpingUnitStudies

FinalEvaluationReport
By Bweau of l?eclomationr Office of Chief EngineeG Cados

G. Bates, Pro@ct Engineer, for the Office of Saline Water;

Frank C. Di Luzio, Director; Everett N. Sieder, Chief Distillation

Division; Paw! G. Tomalin,

UNITED STATES DEPARTMENT OF THE INTERIOR

Kenneth Holum, Assiskmi

Development

Proiect Engineer

m Stewart L. LJdall, Secretary

Secretary for Water and Power



FOR EWARD

This is the two hundred ancl fifth of a series of reports designed

to present accounts of progress in saline water conversion with

the expectation that the excha.ngc of such data will contribute to

the long-range development of economical processes applicable

to lmrge-scal(?, low-cost dcmineralization of scz or other salin~

water.

Except Ior minor cditingl the data herein are as contained in

a report made to the Office 01 Saline Water by the LJnitecl

States i3ureau of’ Reclamation under Agreement No. 14-01-000-

544. Neither the Dcpartrnent of the Interior nor any person

acting on behalf of the 13epartment2 makes any warranty or

presentation with respect to the accuracy, completeness, or

usc:fuln(+ss 01 the information contained in this rcpurt, or

that the usc of any information or process equipment dis-

closed in this report may not infrin~e privately owned rightso



Crcattid in 1849, the Department of the Int6rior - Americals

Department of Natural Resources - is concerned with the

management~ conservation, aid development oi the Nationls

watbr, wildlife, mineralj forest , and park and recreational

resources. It also has major responsibilities for Indian

and ‘territorial affairs.

As the Nation]s principal conservation agency, the Department

of the Interior works to assure that nonrenewable resources

a.rti developed and used wisely, that park and recreational

resources are conserved for the future, and that renewable

resources make their full contribution to the pro~ressj

prosperity, and security of the United States -- now and in

the future.
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con~tmction CJfdesaimtion plants of 50-nmMc9n-g&umqer-
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in which Q is the
hormqmwzr required

Even so, a Pro@.ler-tyPe @t cannot be

Pm?T of a-w fipecific Speei:

II is the headj HI? is the
of me pump*

used efficiently for high

Imads and a centrifugal type ia not the most efficient for low heads.
Graph Nom 1 IB an experience curve of head versus ,speciZicspeed of
pumps tnm~ by the Bureau of Reclination. The maximum specific
speed pemn%%ted for these stud$esp Ns = 69JQ00/H”63 is also shown on
the m.rfe. Pump speeds selected f’rcmthi~ curve would result in
impeller settfng~ 5 feet below free water surface mibj ected *Q one

atmosphere 02? presmR at mm level accoxding to 13ydrawMc Xns%ttute
EWndards * It is well.known that H the Cn@xxIlel’does not M.mit
speed~ the ~mtietmer~ will tend to offer equipment with W&r
speed than that which may be most. .df%eient. The higher sped equip-

ment would be smsUer and wouLd give the mam,xfactureran advantage
in the bidding. EL@ter spe&h3 require more net
had, N’PsH.

m%iH is dethed as -WE”suction head dun? vapor

hpem?r h’ik’tm c@mL*im
the head md eff’iefency to

take place cm the imp51kr

positive suction

pressure at the
with less than mill”
f- Off ad destruc-
W3des .
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Layout dimensions for pump and electric motor driver.

Performance curves.

Setting with respect to free fluid surface.

Cost d pumping unit for three alternate pump materfals$
Of WhiCh w’M to be $e~ected by the Contrutor.

Costs pht%ti on L3g-lw paper to aKLow in%eqxiWtion.

Manufacturer’s recommendation of materials for the specified
service.

TIM contracts prcwlded that 25 copies of a final repart be f’urnishelt
1 copy to be repralueible by a photographic process.

One contractor furnished the mininnnndab required. TWO f’urnishel
more aatu than H@-. The smount of data furnished is believed
to be mmnemn.rra+m with the dollar value of the contract~.



!L%mp.
ri$e

c1

0.50

& SW. atzms.

press. psia)

haG ieen changed frcm 9.5 to UL.h psia.
of the previous change of temperature

motor drivers> consider that all pumps





Selection of pump type was the responsibility d the contractors.

The $d..lowing are general “kypeB which could”have been usd j

of



SeI-viceand” -v-Emticd Ccillmn(can) pumps
TM exceptiom are relatively high-head
NPSH.

for lxrlneand product*

PJuP with high available

I-b is ilrrpcmsi’bh for a p’wm-pexpert to make the proper selection of ~
p’lnnp un.les~ M? knows a CL?the eorlditiKm13* If every condition is
put before him he can make a fairly intelligent GelectiQn basal cm
experience. A find ~elee~im should be made following an econczaic
analysis of two Cm more possibilities.

KU conditions applicable to L5 concephxil de~igns ~ould not be gfven
to the Contractmmm TWO contractors for pump Gtudies were also
engaga in conceptual designs. one WLs not; so he wan advised to
contact several conceptual designem to get an Mm of their phystcal
requlmments. Even Soj they could not anticipate the conditions the
reDMining conce@aMGL aeaigns would presents Therefore it cannot be

said that the selection of any contractor represents the optimum for
al-lconceptual designs.

At the time these contmct~ were solicited one design had been
retimed. At the time of this writingj tifxconceptual designs kve
been reTfiE?W~.

In two cases reviewed it ia a~rent that one conceptual designer

gave a manufacturer erroneous data. In another ca~e the designer
f’UIT&Shd requirements which were UlTMCef3Sarfiy difficult to meet.
Both resultckiin tqrayr Gelection ot =S. It therefore behooves
an architect-engineerto have a pump expert who can ask intelligent
questions of the manufacturer or else place the entire problem in
his bands. For the imccxnpletedab furnished for this study the con-
tractors were in agreement in two respects:

a. The large sea water pumps should be vertical cfmtrffugals.

b. The brfne @ distillate pumps requiring deep settings showld

be of a VetiiCti-dlEd?& tyye.

It h !sUr@sing ** horizontal ~ Spli%-case$ doubk swcticm pump~ were

selected by only one con_@actor for only two cases. It has the
advantage of higher speed for a given spxific s~edj balanced
hydraulic thrust, and easy access for maintenance.

8
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Emd weight--only Rdx2.-L
apparent that sane concep-

I



Shcdd. be used Un-kll -h?
better establi~hed.







KL. Reccmnem.kd Procedure for Gelectiw and I?ricim Pumps Em.dlRn-
Determinhg the Ik@reci Ssttdng



to

deeper. A-t a sactiflee in efficiency one could use a higher suction

speed pump such as Allls-ChaMers has. See GraPh No. 2$ d = 0.17
for N~ = 2~800. U at 80-percent head = 1*55 x 0.17 = 0.229 and
NHH= 0.229 x 120 = 27.5 feet. Throttling the discharge would also
reduce efficiency. See Graph No. 15. Bypassing prt of the excess
flow would require the mme setting as above. It appears that a
variable-speed drive or a variable-pitch pump is in order.

To price this pumping unit consider:

Ccms-tan-tEped pump of
stainless steel &cm

wor 17,5001qJ at 189

nickel-altinum bronze or
Graph No. 7 $l,550,@30

l-p frm Graph NO* 5 450,000

Example No. 2--Brine recirculation pump

-se a pump of the same capacity and
were required} i.e.

but
the

$2,00a,om

total head as above



This is a lot of submergence. Z% can be rhmcd by rductng the
rotitive sped with an increase in p-can-psize and price. If the
speed were reduced to 189 V, the pmrp size would be the same as
for Example lb. 1. H the pump N, were reduced to 2$350 per USBR

Cwe$ N wo’liLd “m
2335QxLj -

M5Q or 163.7 synchronous.
6~~ ‘=

( /43
NPm = )163.Tx#& . 12.954/3 ~ 50,5 feet. Note that by

\ #

reducinq speed frcm 200 to 165.7 we rduced the submergence by
~.~ fed, but we also increased- the size from @k inches to

8bx~-= 102.8 inches approximately} or an increase in price

fi~ $155J000 tO $1953000 ~0~ the PLDKPad an i~c~ea~e f~ ~Ot~r
rice from $4Tj9000 tO $k80jOOOj or a total increase in price of

!95,5@3* One would have to seriou~ly consider the values or reducing
speed and submergence versus structure costsz

16
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Number of [Inite1

Fluid

Tmnpratur. (“F)

S,uvtiOH At,mmph?ric
Fressurc

T@tal Ih+ad(ft)2

Specific Gravity

voltage

TypeMotor

Cepnc.ity, gpm~

Materialg:

Large shails nqy
k Of forged (or
fabricated)cartmo
sLeel. Portione
h to~stactwith sea
water or brine shall
be 316 Stai,less
ste?l clad 1/4IImin.
im,m Lhickuew,
SIIwllershafts
r,hnl1 be of TYF 31&
stainless steel.

January 29, 1%5 OHNIJ

Revised ~cbruary j, Lwj USHH
RevisedMarch 29, 1%)5 USBH
Revised May 18, 1965 USBH
RevisedJurm 22, 1965 USBR

SIJECIFICATTONDACA SHEET F[HiTAHG!:IJ3FHANT PUMFfi

Hrinc I+iect

2 al)d 4

Brine

93

1.5 p~ia

45

1.098

/+lGOv, 3 m, 60 CY

Mamu”acturer1s
recommeodntiou.

l~ive increasedco~t show ham! cost for mm.llerquantitieslisted.

%4ximum sFcif’icEPeed, N= = 69 MO ~I,ereH . t,ot.mlhead per EWe. ([.9,W0/H’6))
m

E?.%LwL
.?and 4

DistilledWater

8’7

m,w(l, 50,0CMI
lCO,COI

Manufacturervn
recomrendatjnn.

%rottlir,c mny tm r?quireddurkric Startuf,findrnr prcccsE cun Lrul.

32



TABJ.E 2

Number of Unit81

Fluid

Temperature(“F)

SuctionAtmospheric

Total Head (ft)2

Specific Gravity

Voltage

Type Motor

capacity,gpm3

Materials:

Larre shafts uw he

January 29, 1*5 ORNL
Revised February 3, 1%5 USBR

Revi~ed March 29, 1%5 USBR
Revised May 18, 1965 USBR
Revised Jume 22, 1965 USER

SPECIFICATIONDATA SHEET FORVTE PLANT W.R4PS

Pressure

of’

for~ed (or fabr~cated]
carbon steel. Portione
in contactwith sea water
or brine shall be 316
stainlessWeel clad
1/.4”miUimLmlthickness,
&nfiU.er

of ‘&p
steel.

shafts shall be
316 stainless

2and4

Sea Water

110

18 psia

100, 230, 400

1.013

S&a v, 3 m, Ml C@

Squirrel Ca,ge4

25,0Q0, 50,000
Ua,ooo

Steel with Typs CF-EbA
stainlesssteel
impeller and all
parts in contactwith
water 316 stainhm
steel or 316 stain-
less steel clad
1/4” minim
thickness.

BrineReclrcula’tton

2and4

Brim

%9% ~

11.4 psia

40, @$w

1.02

4umv,3Fh,60cy

Squirrel cage

63,WQ, 125,0rM
2’?W@?W

Ni-ResTst Type 2
with Monel impeller
and trim.

Ni-Resist.Type 2
with Ni-Al bronse
impeller and trim.

Manufacturer’s
recommendation.

mine Recirculation

2811d4

E&he

146

?’.4psia

40, 65

1.05

416QV, 3Fh 60GY

Squirrel Cage

47,003, 100,000

17>,000

Iii-ResistType 2
with Monel impeller
and trim

Ni-ResL?tType 2
with Ni-Al bronze
impeller and trim.

Manufacturer’s

Ni-ResistType 2 or
Type D2 where strass
dictates,Type CF-8M
stainless=teel
impellerand trim.

Manufacturer‘a
recommendation.

lGlve fncreasedcost above base cost for smaller quantitieslisted.

%Sximum qleciflcspeed, N,= v where H = total heEM5per stage. (69,m/H.1<3]
,

‘Throtkllngmay be requiredduriog startup or for process control.

4U.ce13.8 kv and synchronousover 5,0cQ horse~er.
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e No”

:mw

Law

114HF
72UF
%3HF



‘rAl;I,E 4

v. 1 A..c I B.J. I w. I A.c.
Vcclvl’o$vmll 1 II

G-I%N!W

Vccvlwvl’wl I 343W 257
Vlx VW VTw 1 1 4XQ 257

—--
~
445
395
322
295
x
705
345
272
XJ
L??
lm
505
3>5
272

7Q>..-
505
355
395
35
~
505

k?

Lll
m
240
180
3Z7

133
705
505

.Pz
240 ‘“”
lm
m
240
J!&
705
585
322

z%#-Sq

48/48
54/54
60/60
7q??.—
W!!
.4a/b$
72/?2
W60

+ “-
108108
154154
QA:

72/72

9“”””-4 42
54/54
48/m
W54

p$+

CQ/54
72/54
108/8.4
W&a-
6u/34
7uEa
lo8/84
60/54
~08/84..
fi’ma
33/24
42/33
W54

+
7 54
7fi -
108/84
6a/54
72/60

+
L08 84._

a%
72,/54

L&m
%4/72
93/78

1&25T~45
56.5 r
72J66
79.25/67.5
lo9/84

+
118 U*
179 1%
54/48
84/72
‘78/86.5

+
~ 32 -—

Con
%4/72
66/54
%/78
46.>[L
60AQ
10J76
64.75/70
99/106.5
HiY!59.._
112.5/7$
71/70
9;.5/91
9L/72
92.75@_
W13.4
.$6.5/34
60/m
10,$\72

%Z!l&., .

/
70,25 65
86.5 .83.75
113/72
66.5/63

-$-88 “?8.,.75_
45 32
60/48
51.25/46.5

63/54
78/@
87/72

‘* ,..——...
64/74
96/78
69/60

+
.% 96 ...
144 ~
54/42
78/60
lo2/84
ZJLJ2 .-

78/60
63/54
87/72

U&- ..—

K/a
63/60
%/%
l#J3u
88k
u“l/84
147/lL4
LQ/54
~84 ....-_
U&a

4ti%
88/66

+
.@ 5
n 84 ‘“’””“—-- -
14?/u.4
84/72
108/W

+!$’% “-
42/36
Es/54

VCF . Vertical Cent,ri~al,-fMbricateO
WC= Vertical centrifugal-cast
V’lW= Vertical turbine.wet.pit
VTD = Vertical trubine+frgpit
HZS . Horizontal double suction
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TAT31.E (i

Pump

Nu.
1

L

i

Flat{

Kxl
w

l,m
1.,750
7mJ-.. —
j50

1,250
2,250
2,(XYJ
6,0CC
13,(KW
L,oco
2,W0
2,500
/Jo

1,250
2,2>0
J,’150
),500

_.~
l,WLI
4,(XX
4,XKI
10,000
25,QWJ
5,>00
9,0U0
15,Om
~,~~
L6 000..,.—
35,CW
1,500
3>000
8,CWJ

–? ???
L2,CW
22,500
L(),(Xl>
15,000
27,500
~o-”
6,000
U3,ml

Horse er

T1,25U 1,2X3
1.50’2 1.XX
2;OOII 2; 2YJ

150 m
l,OWI l,2m
2,W) 2,250
2,(XXJ 2,m

uLv- –-..? .–~
12, Cm 12, mI

6C0 I,(I2C
2,000 2,250
3,5(0 3,5ca
450 @

l,m 1,250
2,(X)(J 2,;?>0
1,’/50 1,750
3,XXJ I,>(XJ
H(XI ew...

I,5W l,XC
1+,mu 4,000
4,WC 4,500
10,000 1(1,,))!1
222500 ;v,(y)()
5, m) 6,000
9, Oorl 9,000
15,000 1<),(loo
>,500 5,‘>00
15@c 1> ml

)5,000
>,mr -–-1...--..

1,500 1,5[10
J,OWJ 3,000
O,(XX 8,W0
<)~~.. (),coo
12,000 IJ,00’J
23,000 2,2,500
10,000 10,000
15,0WJ 16, Ow
2>,000 27, XX
3,000 3,000
6 ,Oco (>,(IW

18 ,(XUI M,cm

Est Mol

T

,*

19,590
2fl,970
/,b,690
55. XKI

--’W--

-1-
7; 1’70
69,110
68,210 >, ‘7(J3

Z02 660 17 74
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