RESEARCH AND DEVELOPMENT PROGRESS REPORT NO. 205 +«  SEPTEMBER 1966

Research on
Pumping Unit Studies
Final Evaluation Report

By Bureau of Reclamation, Office of Chief Engineer; Carlos
G. Bates, Project Engineer, for the Office of Saline Water;
Frank C. Di Luzio, Director; Everett N. Sieder, Chief Distillation
Division; Paul G. Tomalin, Project Engineer

UNITED STATES DEPARTMENT OF THE INTERIOR ) Stewart L. Udall, Secretary
Kenneth Holum, Assistant Secretary for Water and Power

Development




FOREWARD

This is the two hundred and fifth of a series of reports designed
to present accounts of progress in saline water conversion with
the expectation that the exchange of such data will contribute to

the long-range development of economical processes applicable

to large~scale, low-cost demineralization of seca or other saline
water.,

Except for minor editing, the data herein are as contained in
a report made to the Office of Saline Water by the United
States Bureau of Reclamation under Agreement No. 14-01-000 -
544, Neither the Department of the Interior nor any person
acting on behalf of the Department, makes any warranty or
presentation with respect to the accuracy, completeness, or
uscfulness of the information contained in this rcport, or

that the use of any information or process equipment dis-
closed in this report may not infringe privately owned rights,

For sale by the Superintendent of Documents, U Govermmment Printing Office
Washington, .. 20002 - Price 65 ceuls




Crecated in 1849, the Department of the Interior - America's
Department of Natural Resources « is concerned with the
management, consecrvation, and development of the Nation's
water, wildlife, mineral, 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
are developed and used wisely, that park and recrcational
resources are conscrved {for the future, and that renewable
resources make their full contribution to the progress,
prosperity, and security of the United States -~ now and in

the future,
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1. Introduction and Purpose of Studies

The Office of Saline Water, Department of the Interior, envisages
the construction of desalinatlion plants of 50-million~gallon-per-
day capacity and larger, to supplement the water supply of coastal
cities by resorting to the ocean for a source. The Buresu of
Reclamation was engaged to administer contracts with pump manufac-
furers to supply date on large pumping units capable of withstand-
ing aerated sea water and the hot brine solutions to be encountered
in such plants. The data, as evaluated in this report, are to be
made svailable to 15 or more architect-engineers who have been
engaged to prepare conceptual designs of the treatment plants.

Contracts were awarded 4o Allls-Chalmers Mamufacturing Company,
Byron Jackson Pumps, Inc., and the Worthington Corporation for
obtaining realistic data on the large pumpling units of special mate-
rislis thet would be suitable for use in the severe conditions
expected in the large treatment plants.

It was not expected that any startling new pump designs would be
developed a8 a result of these contracts. With few exceptions,

the sizes of pumps belng considered are larger than those that are
listed in menufacturers® catalogs. Estimsted costs of these large
pumps and their motors were lacking, and the study provided these
data as well asg choices of materials and the depth of pump settings,
21l of which bear on the ultimste cost of the installation.

Chronclogy of Events

January 22, 1965--Telephone contsct with Office of Saline Water
indicating need for pumping unit studies

Jamuary 25, 1965--Telephone contact with Office of Saline Water
requesting Reclamation to invite manufacturers' repre-
gsentatives to Washington January 29, 1965, Bureau
representative to be present on Janmuary 28, 1965.
Invited representatives from:

Allis-Chalmers Marmufacturing Company

Newport News Shipbuilding and Dry Dock Company

Baldwin-Lima-~Hamilton Corporation

Worthington Corporation

Ingersoll Rand

Westinghouse Electric Corporation

Byron Jeckson Pumps, Inc.-~Subsidiary of
Borg-Werner Corporation




January 28, 1965--Burean representative met with representatives
from Office of Seline Water and Oak Ridge National
Iehoratories. QOak Ridge furnished pump requirements.
Reclamstion representative wrote invitation to prospec-
Tive contractors

January 29, 1G965«--Discussed invitation with pump mamufacturers’
representatives {(about 45 present)

February 25, 1965--Five proposals received

Februsry 26, 1965-~~Proposed contracts mailed to five prospective
contractors

March 18, 1965--Selection board met in Washington

March 19, 1965~-After evaluation of proposals, negotiated reduced
price on basis of reduced scope of work. Recommended
gwards to:

Allis-~Chalmers Manufecturing Company
Byron Jackson Pumps, Inc.
Worthington Corporation
at a total cost of $69,900
March 25, 1965--Letters of intent mailed to above contractors
May 19, 1965--Contracts mailed

June 9 and 10, 1965--Bureau representative met with Allis-Chalmers
personnel to review progress

June 11, 1965--Bureau representative met with Worthington personnel

June 18, 1965--Bureau representative met with Byron Jackson and
International Nickel personnel

August 10 and 11, 1965--Reclamation representative presented
interim report to 0ffice of Seline Water and evaluators

of 50 MED designs

August 16 through 22, 1965--Reclamation received final reports
from contractors. Mailed 22 coples to Office of Saeline

Water for distribution



2. Discussion of Specific Speed Versus Cost, Efficiency, and Net
Positive Suction Head

Specific speed of a pump, N_ = E;%%EE, is defined as the speed in
rpom that a model would operate if reduced in size such that it
would deliver one gallon per mimute at 1 foot of head. Specific
speed characterizes the type and shape of the impeller. High spec-
ific speeds would indicate a propeller type of impeller which are
suitable for low heads, up to 30 feet per stage. Low specific
speeds indicate the centrifugal type of impeller which have been
used for heads up to 1,200 feet per stege. In between is the mixed-
flow type. There are no definite theoretlical limits bhetween which
the above types of impeller can be used since we have the fallowing
relations which apply within limits to a pump of any specific speed:

Qoo N
H o Ng
HP o N3

in which @ i1s the quanbtity delivered, H is the head, HP is the
horsepower required and N is the speed of the pump.

Even so, a propeller~type unit cannot be used efflciently for high
heads and a centrifugal type is not the most efficient for low heads.
Graph No. 1 is an experience curve of head versus specific speed of
pumps installed by the Buresu of Reclamation. The maximm specific
speed permitted for these studies, N, = 69,000/H*®2 is also shown on
the curve. Pump speeds selected from this curve would result In
impeller settings 5 feet below free water surface subjected to one
atmosphere of pressure at sea level according to Hydrsulic Imstitute
Standards. It is well known that if the custamer does not limit
speed, the manufacturers will tend to offer equipment with higher

speed than that which may be most efficient. The higher speed equip-

ment would be smaller apd would glve the manufacturer an advantage
in the bidding. Higher speeds require more net positive suction
head, NIPSH,

NPSH is defined as the suction head above vapor pressure at the
highest point of the impeller inlet. Operation with less than min-

imm NPSH will cause the head and efficiency to fall off and destruc-

tive cavitation will take place on the impeller blades.




Suction specific speed, S = ~Eﬁ[§ém~w, is used to describe the suc-~
(NPSH)B/‘*

tion characteristice of an impeller. A value in the neighborhood

of 7,900 to 8,000 has been found to produce highest efficiencies.

If an impeller is designed for a higher suction specific speed in

order to reduce the required NPSH, the blade entrsnce angle must

be flattened. This results in lower efficiency and s larger impeller-

eye dizsmeter for a given capacity.

Sigma is the ratio of net positive suction head to total heamd, NPSH/H.
The critical value of sigma is determined by model tests for each
impeller design. It can then be used to determine the required set~
ting with respect to suction water level for any enviromment. The
ceritical sigms factor and regquired NPSH increese repidly with dis-
charge sbove the best efficiency point. It is our experience that

if a p is operated at a head considersbly below best efficiency
head (high discharge) no amount of NPSH will prevent cavitation.

3. Data to be Supplied by Contractors

The principal data requested of the contractors were:

8. Selection of pump type considered most suitable for the
specified service.

b. layout dimensions for pump and electric motor driver.
c. Performance curves.
d. Setting with respect to free fluid surface.

e. Cost of punping unit for three alternate pump meterials,
one of which was to be selected by the contractor.

f. Costs plotted on log-log paper to sllow interpaolation.

g. Manufacturer's recomendation of materials for the specified
service.

The contracts provided that 25 copies of a final report be furnished,
1 copy to be reproducible by a photographic process.

One contractor furnished the minimm data required. Two furnished
more data than required. The amount of data furnished is believed
to be commensurate with the dollar value of the contracts.




b Data Supplied to Contractors

Tables 1 and 2 list the principal data for 43 pumps furnished to the
contractors. These data were originally prepared by Osk Ridge
National laboratories. Subsequent revisions were made by the Bureau
of Reclamation to remove requirements which could not be met, to
reduce the scope of the work, and to change the material requirements.

Prior to award of contracts these data were supplemented by letters
stating:

"In response to an inquiry from one of the contractors performing
subject studies I am enclosing two pages fram R&D Report #25 from
which the vapor pressure of szsline solutions may be camputed.
Given density and temperature, determine chlorosity from Figure IV.
Then fraz Figure VII determine boiling point rise. Then fram
steam tables determine vapor pressure at glven temperature minus
boiling point rise. We have calculated the following:

Chlor~  Teup. 23 Suc. atmos.
Solution SuGe Temp. osity rise (psia) press. (psia)
Sea. water 1.02 65 15.7k 0.34 0.30 1h.7
Brine 1.052 90 4k, 5% 1.46 0.67 1.5
Brine 1.058 90 b9 48 1.66 0.66 1.5
Distilled water 0.995 87 0 0 0.64 1.5
Sea water 1.013 110 16.98 0.50 1.26 18.0
Brine 1.02 200 b5,78 2,31 10.99 11.4
Brine 1.05 1k6 55.00 2.40 3.17 bR

"Please note that for the VIE plant brine pumps at 200° F the suc-
tion atmospheric pressure has been changed fram 9.5 to 11.4k psia.
This is necessary because of the previous change of temperature
from 191 to 200° F.

"Tn selecting and pricing motor drivers, consider that all pumps
will start watered - against a closed discharge valve. Do not
increase motor price because of excessive voltage drop while
starting. Since the pumps would be installed adjacent to a gen-
erating plant baving many times the capacity of all pumps, we
would not anticipate excessive voltage drop due to starting any
one pump. Also, consider direct connected exciters and indoor
housings. Motors up to 5,000 horsepower may bhe air cooled.
larger motors should be water cooled. * * ¥




"It is required that data be furnished for sea water pumps in
three capacities, 125,000, 350,000, and 800,000 gallons per
mimute, each at three heads making s total of nine ses weter
pumps. Prices for each of the above pumps should be given for
three different materials and for furnishing one or three pumps,
making a total of 5k prices for sea water pumps.

"The upper speed limit was established to avoid unreassonable sub-
mergence requirements since there are too many unknowns to arrive
at a general cost per foot of NPSH. For final designs, architect-
engineers will bhave to give consideration to the economics of
speed, efficlency and submergence for particular pump types and
site conditions. It 1s desired that your report contain general
information which will guide architect-engineers in such studies.

"Po help you in selection of speed, use v.2 mills per kwhr for
energy and consider contimious operation. You should alsoc cone
gider that large desalination plants will most likely be built by
public agencies with interest rates of 3-1/8 percent and with a
payout pericd of 30 years. Urder these comditions you wiil find
that there can be very little sacrifice of efficiency to reduce
capital costs., It is for this reason we would not favor a very
low NPSE impeller design which would sacrifice efficiency in favor
of sumergence."”

The contracts include under Statement of Work, "The objectives of
this study are:

"s} to obtain realistic dats on a mmber of special pumping units
of capacities and heads suitable for 50 million gallon per day,
and larger, water conversion plants. The data will be made avail-~
gble to conceptual design contractors to assist in making layouts
and in estimating costs.

"») pumps shall be selected to deliver rated capacity at rated
head at the point of best efficiency. The efficlency shall be as
high as practicable and there shall be no sacrifice of efficiency
in order to minimize sulmergence. The maximmm specific speed
allowable for this study 1s 69,000/H°63 wvhere H 18 the head per

stage.

"¢} 4in selecting the type of pump for each capacity, head, and
service, consideration shall be given to the requirement for long
periods of continuous service. The type of pump and arrangement
of pump and motor shall provide for ease of maintenance.”

Table 3 lists the 43 pumps, the principal data supplied to the con-
tractors, and the contractor's designation for each pump.
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Selection of Pump Types

Selection of pump type was the responsibility of the contractors.
The following are general types which could have been used:

of

a. Centrifugal, single stage spiral cased: single volute,
double volute, or diffuscr; horizontal or vertical; wet or dry
pit. Centrifugsl pumps are used for capacity ranges from the
smallest to the largest and for very low heads to the highest.
Pumps of medium size and head are often of the double-volute type
to equalize hydraulic side thrust and for structural reasons.
Iarge apd/or high-head pumps must be of the diffusor type for
structural reasons.

b. Vertical column pumps: single or multistage; propeller,
mixed-flow, or centrifugal-type impeller; wet or dry pit. This
general type covers a wide-head range. The propeller type is
good up to 30 feet per stage, mixed flow may be used fram 30 to
60 feet per stage and centrifugal or turbine type up to 100 feet
per stage. The largest pump of this general type which the
Bureau of Reclametion has used is a single-stage, varisble-pitch
mixed~-flow unit of 315,000 gpm capacity, designed for 55 feet
total head. Multistaging can reduce required NPSH while maintain-
ing a desirable specific speed.

¢. Double-suction pumps: horizontal or vertical. This type has
the advantage of s higher permissible rotative speed for a desir-
able specific speed. It is usually of the centrifugal type and
covers a wide range of heads, Tts capacity has been limited to
date.

the types sultable, the contractors picked the following:

Allis~Chalmers Manufacturing Campany, vertical centrifugal dry pit
pumps for all except Items 32 and 41 which are horizontal, double-
suction pumps. These latter two pumps are relatively small, the
heads are high, and the suction conditions do not require deep
submergence.

Byron Jackson Pumps, Inc., selected vertical shaft pumps for all
conditions. They assumed that the low capacity pumps for each
service went with a small plant, the intermediate-size pumps went
with an intermediaste~size plant, etc. Their selection is there-
fore influenced by an attempt to meke all pumps for a given sized
plant either dry-pit or wet-pit type.

Worthington Corporation, with three exceptions (No. 32, 33, and
35), selected vertical centrifugel dry pit pumps for sea water




service and vertical column {can) pumps for brine and product.
The exceptions are relatively high-~head pumps with high available
Npm.

A1l of the 800,000-gpm pumps are for sea water service and are ver-
tical centrifugal dry pit type. For 350,000 gmm all are vertical
centrifugal except that Worthington used vertical column wet-pit
type for brine service, Ttems 28, 37, and 40.

Discussion

It 1s impossible for a pump expert to make the proper selection of a
punp unless he knows all of the conditions. If every conmdition 1s
put before him he can make a fairly intelligent selection based on
experience. A final selection should be made following an econcmic
analysis of two or more possibilities.

811 conditions applicable to 15 conceptual designs could not be given
to the contractors. Two contractors for pump studies were also
engaged in conceptual designs. One was not; so he was advised to
conbact several conceptual deslgners to get an idea of their physical
requirements. Even so, they could not anticipate the conditions the
remaining conceptusl designs would present. Therefore it cannot be
said that the selection of any contractor represents the optimm for
all concepbual designs.

At the time these contracts were solicited, one design bhad been
reviewed. A%t the time of this writlng, six conceptual designs have
been reviewed.

In two cases reviewed it is apparent that one conceptual designer
gave a manmufascturer erroneous data. In another case the designer
furnished requirements which were unnecessarily difficult to meet.
Both resulted in improper selection of pumps. It therefore behooves
an architect-engineer to have a punp expert who can ask intelligent
questions of the manufecturer or else place the entire problem in
his hands. For the incamplete data furnished for this study the con-
tractors were in agreement in two respects:

8. The large sea water pumps should be vertical centrifugals.

b. The brine and distillate pumps requiring deep settings should
be of a vertlcal-shaft type.

It is surprising that horizontal, split-case, double suction pumps were
selected by only one contractor for only two cases. Tt has the
advantage of higher speed for s glven specific speed, balanced
hydraulic thrust, and easy access for maintenance.




Byron Jackson did not select this type for any of the given condi-
tions. They did, however, suggest a further develomment along the
same lines. Instead of one double-suction impeller they suggested
eight double~suction impellers on cne shaft. For a given condition
this arrangement allowed the speed of a single~suction pump to be
quadrupled resulting in considerable savings in weight and cost.

The proposal ls interesting and deserves counsideration; however, one
could not expect the efficiency to equal that of a single-suction
punp equally well designed and finished because of Moody's scale
factor.

Table 4 is a tabulation of pump types and sizes selected by the con-
tractors.

6. Setting Requirements

The contractors have furnished the net positive suction head (NPSH)
required for each pump. These are shown on Table 5. This means
that if a pump were pumping a fluid which was flashing at the sur-
face, the highest point of the inlet edge of the impeller should be
submerged the amount of NPSH in feet.

From this we can canmpute ¢ = N?fH . EKnowing o, we can cagpute
the setting required for any enviromment. H, = oH - (Ha - ) +H,
or Hs = gH - (Pa - Pv) &%& + Hy in which H, 1is the submergence
in feet, H 1is the head per stage, P_ = atmospheric pressure (psia),

P, = vapor pressure (psia), 7 = specific weight of fluid (1v/cu £t),

and H, is the friction hesd in the suction piping in feet. H,
he.s been camputed for each pump (neglecting friction) and these are
tabulated in Table 5. A minus H; would indicate the pump could be
set above suction water level if mesns for priming are provided.

Sigmas (o) bave been computed and they are plotted on Graph No. 2.
Discussion

Graph No. 3 shows sigma values used by the Bureau of Reclamation for
determining pump settings when more specific model data are lacking.
Note that the contractor’s sigmas do not vary appreciably from this.
The above will insure satisfactory operation 1f the pump is operated
at its best efficiency head, but if a pump will at times be opersted
st less than best efficlency head the discharge increases and the
critical sigms increases rapidly, approximately as indicated on
Graph No. 4. Therefore pump settings should be based on the minimm
head at which they may be required to operate.




T. Motor Costs and Weights

The contracts did not require motor costs and welghts--only totas
cost of pamping unit. However, it is now apparent that some concep-
tual designers may elect to use a prime mover other than those
specified for this study. TFortunstely two contractors furnished
weights and sll furnished separate costs. The welghts and costs are
tabulsted on Table 6. The costs submitted by Allis-Chalmers are
plotted on Graph Fo. 5. The weights listed for stator and rotor
will aid architect-engineers to determine the capacity of handling
equipment required for maintenance. Costs should be increased 25 per-
cent 1f outdoor settings are plamned. Costs should be adjusted for
voltages other than specified. Costs of installation and of controls
shouwld be sdded to the curve costs.

8. Pump Materials

Two puap material selections to be priced were specified. One pump
materisl was left to the discretion of the contractors. Allis-
Chalmers tends to subatitute Monel for stainless for their material
slternate. The other contractors suggested epoxy-lined steel or
cast tron. None of the contractors found stainless clad steel prac-
tical because of the large percentage of stainless required and
pecause of pamifachuring difficuities. See Table 7.

viscussion

On the basis of recommendations received from the controiiors, from
International Nickel Compeny, and from other literature and experi-
ence we find:

a. Costs of punps manufactured from the principal materials con-
sidered will increasse in the following order: cast iron; epoxy-
coated steel; Wi-~Resist; stainless steel or nickel-alumimm
bronze; and Monel.

b. For impellers and diffusers cavitation resistance must be
copsidered along with corrosion resistance.

¢. Castings are not practical for the cases and covers of the
lorger pumps under consideration. Welded construction is indicated.

4. Cast iron has poor cavitation resistance. It is fairly cor-
rosion resistant in still or low velocity sea water or brine such
that the protective corrosion products are not washed away expos-
ing new metal., It is suitable for coamplete castings only, as It
cannot be readily welded or repaired. It is subject to graphitiza-
tion.

10




e. Epaxy-coated steel is tempersture limited (120° F) at this
time. Its use should be restricted to uniform low velocity
sections which can be completely shop fabricated and coated.

Tt should also be restricted to nonembedded parts which could be
replaced, such as the column pipe of vertical column pumps.

f. Ni-Resist 1s more resistant to corrosion than cast iron but
is also veloclty limited. It has seen a lot of service in sen
water and brine but may not serve 30 years. It is also sultable
only for castings.

g. Stainless steel Type 316 wrought or Type CF~8M cast are known
to be excellent in resistance to cavitation and corrosion if prop-
erly heat treated after casting or fabrication. Tt is also
believed that it would not be subject to stress corrosion crack-
ing, as claimed by same, if properly heat treated. However, there
is a reluctance among foundrymen to do this. Therefore, for large
camponents we often find it necessary to substitute Type 316L for
febrications and Type CF-3M for castings--waiving complete heat
treatment., The result is a product of lesser quality than could
be cbtained from the material. Stainless steel is also gubject
to pitting when submerged in still sea water, msaking it necessary
to drain and wash with fresh water whenever a pump will be out of
service for an extended perdiod.

h. Nickel-aluminuwm bronze is competitive in price with stainless
steel. It is currently the preferred material for ships' propel-
Jlers which speaks well for its cavitation and corrosion resistance
in ses water. We have no knowledge of its service in high tempera-~
ture brine but bave no reason to question its suitabllity. It is
a high-strength materisl, resdily cast and fabricated, and is
easily welded or repaired. It is not known to be subject to pit-
ting in still water.

1. Monel, like nickel-aluminum bronze, has nothing in its dis-
favor except that large castings are difficult. It is, however,
more expensive than nickel-alumimm bronze.

The concensus appears to be that Ni-Resist Type 2 or D2 will be ade~
quate for the stationary camponents of smaller pumps for sea water
or brine. Epoxy-coated steel will be suitable for column pipes where
the temperature is less than 120° F. For larger pumps where fabrica-
tion would be more economical, Type 316L stainless steel or nickel-
alumimm bronze is indicated.

Impellers should be cast of stalnless steel Type CF-3M or nickel-
alumimm bronze except that for temperature above 140° F, Monel
should be used until the characteristics of the other alloys are
better established.




For product water, 3-percent nickel cast iron cases with bronze trim
should be adequate.

Shafts should be of carbon steel with stainless steel sleeves where
there is exposure to the fluid except that small shafts would be
more econcmically made of solid stainless steel.

While pumps of the ahove materimls are expected to give satisfactory
service, it is doubtful that anyone would guarantee a 3Q-year life.
Additional research on punp meterisls is recoomended.

9. Pump Costs

The contractors® cost curves are disappointingly erratic for estimat-
ing purposes. One contractor presented a generalized curve for all
stainless steel pumps which may be used provided NPSH limitetions are
observed. Cost data for two material selections specified and for
the contractors' material selection are tabulated on Table 8.

Discussion

From the contrsctors® data we have attempted to derive estimating
curves more useful to designers. See Graphs No. 6, 7, 8, 9, 10, and
11. These are believed to be adequate for estimating provided the
limitations applying to these studles are not exceeded. Costs of
installation should be added to curve costs. Note fram Graph No. 6
that for a 100,000-gpm pump at 400 feet of head, the manufacturers®
cost for all steinless steel is nine times that which the Bureau of
Reclemation would expect for conventional materials under competitive
bidding.

10. Efficiencx

Best efficiency points of the pumps selected by the three contractors
are plotted on Greph No. 12. No one should draw any conclusions
regarding one manufacturer's efficiencies versus another's. Whatever
efficiency one contractor can obtain, other reputable manufacturers
can match. The differences Indicate only the degree of conservatism
considered proper for the purpose of these contracts.

Discussion

In & preliminary report it was stated that efficiency of pump

and prime mover will be found to be of utmost importance since the
present worth of power costs due to very few percentage points of
efficiency will equsl the capital cost of the equipment. Further
consideration that all efficiency losses of the pump are transferred
into heat makes one realize that for some recirculating pumps,
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efficiency 1s not so important after all. High efficiency will still
be Important for sea water pumps, brine rejlect pumps,and product

PW} a &

A% roptractors seem Lo agree that highest efficiencies will be found
at spncific speeds between 2,500 and 3,000. Only Allis-Chalmers
geemad. 0 have adjusted expected efficlency for size. USBR curves
showe at the bottom of Graph No. 12 and on Graphs No. 13 and 1k show
USRP experience in this matter. Iarger sizes of pumps and mobors

are expected to obtain higher efficlencies.

I6eal suction conditions are essential to obtain high efficiency.
Hote that both manufmcturers who selected wet-pit pumps recommend
reftuced expected efficiency for such settings.

Efficiencies indicated sbove must not be used for compuling power
costs, In the first place the USBR would discount expected effi-
ciencies shown about 2 percent in establishing & value required to
be guaranteed. Secondly, an allowance for wear between overhauls
mest be considered. This may be only 1 or 2 percent. Thirdly, and
most important, is the range of heads and capacities s pump may be
exvected to deliver.

To illustrate the latter point, let us assume a system in which a
purp is expected to deliver from 50 percent to 100 percent discharge
at heads ranging from 100 percent, representing 20-percent static
1ift and 80-percent friction in scaled and partially clogged or
fouled condenser tubes, to 30 percent, representing 50-percent capac-
ity with the same static Lift and 10-percent friction in new clean
tubes. See lower curves of Graph No. 15.

If a fixed-pitch, fixed-speed pump were selected for this service
and 1f the weighted average operation were T75-percent discharge at
53.5~percent head, the discharge of the pump would have to be throt-
tled with an aversge efficiency of 38.5 percent or bypassed; but
bypassing is not possible over the whole range because the head on
the pump would become too low. If a fixed-speed variable-pitch pump
wvere selected, an efficlency of 82 percent could be expected. If a
fixed-pitch variable-speed pump were selected, an efficiency of

88 percent could be expected. The above do not include the effi-
ciency of the prime mover or speed reduction components. For the
assumed conditions the varisble-speed pump has distinct advantages.
There are many methods which may be employed to obtain variable
speed. Of these the steam turblne with geared reducer seems to be
nost attractive. Direct-current motors powered by a steam turbine
driven direct-current generator should also be considered. For
lesser head variation the variable-piich, constant-aspeed pump is
very attractive for variable discharge.

15




11l. Recoammended Procedure for Selecting and Pricing Pumps and for
Determining the Required Setting

Example No. le~3ea water pump

Given Q = 400,000 gpm constant
H = 15C¢ feet constant
Temperature of water 75° F maximum
Pump to be self-priming with tide * 3 feet
Head loss through intake channel and
traveling screen=--0.5 foot

Analysis: TFor s pump of this size one can visualize
& spiral-cased centrifugsl pump
For best efficiency, suction gpecific speed

should be S = £8,000 = 2 EPL__
(wpsE) >
If the centerline is placed 3 feet under minimum
water level = «6.5 feet, the pump will be self-
priming and NPSH = 3 x $202 + (33.9% - 1.00) =

36 feet at T5° F

(36.0)%/* x 8,000 _ 14.8 x 8,000

Then: N = = 187 rpm max., say 189

00,000 635
. . 189 xJk00,000 _ 189 x 635 _ , g
. o p b »
? 150%/% weT
— 400,000 _ 150 €3.5 = 17,100, say 17,500

56 * .50 * 550

From Table 5 find that a near specific speed is Worthington's

Pump No. 30, N, = 2,761. See Worthington performance curve sheet
E-203723. From the conbractorts curves for this pump one can predict
the characteristics of the example pump.

Now suppose that at times the pumping head may be only 120 feet or
80 percent of 150 due to overestimating tube friction. At 80 perw
cent of best efficiency head, Punp 30 delivers 117 percent of capac-
ity. From Craph No. % one finds that at 117 percent Q, ¢ may be
135 percent of normal ¢ and normal ¢ = fg% = 0.2k, So o at
80 percent best efficiency head will be 1.35 x 0.24 = 0.32k. Then,
NPSH required will be 0.324 x 120 = %8.8 reet, whereas at 150 feet
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head, it is 0.24 x 150 = 36 feet. This means that one would have to
throttle the discharge of the pump so that Q does not exceed
400,000 gpm or else set the pump deeper, 38.8 - 36.0 = 2.6 feet
deeper. At a sacrifice in efficiency one could use a higher suction
speed pump such as Allis-Chalmers has. See Graph No. 2, ¢ = 0.17
for N_ = 2,800. ¢ at 80-percent head = 1.35 x 0.17 = 0.229 and
NPSH = 0.229 x 120 = 27.5 feet. Throttling the discharge would slso
reduce efficiency. See Graph No. 15. Bypassing part of the excess
flow would require the same setting as above. It appears that a
variable-gpeed drive or & variable-pitch pump is 1in order.

To price this pumping unit consider:

Constant speed pump of nickel-aluminum bronze or

stainless steel from Graph No. 7 $1,550, 000
Motor 17,500 hp at 189 rpm from Graph No. 5 450,000
$2,000,000

Example No. 2«-Brine recirculation pump

Suppose & pump of the same capacity and total head as above
were required, i.e.

400,000 gpm
150 feet

@
H

il

but instead of pumping sea water, in which case we arbitrarily set
the centerline 3 feet under minimum tide level to afford self-
priming, we are pumping flashing brine having a specific gravity
of 1.058, & temperature of 90° F, and a vapor pressure of 0.66 psia.
In this case H_ - H, = 0, so the NPSH obtained will mean the
highest point of the inlet edge of the impeller vanes will be sub~-
merged by the value of NPSH in feet.

If we limit specific speed to N_ = 69,000/H°®% as for the sub-
ject studies, we could go to a maximm specific speed of N, =

a/4
69,000/150°%% = 2,940 and N = 22240 ’6‘3;50

+ 83

=200 hage iid

Now for best efficiency suction specific speed of about 8,000,

NPSH = [ NNER +/° 200 x 202 X 15.85%/% = 4o feet
= S = ~000 = 15.65 = eet.

5




This is a lot of submergence. It can be reduced by reducing the
rotative speed with an increase in pumpy size and price. If the
speed were reduced to 189 rpm, the pump size would be the same as
for Example No. 1. If the pump N, were reduced to 2,350 per USBR

curve, N would be EAEZQ_E_EE = 160 or 163.7 synchronous.
633

e NE/3
NPSH = ( 163.7 x ET%%) - 12.95%/° - 30.5 feet. Note that by
. E
reducing speed fram 200 to 163.7 we reduced the submergence by
9.5 feet, but we also increased the size from 84 inches to
200 .
8k x 5.7 - 102.8 inches approximately, or an increase in price

fran $155,000 to $195,000 for the pump and an increase in motor

rice fram $425,000 to $480,000, or a total increase in price of
95,500. One would have to seriously consider the values of reducing
speed and submergence versus structure costs.
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GRAPIT NO. 3

10.0 7 10.00
80 .
70— . /
60 / -—
40 e B sa I S— /
3.0 fromene /! ™
20 — v [ N S S S ——S—
MINIMUM RECOMMENDED 1
SIGMA @ BEST | / 5 s
EFFICIENGY~---..___V o _B.3Ng”
10 . e / 108 100
09 ...... //
08 T U R S ) N S Y T ———— e B B —
b O 7 e s v ——— L g
N /
= 06 : - / :
e /
[43] 05 ......... P— [
0.4
0.3 —
0.1 0.10
= L) () [ [ [ov B o B v ] = = <2 o
= a8 S 8 8 883888 3 g a8 &
= o 2] k=4 (5] — o0 o 9 g ,?-) g %
SPECIFIC SPEED, Ng, @ BEST EFFICIENCY HEAD
SIGMA vs SPECIFIC SPEED
U.S. B R (FROM STEPAMNOFF}

19




240

]
™
<

SIGMA

b
@ o
o o

N

ro Y
o L]

o
<

\

PERCENT OF BEST EFFICIENGY

\

==
40
20
O i
o 20 40 80 80 100 120 140

PERCENT OF BEST EFFICIENCY DISGHARGE
TYPICAL VARIATION OF SIGMA WITH DISCHARGE

160

TON HAVHD

%




1,000,000

GRAPTENO.

-

o

300,000

800,000

700,000 b—

600,000

500,000

400,000

200,000

200,000

100,000

¢y 80,000

80,000

570,000

I
£ 60,000
50,000 F

40,000

50,600

20,000

INDUCTION SYNCHRONOWS

- T e e e e . . ks
6,900 VOLTS 13,000 VoL 1S
10,000 } - _l
o > o 3 (9] o1 2 i [
[ o @ £ (4] ] s [} )
< ) (] (_'_'J_ L [ :2_ " L'_.: ’
- e i 4 e ) =3 I o
[aR] o ~I Ty

MOTOR QUTPUT - HORSE POWER

MOTOR COST vs. MOTOR OUTPUT
FOR ELECTRIC MOTOR WITH INDOOR HOUSING, FULL VOLTAGE
STARTING AND DIRECT CONNECTED EXGITER




GRAPH NO. 6
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Numpber of Units1
Fluid
Temperature (°F)

Suction Atmospheric
Fressurs

Totel Head (£t)7
Specific Gravity
Yoliage

Type Motor

Capreity, gpm?

Materiais:

Large shafts may

be of forged (or
fabricated) carbon
steel, Portions

in contect with sea
water or brine shell
be 316 stainless
steel olsd 1/4" min-
imum thickness,
Smialler shafts

ghall be of Type 316
stainless steel,

TABLK

January 29, 1965 OHNL

Reviged February 1, 1965 USBR

SFECIFICATTON DATA SHEET FOR TARGE MSF PLANT FUMES

Sea Waler
3 oand 3

Sea Water

&5

14.7 psia

53, 100, 150

1.02

13.8 KV, 3 Fh, 60 Cy
Synchronous 1,0 TF

125,000, 350,000

H

Steel, with Type CF-8M
gtainless steel
impeller and all parts
in contact with water
316 stainless sieel
or 316 stainless ateel
clad 1/4" minimum
thickness,

Ni-Resist Type 2, or
Type D2 where stiress
dictates, Type CF-3M
stainleas steel
inpeller,

Manufacturer's
recommendation,

Brine Recirculation
2 and 6

Brine

PG

1.5 peis

145, 200, 250

1.052

13,3 KV, 2Fh, 60 Cy
Synchronous 1.0 PF

2
125,000, 00,000
#ixs e, 350,000

Ni~Resist Type 2

or Type D2 or with
Type CF-8M stainless
steel impellers,

Ni«Resist Type 2 or
Type D2 where stress
dictates, NI1-Al
bronge impeller and
trim, (B-148, 9D-HT).

Mamafacturerts
recomnendation,

T5ive increased cost &bove base cost for smaller quantities listed.

Brine Heject
2 and 4

Brine

1.058
4160 v, 3 Fh, €0 Cy
Squirrel Cage

25,000, 75,000
150,000

Ni-Resist Type 2

or Type D2 or with
Type C¥-iM stainless
steel impellers,

Ni-Resist, Type 2 or
Type D2 where siress
dictates, Ni-AL
bronge impeller and

trim, {(B-142, 9D-HT),

Manufacturer's
reconmendation,

Jdaxinum specific speed, Mg = 923999 where H = total head per stage, (69JXM/H‘6%
H.03

3Thrott1ing may be required during startup and for process control,

32

Revised March 29, 1965 USBR
Hevised May 18, 1965 USBR
Revised June 22, 1965 USBR

Produe
2 and 4

Distilled Water

74

1.5 psia

70

.99

4160 v, 3 pPh, &0 Cy
Syuirrel Cage

20,000, 50,000
100,000

Marufacturer's
recomuendation,




Number of Unitsl
Fluid

Temperature (°F)

Suction Atmospheric Pressure

Total Head (ft)2
Specific Gravity
Voltage

Type Motor

Capacity, gpm?

Materials:

Large shafts may be of
forged (or fabricated)
carbon steel, Portions
in contact with sea water
or brine shall be 316
stainless steel clad

1/4" minimmm thiclkness,
Smaller shafts shall be
of Type 316 stainless
gteel,

Brine Feed

2 and 4

Sea Water

110

18 psie

100, 200, 400

1.013

4160 ¥, 3 Ph, 60 Cy4
Squirrel Cages

25,000, 50,000
150,000

Steel with Type CF~&8M
stainless steel
impeller and all
parts in contact with
water 316 stainless
steel or 316 stain~
less steel clad

1/4% minimum
thickness.

Ni-Resist Type 2 or
Type D2 where stress
dictates, Type CF-8M
stainless steel
impellcer and trim,

Manufacturer's
recomnendsation.

TABLE 2

January 29, 1965 ORNL

Revised February 3, 1965 USER
Revised March 29, 1965 USER
Revised May 18, 1965 USBR
Revised June 22, 1965 USBR

SPECIFICATION DATA SHEET FOR VTE PLANT PIMPS

Brine Recirculation
2 and 4

Brine

131 200

11,4 psia

40, $8 90

1.02

4160 Vv, 3 Ph, 60 Cy
Squirrel Cage

63,000, 125,000
270

Ni-Resist Type 2
with Monel impeller
and trim,

Ni-Resist Type 2
with Ni-Al bronze
impeller and trim,

Manufacturer's
recommendation,

1
Give increased cogi above base cost for smaller quantities listed,

Brine Recirculation
2 and 4

Brine

146

3.4 psia

40, 65

1,05

4160V, 3 Ph €0 Cy
Squirrel Cage

47,000, 100,000
175,000

Ni-Resist Type 2
with Monel impeller
and trim

Ni-Regist Type 2
with Ni-Al bronze
impeller and trim,

Manufacturer s
recommendation.,

Ataximm specifi c speed, Ng = 99-(;-(3&(2 where H = total head per stage. (69,000/H-%7)

3Throttling may be required during startup or for process control.

4Use 13.8 kv and synchronous over 5,000 horsepower,

53




TABLE 8

FUMP_COSTS :
For lesser No, of Units, From mc, Data Sheet | _For Larger No, of Upits, From Spec, Data_Sheet
Pump aterial Alt, No, 1 Material Ait, No, 2 Contractor's Mat'l, Material Alt, No, 1. Materiel Alt, No, 2 Contractor' '], No, Units
No, |— B.da ¥, a.c, | BJ, W, AC, B, J. W, A.C, B.J. v, AC, B,J. ¥, A,C, B, J. ¥, | Lesser | Larger
1 82,100 66,800 87,450 80,100 56 , 300 72,610 83,700 53,600 53,000 81,850 61,500 82,500 79,850 51,000 68,500 83,450 48,300 50,000 2 4
2 108,500 121,600 132,500 106,500 100,800 111,300 111,700 95,600 75, 260 99,750 115,100 | 125,000 97,750 9%, 300 105,000 102,950 89,100 71,000 2 4
3 163,200 138,700 174,900 160,200 122,000 145,220 168,200 115,000 100,700 155,450 131,700 | 165,000 152,450 115,000 137,000 160,450 108,000 95,000 2 4
4 183,000 153,600 235,320 173,720 125,500 203,520 211,960 118,300 126,140 173,960 146,300 ,222,000 164,690 118,200 192,000 202,920 111, ,000 119,000 2 4
> 228,940 449,000 359,340 216, 300 412,000 290,440 285,700 400,000 195,040 219,330 419,000 | 339,000 206,680 382,000 274,000 285,080 370,000 184,000 2 4
6 29,400 36,800 48,230 28,400 39,000 48,230 31,600 3/, ,600 31,800 29,150 33,800 | 45,500 28,150 36,000 45,500 31,350 31,600 20,000 2 4
7 109,700 73,400 139,920 107,700 75,500 139,920 112,900 63,300 117,660 100,950 67,400 132,000 98,950 69,500 132,000 104,150 57,300 111,000 2 4
8 210,260 355,000 289, 380 202,940 362,000 289,380 245,220 338,000 193,980 200,840 335,000 | . 273,000 193,520 342,000 273,000 235,800 318,000 183,000 2 4
9 199,400 143,000 291,900 197,090 133,000 165,900 228,330 124,000 69, 300 175,300 123,000 278,000 172,990 113,000 158,000 204,230 104,000 66,000 1 3
10 484,010 653,000 834,750 482,460 620,000 477,750 574,320 572,000 220,500 451,380 589,000 795,000 449,830 556,000 455,000 541,690 508,000 210,000 1 3
i1 1,003,520 | 1,216,000 | 2,047,500 | 1,035,780 | 1,141,000 | 1,207,500 | 1,252,560 { 1,056,000 598,500 994,690 | 1,140,000 | 1,950,000 586.950 | 1,065,000 { 1,150,000 | 1,203,7X 980,000 570,000 1 3
12 65,700 88,400 92,750 64,700 74,100 81,090 67,500 69,800 57,770 65,450 83,100 87,500 64,450 68,800 76,500 67,250 64,500 34,500 2 4
13 168/900 | 200,400 | 18L.260 | 165,900 { 156,600 | 153,700 | 173,900 { 148,200 | 100,700 } 163,150 193,400 | 171,000 | 158,150 | 149,600 | 145,000 } 166,750 141,200 95,000 | 2 4
14 202,940 437,000 359,340 192,140 395,000 301,040 237,060 386,000 189,740 193,580 407,000 339,000 182,780 165,000 284,000 227,690 356,000 179,000 2 4
1 - - - - - - 41,900 20,050 31,000 - - - - - - 41,650 16,250 28,700 2 4
16 - - - - - - 119,700 45,700 55,620 - ' - - - 119,430 3,30 51,200 2 4
17 - - - - - - 199,100 65,600 111,240 - - - - 191,350 53,600 103,000 2 4
18 73,400 120,200 166,420 71,100 96,600 140,980 74,400 91,700 60,420 73,150 70,850 90,100 133,000 74,150 85,200 57,000 2 4
19 174,200 202,200 315,350 171,500 153,300 267,650 178,200 143,000 177,550 164,200 161,500 146,000 252,500 168,200 135,700 167,500 2 4
20 45,900 42,900 63,000 33,100 39,100 40,420 34,100 37,300 40,420 39,650 26,850 34,600 38,500 27,850 32,800 38,500 2 4
21 91,000 67,400 130,200 61,400 61,800 83,480 63,500 57,600 83,480 83,500 53,900 55,800 79,500 56,000 51,600 79,500 2 4
22 319,100 | 166,000 380,100 224,500 153,000 191,100 231,100 | 139,000 191,100 292,430 197,830 133,000 182,000 204,430 | 119,000 182,000 1 3
23 292,500 248,000 359,100 183,500 240,000 222,600 191,000 233,000 222,600 281,750 172,750 222,000 212,000 180,250 215,000 212,000 2 4
24 442,350 649,000 997,500 436,160 605,000 535,500 523,330 570,000 535,500 411,680 405,490 541,000 510,000 { 492,660 506,000 510,000 1 3
25 1,003,060 | 1,136,000 | 2,415,000 990,170 | 1,081,000 } 1,375,500 | 1,204,360 | 1,026,000 | 1,375,500 955,390 942,500 | 1,005,000 { 1,310,000 1,156,690 950,000 { 1,310,000 1 2
26 229,600 221,000 219,440 226,100 235,000 219,440 233,600 217,000 141,440 216,270 212,770 224,000 211,000 220,270 206,000 136,000 2 6
=7 292,370 313,000 369,200 287,70 320,000 369,200 344,980 300,000 260,000 278,070 273,40 292,000 355,000 330,680 272,000 250,000 2 6
28 452,920 490,000 728,000 452,920 515,000 728,000 543,230 452,000 530,400 435,850 435,850 485,000 700,000 526,160 422,000 510,000 2 6
29 354,600 155,000 561,750 246,100 139,000 246,750 253,600 130,000 246,750 327,930 219,430 119,000 235,000 226,930 110,000 235,000 1 3
EY 549, 320 574,000 | 1,459,500 541,710 546,000 882,000 804,950 509,000 882,000 514,720 507,080 482,000 840,000 770,320 445,000 840,000 1 2
A 1,102,790 | 1,076,000 | 3,255,000 | 1,092,380 } 1,131,000 | 1,995,000 1,327,900 981,000 { 1,995,000 | 1,051,620 1,041,210 955,000 | 1,900,000 [ 1,276,730 905,000 | 1,900,000 1 3
32 51,300 54,400 137,020 38,500 50, 300 89,780 38,500 48,700 89,780 51,050 | 38,250 45,800 85,500 38,250 4y , 200 85,500 2 4
33 135,400 99,800 | 370,650 86,000 89,000 | 207,90 89,900 81,200 | 207,900 { 127,400 93,800 | | 353,000 78,000 23,000 | 198,000 81,900 76,200 | 198,000 | 2 4
34 279,400 221,000 260,000 274,400 229,000 260,000 284,400 205,000 176,800 266,070 210,000 | 250,000 261,070 218,000 250,000 271,070 194,000 170,000 2 6
25 230,900 245,000 { 1,000,650 334,900 238,000 486,150 347,900 231,000 486,150 540,150 227,000 | 953,000 324,150 220,000 463,000 337,150 213,000 463,000 2 4
% 305,060 373,000 499,200 298,870 388,000 499,200 360,710%| 350,000 322,400 290, 560 345,000 | , 480,000 284,370 360,000 480,000 346,200%| 322,000 310,000 2 6
37 480,910 510,000 | 1,031,680 478,900 530,000 | 1,031,680 580,520 481,000 719,680 463,340 480,000 | 992,000 461,330 500,000 992,000 562,950 451,000 692,000 2 6
38 249,950 288,000 551,200 246,000 313,000 551,200 254,000 279,000 322,400 235,650 277,000 | | 530,000 231,670 302,000 530,000 239,670 268,000 310,000 2 6
39 311,400 363,000 889,200 305,940 372,000 889,200 367,100 350,000 556,400 296,330 335,000 | 855,000 291,370 344,000 855,000 352,530 322,000 535,000 2 6
40 492,980 560,000 | 1,643,200 494,530 570,000 | 1,643,200 585,890 520,000 { 1,071,200 475,350 530,000 | 1,580,000 476,900 540,000 | 1,580,000 568,260 490,000 | 1,030,000 2 6
41 66,500 61,200 202,120 49,000 53,900 123,380 49,000 52,800 123, 380 66,250 56,700 | 192,500 48,750 49,400 117,500 48,750 48,300 117,500 2 4
42 182,850 128,400 537,600 120,550 113,000 290,850 124,850 108,500 290,850 173,480 122,400 | 512,000 111,180 107,000 277,000 115,480 102,500 277,000 2 4
43 527,450 | 268,000 | 1,359,750 | 350,200 { 255,000 5087500 | 361,450 | 248,000 | 598,500 | 516,080 | 250,000 | 1,295,000 | 338,950 237,000 | 570,000 | 350,080 | 230,000 | 570,000 } 2 4

#It appears that the $388,960 in A.C, Table 4 should be $338,960
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TALL

DATA FURNISHED AND CONTRACTOR'S DESIGNATION
Pup Motor Contraghor's No,
Pumg Sue, Fres
G (o) | Servige b SPLOR, b H(°F) peia) Type L Yolis Cooling 1 4.0 Dol LR
47,0060 1 Hrine 1,05 146 A Ind, | 4,160 Alv i AR 42HF
673, 0063 Brine 1.07 200 11.4 Ind, 4, 1 Air 2 B-1 G408
Bripe 1,08 146 ENA Ind. 4 1ED Alr E a3 O
Rrine 1.02 el 11,4 Ind. 4, 1EAD Alx A G 3 TR
Trine 1.05 148 3.4 ind, 4,160 Alr % 6-5% | S4HF
Brine 1.058 =} 1.5 Tnd. 4,360 ir & 31 30HF
Brine 1.058 XK 1.5 Ind, § 4,360 Adr 7 37 G4HF
150,000 Hrine 1.058 G0 1.4 Tnd, 4,360 Alr 2 78HF
125,000 San W 1,02 [5 14.7 Syn, (13,800 Alr @ HOMCL
350,000 ¢ Ben W 1.0z [ i4.7 Syn, J13,80 Water 10 QEMNL
800,000 | Sea W L.02 23] 14.7 Syn. 113,800 Weler 11 144MCL
47,000 Rrine 1,09 146 NS Ind. 4,180 Alr e L2F
100,000 RArine 1,025 146 S Iind, 4,160 Atr 11 0T
175,000 § Brine 1,00 3.4 tnd, § 4,160 air 14 84HF
20,000 vigt, 0995 1,5 Ind. 4,160 Alr 15 GOHY
50,000 | Dist. 0995 1067 Ind, | 4,160 | aix 16 4L2NF
100,000 Dist. 3,995 L.» Iind, (A=) Air 17 HOHF
©3,000 | Brine 1,02 1.4 Ind, | 4,160 | air 18 S4HF
125,000 Brine 1.0z 1h.4 Ind, 4, L Alr 1w i
25,000 | Sen W 1,013 12,0 Ind, | 4,160 | Air s 24MC1
50,000 | bes W 1013 T 18,0 nd, 14,760 aiT 21 ML
125,000 | Sea W 1,02 14,7 Syn. 113,800 Alr s GOMC1L
L50,000 | See W 1,013 18,0 Ind, 4y 160 air 23 B0
360,000 Sea W 1,02 La.7 Byn, (13,800 Water 24 QEMCL
800,000 | Sem W 1,02 14.7 Syn. 113,800 | Weler 25 - L4AMCL
1250001 Hrine 1.052° 1.5 Toym, (12,800 | Water 2% EEHF
200,000 frine 1.052 1.5 Syn, 113,800 Water 27 B4HF
s} 145 350,000 Brine 1.052 1.9 Syn. }13,800 Water 28 114HF
s 150G 125,000 | Sea W 1.02 L7 Syn (13,8900 Water 29 SLNATT
£ )} 220,000 | Sea W o 4.7 Syn, {13,800 | Water | 30 {1-6 | 84NALDE
s 500,000 | Sen W 14,7 Syn, 113,800 Water 1 -G 120NALES
7 25,000 § Ses W 1.013 8.0 Ind., | 4,160 Air a2 4=2 2LFAR
33 3,000 | Bea W 1,013 18,0 Ind, 4, 160 Alr i3 Ay G JEFAR
3 200 125,000 | Bripe 1.052 1.5 Syn. {13,900 | Water 3 w2} BEHF
35 L oo |13 Ses ¥ | 1,013 | 180 | Ind. { 4,060 | Water | 15 | 4-8 | 54FAZ
36 200 Brine 1,052 1.5 Syn, 113,800 Wster ¥ ] 84HF
37 X0 Brine 1,052 1.5 Syn., 113,800 Water 37 -8 114HF
a8 250 Brine 1.052 1.9 Syn. 113,200 Water 38 2-3 7
3% 250 Brine 1,062 1.5 Syn. (13,800 Water il 2-6 SOHF
40 250 Brine 1.052 1,5 yn. (13,800 | Water i 2-9 | LEOWF o
41 400 Sem W 1,013 TS 18,0 Tind, | 4,160 | Air 4L 43 1 24NABS4
42 fAv ] Ses W 1.013 110 18,0 ind, 4, 160 Waber 42 4=t NAGS
43 400 Sea W 1,012 110 18.0 Ind, 4,160 Waler 43 LG S4NALIZ
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TARBLE 4

PIMP, SELECTIO N
Pump e ber of efages Speed ize in/out (INS,)
No, tac, I'BgJ Tw 1ac teJ 1w {AC IBJ TWw AC, B.J, W,
T FVCC {VID | VW [ 1 1 1§ 440 | W2 445 1 42/42 54750 54742
2 lvee ¥ VW 1 1 104391 ) o353 395 | 48/48 66/60 63/54
3} vee VD vTE 1 1 1 319 320 322 | 54/54 B4/12 18/60
4 VCF VTD vIv 1 3 1 289 294 295 | 60/60 9%0/78 87/72
5 §WCF | vee W |1 1 1 125 1168 245 1 72/72 88,25/945 102/84 __
6 v | v | vw | 1 1 11 584 1 504 705 | /0 56.57 36 38/%0
7 VCC VD VW 1 1 1 390 392 345 t 48/48 72/66 64,/ 54
14 VCF VCF vIW b 1 1 210 196 2z} TR/T2 79,25/87.5 96,/78
9 {VCOF fviw {VveCc | 1 1 1 300 | 300 300 | 60/60 109/84 60/60
10 {VWCF | VCF | VCC | 1 1T +1 1180 144 180 b __108;10_;5 118/131/5 96/9
11 VCF VCF vee | 1 T V1 120 95 1% | 154/154 179/196 144/L44
12 fvec (VD VW) 1 1 )57 | 392 505 | 42/42 54/48 54/42
13 jvee jvip fviw| 1 1 1} 349 320 355 | 54/54 84/72 78/60
“ O {VwF fvee [VIW] 1 1 1} 20 o235 272 } 72/72 78/86.5 102/84
15 {VvCC | VIW | VIE | 1 2 1 1709 1t 588 705§ 24/2% 44.,5/32 36/
16 Jvec (v {viw | 1 1 1 | 508 | 446 505 | 42/42 60/50 52/42
17 bvee jvrp {vowy o : 1 10} 350 | 3153 355 | 54/54 84/72 78/60
18 [we {vip (vl 1 1 2 {391 | 353 395 | 48/20 66/54 63/54
19 fwe {vrp fviwi 1 1 2 4292 | 29 295 | 60/54 90/78 87/72
20 lveec v fvee ol 1 131709 |75 705 | 30/24 46.5/34 24/ 24,
2L P Ve (VID | VCC | 1 1 1 504 | 504 505 | 42/ 60/50 /%
22 iive VTW Voo 1 b 1 327 327 327 | 60/54 104/78 60/60
23 {we fVeF {vee | 1 1 1§23 | 29 295 | 72/54 64.75/70 60/60
24 VCF veE | VCC 1 1 1 200 200 200 | 108/8, 99/106 .5 96/96
29 VCF VCF vee 3 1 1 11129 90.5 t 133 | 162/121 150/159 144/ Lbd,
2% {ve {viw fvw ] oL 2 2} 3z 327 00 | 60/54 112,5/78 88/66
27 {VeF JVCF {viw | 1 1 2 a5t a2y 240 | 72/60 71/70 111/84
28 VCF VCF | VIW 1 1 2 200 200 180 | 108/84 93.5/91 147/114
29 L VW vee L 1 1 327 327 327 | 60/54 94/72 60/54
n WCF { VoF jvec | 1 1 1 {200 {20 200 } 108/84 | 92.75/% 96/84
3 VEF 1 VCF Vee 1 1 1 138 138 133 | 1627121 140/13% 1447120
32 1 HZS | VIW }vee | 1 2 1} 708 | 705 705 | 0/24 46,5/ 0/24
33 VeC VD | Voo 1 2 1 503 1 504 505 | 42/30 60/50 42/3%
3% tvec {viw | VIW | 1 2 3 {360 {257 300 } 60/54 104/72 43/66
35 jVeC [ VCF } VCC | 1 141 32t 3 322 | 72/54 56,5/56 | 60/5
~ 3% | VoF | VCF | viw | & 1 3 {277 | 257 201 72/60 70.25/65 111/2%
37 LVCF O VCF j VW | 1 1 3 |22 | 200 180 | 108/84 86.5/83.75 | 147/14
38 jvce fviw §vie | 1 3 4 | 30 | 257 00 | 60/54 113/72 84/72
39 LveF {VOF [ VW | 1 1 4L 100 | 257 20 | 72/60 66,5/63 108/90
40 Y VCF JVCF i vTW | 1 1 L1225 120 190 | 108784 88/78.75 144/120
41 | HzZ8 | viw | vCC 1 3 1 1891 | 705 705 | 36/2 45/32 20/2
42 tvee {vp [vee 1 3 1 {600 | 514 585 | 42/ 60,48 42/
43 vee Ve vee 1 1 1 360 360 322 t 72/54 51.25/46.5 60/54
VCF = Vertical Centrifugal-fabricated
VCC = Vertical centrifugal-cast
VIW = Vertical turbine-wet pit
VID = Vertical trubine-dry pit
RZ5 = Horizontal double suction
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SEPPING REQUIRFMINTS

TAH

Tudd e

Sue., § Impeller
amp Specific Speed NESH Hequired {£4) Sigmn Cond, {Peia) Below W5, (Hs) (£1)
Ne, ALG B W, A.C B, W, A0, LB W P By L.0, BN ¥,
1 6,000 | 5,346 | 0,006 kY A 27,5051 0,750 10,635 10,6882 3o .17 ECINASH 24,8951 27
2 6,160 &,570 t, 273 Y 7.0 7,947 LT L675 Rt 1.4 10,99 29,073 7
3 6,340 &, 370 ) 32,1 iz el W75 v LT A 3,17 29,495
4 [EONA SO W VA 33,5 LTI0OE LEEE L LTl L LiLg § 10,499 25,073
5 F 6,570 1 447G 18.7 SIS0 b L ASe A 317 .
£ 5, 3% el 230 k L0056 el 1.5 0.66
7 6, L0 | B8 3l .0 38R 667 1.5 (66
A 6,000 § 4,580 6,003 il H. 2 21,831 L5580 1.5 0,66
+ 5,640 5,640 5,641 S 34,1 32,000 000 14,7 G, %
1G4 5,680 1 4,590 | 5,6031 300 L 23,6 | 37.000) 600 4.7 OLE L=ESest 0,565
11 2,680 1 4,210 | 5,708 30 23,3 3,000 4,7 G, 30 w2 505
12 b 4,810 | 3,710 § 4,743 izobozh.4 b oRL00Y y 31,495
13 4, T PATAS ] i 3.1 29,495 31,595
L 4,930 1 4,00 ; 22,0951 27,995
LB A A0 | 3,450 25,0001 22,8064 77
6§ 4,710 | 4,070 10,0067 28,5001
17 4,570 4,610 28,00 4L H06E e
13 3,000 3,030 LG 29,0730 26,0738 2
19 3,535 3,560 23,977 31,073 ; g S
2001 3,50 1 3,50 32,000 wfs, 119 _
s 3, 560 32,000 w119
22 3,660 32,000 -1, 865
23 3,600 32,000 -6, 110
2 3,740 374NN ;
25 b 260 3,775 32,0001 —
6 . 3,660 41,8 3,180
27 2 o 2,750 31,82 24,3800 33,
28 2, LK 31,820 26,0801 3000
2% 2,700 F 2,700 32,000 3 5.930
on 2,760 1 2,950 32,006 _ _
3 2,880 1 2,8 32K
32 2,110 § 3,520 32,000
33 2,115 ¢ 3,560
42,390 | 2,870
35| 2,380 § 2,30 1 2,345 %6} 40,0 | 32,0000 180 | .200 {160} 18,0 § a0 | ezaigl  Ladd -oue
3% ENCETIR BT AR ) s
7 2,230 1 2,340 | 4,004
38 2,020 | 3,300 | 4,772
3 2,130 1,828 | 4,028
40 2,110 1,994 1 5,0871
41 1,975 2,840 11,46
42 F 1,500 | 2,930 { L462% 34 23,0
43 1,559 ¢ 1,360 § 1,39 34 45,2

7.06L:
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TABLE 6

MOTOR_CAPACITIES, WREIGHTS, & COSTS
B.J.
Pump Rated Horsepower £st, Motor Cost (%) A,C, Weights (1bs ) {ibs,) Wt
NQ. AC B W. AC. Add Ll Bud ¥ Stator Rotor Total Mator
1 600 600 600 19,590 3 25,500 27,500 3,700 6,100 11,900 12,200
2 900 800 300 28,970 33,000 45,000 4,900 6,500 15,000 13,000
3 1,500 1,25 1,250 46,690 49,000 55,000 8,700 11,800 29,300 80,000
4 1,750 1,500 1,500 55,300 59,000 73,000 10,600 10,500 26,000 85,000
o 2,50 2,000 2,250 1 _77,130) 114,000 91,000 13,500 13,300 41,500 | 120,000 .
; 350 350 350 8,020 19,000 12,500 2,050 3,050 7,000 5,800
¥ 1,250 1,000 1,250 37,170 27,000 45,000 8,200 8,200 21,500 12,500
3 2,250 2,000 2,250 69,110 100,000 82,000 12,000 16,600 38, 300 90,000
9 2,000 2,000 2,000 68,210 5,700 &0,000 42,000 21,000 12,000 42,000 50,000
10 6,000 }_ 5,500 | 9,500 } 202,660 17,570 { 216,000} 205,000 .1 99,0001 . .36,000 | 205,000 } 150,000
1l 13,000 { 12,000 | 12,000 | 442,210) 40,750 430,000 450,000 | 135,000} 72,000 { 280,000 | 350,000
12 1,000 €00 1,000 25,860 33,000 35,500 3,900 6,650 12,500 11,400
13 2,000 2,000 2,250 56,850 69,000 77,000 10,600 10,500 26,000 85,000
14 2,500 3,500 3,500 96,840 135,000} 136,000 20,200 14,500 50,800 | 120,000
15 . 420 420 450 9,700 . 12,000 14,800 12,1004 3,100 | 7,300 § 5,400 -
) 1,250 1,000 1,250 20,970 35,000 35,500 4,100 7,00 13,400 12,000
17 2,250 2,000 2,250 61,710 67,000 77,000 9,700 13,000 31,500 80,000
18 1,740 1,750 1,750 48,420: 61,000 73,000 9,800 9,700 24,500 80,000
19 3,500 3,500 3,500 94,840 113,0001 132,500 13,500 18,300 41,500 | 120,000
O 200 BOO 800 1 15,4904 S 16,300 2,550 4,000 8,450 | 6,300
21 1,500 1,500 1,500 34,960 43,000 5 5,600 7,100 16,500 13,400
22 4,000 4,000 4,000 94,980 #9,0004 138,000 34,000 15,000 72,000 70,000
23 4,500 4,000 4,500 1 118,020 103,000 138,000 21,200 15, 900 Yz A0 |1 H,000
24 10,000 | 10,000 § 10,00 1 261,670 6,410 23,0000 350,000 1 113,000 41,000 | 240,000 § 200,000
e 25,000 22,500 | 25,000 § 679,900 17,110 { 720,0004 740,000 | 220,0004 92,000 § 400,000 350,000 -
26 4,500 5,500 6,000 T 131,920 ] 61,0001 174,000 7,000 17,600 20,000 { 110,000
27 9,000 9,000 9,000 | 218,3%01 11,330 224,0004 265,000 63,000 40,000 | 130,000 } 110,000
28 15,000 | 15,000 § 16,000 | 379,460} 20,09 390,000 450,000 92,000 50,000 | 210,000 { 275,000
29 5,500 5,500 5,500 | 131,940 1,810 152,0001 165,000 37,000 17,000 80,000 | 40,000
30 16,000 § 15,000 1 15,000 | 396,730 21,290 360,0001 460,000 97,000 53,000 | 220,000 | 275,000
21 35,000 | 35,000 § 35,000 | 907, 49,010 950,00011,000,000 § 270,0001 100,000  490,0000§ 400,000
32 1,500 1,500 1,500 21,040 28,500 34,500 3,700 4,500 10,000 | 83,000
33 3,000 3,000 3,000 63,180 79,000 102,000 S,000 11,100 25,000 20,000
34 3,000 2,000 #,000 | 767,050 08,0001 205,000 42,000 20,000 90,000 | 110,000
39 9,000 9,000 9,000 | 203,550 18,330 193,000f 297,000 | 50,0001 24,000 | 102,000 } 110,600 -
36 12,000 1'12,0007F 13,000 | 255,960 6,350 280,000] 240,000 97,000 53,000 1 220,000 { 110,000
3/ 22,500 t 20,000 | 22,500 | 522,240) 13,160 514,000 628,000 § 115,000 75,000 | 250,000 | 350,000
3 10,000 | 10,000 | 10,000 | 200,330 247,000% 245,000 50,000 23,000 | 108,000 } 110,000
39 15,000 | 15,000 | 16,000 | 315,640 18,190 343,0001 395,000 { 100,000 48,000 | 190,000 { 110,000
4D 27,500 { 25,000 § 27,500 | 606,8301 18,380 | 635,000) 720,000 § 120,000 73,000 1 260,000 | 350,000
T4l 7,500 | 73,000 3,000 38,990 52,000 57,5007 6,700 16,000 26,000 20,000
42 6,000 6,000 6,000 | 117,390 125,000 163,000 30,000 20,000 72,000 | 120,000
43 18,000 | 18,000 § 18,000 | 336,680 356,000 555,000 70,000 50,000 | 150,000 | 110,000

®Inciude additional for high starting Lorgue
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TARLE T

FUMP MATERIALS
Pugnp Reguiremenis Coptractors! Alternate Coptrectors’ B.s: cmpendetion
Noo. 1ALt & Alt, & £.0. Bode 0, L BaGa ¥,
T | NR/M/NR | RR/MAR/NR | NH/SS/ WR/SS/55 | NR/SS/SE | NB/5S/ NR/SS/SS NR/SS/NR
2 NR/M/NR MR/ NAB/NR NR/SS/ MR/55/55% | NR/SS/SE | WR/58/ NR/53/58 | NR/SS/NR
3§ NEAM/NR  § WR/MAB/NR | MR/SS/ NR/S8/SS | NR/S5/8E | MR/SS/ NR/8S/8S | NR/SS/NR
4
5

NR/AG/NR® | HR/NAR/NR® | NC/SS/NE | NR/SS/SS | NR/SS/BE | NG/BS/NC | WR/SS/SS | NR/S5/MR
_____ | NR/M/NEH | NB/NAB/NR® | HC/SS/NC | NR/BS/SS NR/SS/SE __NC/SS/NC_ NR/BE5/55 | NR/SS/HR. o
NR/S5/NE | NR/NAB/BR | WR/SS/ WR/S5/8F '} NR/5S/SE | NR/SS/ HR/S5/58 1 NR/SS/NR
NB/SE/NR | NR/NAB/NR HR/ 55/ NR/8S/SF | NR/SS/BE | NR/SS/ HR/55/55 | HR/SS/NR
NR/SS/NR®E NR/NAB/NR® | NC/SS/NC | SE/SS/SS | NR/SS/SE | NC/SE/NC | 88/58/58 NR/S8/NR
G 85/58/88 1 NR/SS/NR NC/83/NC t NR/SS/SF | NCL/TB/ HC/SE/NC | NR/3S/SF | NCI/TR
10} 8S/88/SS | WR/S5/NR NC/SS/NC | SF/SS/85 | WCI/TR/ | NC/SS/NC | BF/BS/83 | NCI/TH/
11T 85/EE/EETINR/S5/NR T NG/88/0G T SF/85/55 | NCT/TR We/58/NC T 8F/85/58 TRCL/TB/
iz NR/M/NR ME/NAB/NR NR/58/ NR/SS/53 | NR/S3/SE | WR/SS/ WR/S8/55 | NR/SS/NR
13 NR/M/NE NR/NAE/NR NR/8S/ NR/S56/58 | NR/SS/SE | WR/SS/ NR/55/58 | NR/S5/NR
14 NRAM/TE* | NR/NAB/NR# | NC/SS/NG | NR/SS/SS | MR/SS/SE | NC/SS/NC | NR/5S/SS | NR/SS/NR

o o T as/ss/ | CL/B/S CIL/TB/S  S8/88/ CI/B/S | CL/TB/S
16 - - 55755/ CI/B/% oi/ve/5 | 88/s58/ C1/8/8 C1/TB/S
17 - - 58/85/ CI/B/8 CI/TB/5 55/83/ CI/B/S CI/TB/S
18 Ni/M/NR NE/NAB/NR NR/88/ NR/BS/55 | NR/SS/SE | MR/S8/ NR/8S/53 | NR/SS/NR
15 HR/W/WR NE/NAB/NE NR/SS/ 55/55 | MR/SS/BE | HR/SS/ NE/88/8S | NR/SS/NR

20 | 5¢/sS/sS | NR/SS/NR | NR/SS/ | NR/SS/SF | NR/SS/ | NE/SS/ _ | MR/SS/SF | NR/SS/
21T 58/55/755 T NR/8s/NR NR/5S/ NR/SS/SF | NR/SS/ NR/58/ NR/Ss/sr | ONR/SS/
23 35/85/55 | NE/SS/NR WG/85/ NR/SS/SF | NR/SS/ NR/SS/ NR/SS/SF | NR/8S/
23 | S8/85/55 | NB/SS/NR NR/SS/ SF/58/85 | WR/SS/ NR/SS/ SF/S8/55 | NR/SS/
2 58/55/85 | NR/SS/NR NC/SS/NC | SF/S8/85 1 MR/SS/ NC/BS/NC | BF/SE/B8 | NR/SS/
25 | S5/85/85 | NR/SS/MR HC/SS/NC | BF/S5/SS § NR/SS/ NC/SS/NG | SF/58/85 | wR/88/
. NH/ES/NE | NE/NAB/NR | NR/SS/ NR/SS/8F | WR/SS/SE | NR/SS/ NR/SS/:»&» NR/BS/MR
27 NR/SS/Nh*| MB/NAB/NR® | NC/SS/NC | SF/SS/5S | NR/SS/SE | NC/SB/NC | 85/33/58 | NR/SS/WR
28 NR/GS/NR*| WR/NAB/NR* | NC/SS/NC | 8F/S5/55 | NR/SS/SE | NC/SS/NC | S5/58/83 | MR/SS/IR
bt 55/55/55 | NB/SS/NR NR/5S/ NR/SS/SF | NR/SS/ HR/55/ WR/88/SF | NR/SS/

30| 85/88/85 | NR/SS/NR NC/SE/HC | BF/58/585 | NR/8S/ NC/SS/NC | 8F/85/5S | NR/SS/

317 85/58/55 | NR/SS/NR AC/SS/NC | 8F/8s/85 ) NR/SS NC/as/Mc b BF/8S/55 | iR/ss/

3z 88/E8/55 | NR/SS5/NR NR/BS/ NR/SS/SF | NR/SS/ NR/SS/ NR/SS/EF | NR/SS/

33 | 88/85/55 { NR/5S/NR NR/S5/ NR/5S/SF | NR/SS/ NR/SS/ NB/S5/SF | MR/SS/

3} NR/SS/NR | ME/NAB/NR | NR/SS/ NR/55/5F | NR/SS/EE | NR/58/ NB/S5/SS | MR/SS/KR

35 1 55/58/55 | NR/SS/NR NR/SS/ | BF/85/85 | NR/55/ NR/SS/ | SF/SS/Ss { WR/SS/

% NR/SS/ MR | NR/NAB/NR® | NC/SS/NC | SF/S3/3S | NR/SS/SE | NC/SS/NC ! 85/S5/58 | NR/SS/NR
37 NR/55/Nrx | NR/NAB/NR®* | NC/SS/NC | SF/SS/SS | NR/SS/SE | NC/S8/HC | 85/85/SS | NR/SS/NR
3¢ NR/GS/NR | NR/NAB/NR NR/58/ NR/SS/S3 | HR/SS/5% | NR/8S/ NR/SS/53 1 NR/SS/NR
39 WR/SS/NR*4 NR/NAB/NRx | NC/SS/NC | SF/88/56 | NR/SS/SE | NC/S5/NG | 55/55/55 | NR/SS/NR
40} HB/SS/NRw| NR/NAR/NR* | NC/SS/NC | SF/88/58 | MR/SS/SE | NG/SS/NC | 8/55/S5 | NB/SS/NR
411 85/85/85 | WR/SE/WR NR/5S/ NR/SS/SF | NR/5S/ NR/SS/ NR/5S/SF | NR/SS/
42 85/55/55 | NR/SS/NR NR/55/ WR/SS/5F | NR/SS/ NR/BS/ NR/SS/SF | NR/SS/
43 | 88/88/85 | NR/SS/MR NR/5S/ SF/55/58 | NR/SS/ NR/SS/ SF/SS/8S | NR/SS/

B = Brongze HCI = Ni-Cast Iron SF = Steel Fiberglass Clad
€I = Cagt Iron NR = Ni-Resist TB = Tin Bronze
M = Monel & = Steel -Cage or bowl
HAB = Ni-Al-Bropase 38 = Stainless Steel z _/—j
NC = Ni-Copper SE = Steel Epoxy Clad
Impeller- -~ Column or stayring
38
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