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FOREWORD

The Technical Inquiry Service answers inquiries from overseas
on factory or commercial establishment, operdtion, management, .
and engineering. This report is one of a series bagsed on
these technical inquiries.

This report is designed to provide only a general picture of
the factors that must be considered in arriving at a decision
to establish a factory of this type. In most cases, plans
for actual installations will require expert engineering and
financial advice on the spot in order to meet specific local
conditions,

Mention of the name of any firm, product, or process in this
report is not to be considered a recommendation or endorsement
by the International Cooperation Administration, but merely a
citaticn that is typical in its field.

The report was prepared by John F. Holman & Co. Inc.,
4000 Massachusetts Avenue, Northwest, Washington, D. C.
Technical information, as well as review, was provided by
the Hydraulic Institute, the Machinery Dealers National
Association, and others listed in the Acknowledgments,

For further information and assistance, readers should contact
their local Productivity Center, Industriuzl Institute, Servicio,
or United States Operations Mission.
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CENTRIFUGAL PUMPS AND VALVES

INTRODUCTION

The manufacturing plant described in this brochure is designed to produce
centrifugal pumps and valves suitable for use in water supply lines.

GENERAL ASSUMPTIONS

In order to make realistic estimates, certain assumptions have been made.

These are:

1.

That adequate electric pover, vater, and sanitary
facilities are available at the site;

That adequate tramsportation facilities are
available at the site;

That there is an existing market for the type of
pumps and valves listed above;

That iron and steel castings, bearing components,
bronze trimmings and shafting are not generally
available locally but must be imported;

That all costs for buildings, equipment, materials
and supplies are based on costs in the United States;

That experienced machine tool operators and mechanics
are available locally;

That all estimates are based on one 8-hour work shift
per day 5 days a week, or 40 hours per week;

That while general assumptions will be made for each
of the following items, for the purpose of completing
cost estimates, adjustments should be made in accord-
ance with actual local conditions:

HNICAL INQUIRY SERVICE



a. Freight or transportation costs in aad out;
b. Distribution and sales costs;

¢. Interest on capital, taxes, and insurance;
d. Value of land required;

e, Labor costs.

PRODUCT DESCRIPTION

The heavy duty water valves and centrifugal pumps being
congsidered in this study are generally illustrated in
Figures 1 and 2; and illustrated in more detail in
Appendix II at the end of this study. In view of the
many various designs and sizes that may be manufactured
to meet the water-handling needs of a modern industrial
city, it is recommended that the plant owner carefully
study the exact needs of his potential market before
completing hic planning.

Appendix II coutains scme basic data and observations
concerning the commcn types of equipment, their limita-
tions, their design and manufacturing problems, parts
interchangeability, performance characteristics, and
materials of construction. It is not expected that
these data will be sufficient for an industrial
engineer to use in planning a production program for

a gpecific locality; but they are included to introduce
the reader to the scope of these equipments.
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Figure 1. Exterior Views, Wedge Type Gate Valves



Figure 2, End Suction Volute Pump, Top Discharge



MANUFACTURING OPERATIONS

It has been assumed that pump casings, pump impellers, valve bodies and
valve gates will be purchased as commercial grade castings. Pump bearings
will also be purchased,

The principal machining operations for the manufacture of pumps and valves
are the same. They are planing, milling, boring, turning, and drilling.
Additional operations for pumps call for dynamic balancing of the impeller
and shaft, and tapping of the case to receive the cap screws or studs for
assembling the case,.

Completed parts will be assembled into complete pumps and valves and tested
for performance or tightness as the case may be. Units passing the tests
are ready for delivery or storage., Units failing on test must be corrected
and returned for further tests.

The following breakdown of valve and pump production has been assumed for the
purpose of establishing a minimum size operation that may be operated profit-
ably. The distribution of sizes and quantities has been established as the
probable sales pattern that may be expected and which will develop the gross
volume of income to justify the costs of the fixed assets.

PRODUCTION PROGRAM

Annual Gate Valve Production Assumption

Size Quantity Price Estimated Actual
(in.) each sales sales
($) income income
4 1000 80. $ 80,000
© 8 600 215, 129,000
12 200 490, 98,000
16 100 920, 92,000
$399,000

Annual Centrifugal Pump Production Assumption

Outlet Quantity Price Estimated Actual
size each sales sales
(in.) (%) income income
1% 500 140, $ 70,000
3 200 340. 68,000
6 100 985, 98,500
10 20 1,585, 31,700
$268,200

Grand Total Sales $667,200



MANUFACTURING UNIT

In order to reduce machine setup time during manufacture, it is essential
that the various parts of the valves be put through the plant on a lot or
batch basis, It is also important that the same item be usable on as many
different valve sizes and pressures as possible, Bolt sizes, for example,
should be kept as low as possible. Stem sizes should also be kept at a
ninimum.

Every part produced should be checked against a standard for fit and size.
Only in this way can final assembly of the valves be accomplished without
difficulty. It also guarantees that replacement parts will fit valves in
service that need repairs.

Lot sizes of parts will depend upon sales and the sizes of valves that are
in biggest demand.

DIRECT MATERIALS

The material used for pump bodies for water works service is generally
grey cast iron, Special parts, however, such as bearings, impellers,
wearing rings, seals, etc,, are bronze, stainless steel, or brass, as
service conditions dictate. Only local conditions and uses can establish
the extent to which special metals or alloys must be used.

The direct materials for water service valves are grey cast iron for the
bodies, brass for the seats, and steel for stems. Bolts are also of steel.

Supplies used in connection with the manufacture of pumps and valves are

primarily machine tool cutters, cutting oils, drills, paint, and electric
power,

PRODUCTION TOOLS AND EQUIPMENT

When selecting equipment for the initial plant, it is deemed better to
select equipment so that about half of it would be suitable for handling
large pumps and valves and the other would be suitable for medium sized
punps or valves, While the cost of finishing small pumps and valves may
be slightly higher than if smaller and faster machine tools were selected,
production cests would still be lower than if medium sized valves were
finished on the large machines and the small machines forced to remain
idle.

The following suggested equipment, therefore, will find use in a wide
range of sizes of pumps and valves,



No. Power Cost Total Actual
Operaticn Machine reqd. unit each cost cost
Jigs and standards . - - $ - $ 25,000
Milling Milling planer 3 5 hp 40,000 120,000
30"x30"x8"
Milling Universal milling 1 3 hp 7,000 7,000
mach. #2
Cutting Slotter 24" 2 3 hp 12,000 24,000
Cutting 48" vertical 3 10 hp 60,000 180,000 .
boring mill
Cutting 20" horizontal 3 5 hp 25,000 75,000
boring mill
Cutting 16" turret lathe 4 10 hp 15,000 60, 000
Drilling Floor-type drill 3 % hp 650 1,950
press
Drilling Radial drill 1 2 hp 14,000 14,000
(4' arm)
Balancing Dynamic balancer 1 1 bhp 6,900 6,900
Valve Pump and misc. 1 1 hp 2,500 2,500
testing equip.
Pump Motor and misec, 1 50 hp 15,000 15,000 ___
testing equip.
Handling Overhead crane, 1 3 hp 12,000 12,000
5=-ton
Handling Portable jib hoist, 1 - 3,000 3,000
2-ton
Delivery Flat bed trucks 12 - 75 900
Pickup truck 1 - 2,750 2,750
Total $550,000

While the above estimated prices are for new equipment, there is a large supply
of excellent reconditioned machinery that is available at prices from 30 to 50

percent below those quoted above,



OTHER TOOLS AND EQUIPMENT

It is customary for machinists to have their own tools, etc., Other and
special tools will be supplied by che manufacturing company,

Jigs and standards will have to be produced as the design of each series of
valves or pumps is adopted by the management, It is impossible to estimate
the cost of these items until designs have been established., The sum of
$25,000.00 is not unreasonable, however, and has been included in the overall

cost estimate,

Material-handling trucks will be required to carry the various lots of
material through the various departments for processing.

FURNITURE AND FIXTURES

Administration offices should be provided for the president, treasurer,
auditor, payroll clerk, billing clerk, general manager and his assistant,
engineering and design department, and a sales manager and his staff, Shop
offices would be provided for the shop superintendent and his foremen, An
office would also be provided for the shipping clerk and his men.

A total of twelve desks and the necessary filing equipment would be sufficient
for the shop offices.

Administrative office equipment is estimated to average $300.00 per offict

or $3,600.00, Shop office equipment is estimated at $200.00 per office ox
$1,000.00, or a total of $4,600.00.

PLANT LAYQUT

The flow of the material from the raw material storage to the first test phase
is illustrated in Figure 3.

There is no back-tracking and the material moves from the storage area in two
independent lines. In the first are the smaller items such as valve stems,
discs, impellers, packing glaands, etc., which are processed on the lathes,
drill presses, and small milling machines. At the end of this processing

the small parts that are to be incorporated in valves continue on the valve
assembly bay. Those that are to be incorporated in pumps are transferred to
the other side of the shop to the pump assembly bay.

The second production line handles the processing of the heavier castings for
valve and punp bodies. The first operation in this line is to finish the
principal plane surface on the milling planers. This operation then estabe
lishes the base for all subsequent operations., At the end of this line, pump
casings continue on to the pump assembly bay while valve body components are
transferred across to the valve assembly bay on the opposite side of the shop.
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Since a check for fit and size has been made as the parts progregs through
the plant, no difficulty should be experienced in the final assembly. The
size of the plant is also indicated in Figure 3.

PLANT SITE

To provide adequate space for storage and for eventual expansion, at least
5 acres of level, well-drained land is required.

The site should be located as advantageously as possible with respect to
transportation, electric power, sources of skilled labor, and the markets.

BUILDINGS

The plant should be the standard prefabricated steel building divided into
bays. The building should be 70 feet wide by 180 feet long. FProvisions
should be made for ample ventilation. The cost for the building, complete
with floor, is estimated at $75,000.00,

A covered storage shed of approximately 2,000 square feet will be required
for the storage of supplies of steel and special parts that should be stored
out of the weather. The estimated cost of this building, with racks, but
without a floor, is $8,000.00.

A one-story office building of approximately 1,000 square feet will be
required, The estimated cost of the building is $6,000.00.

POWER

It is assumed that a dependable source of electric power is available from
the local power company. The total power required, based on the connected
horsepower of all the motors, is approximately 150 kw. The estimated annual
cost of power is $4,500,00,

FUEL

There is no requirement for any special fuel in the manufacturing processes.
Fuel for heating the building during cold weather is determined by local
requirements, and is estimated here at $1,200.00.

-~ 10 -
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WATER

Very little water is required except for washroom use by the employees. A
nominzl estimated annual cost of $150.00 is being allowed,

TRUCKS

Small flat-bed trucks will be used to move the small and medium sized
materials from department to department. Castings for the larger sized
valves and pumps, which range from 500 pounds to 1,000 pounds, will be
handled from storage direct to the first operation by overhead crane ¢.
by the portable 2-ton jib hoist, as the occasion dictates,

For the small and medium sized parts, at least a dozen flat=bed trucks
will be required. These are estimated to cost $75.00 each or a cotal of
$900.00. In addition to these, a one-ton pickup will be required, which
is estimated to cost $2,750.00.

FIXED ASSETS

Estimated Actual

Land - 5 acres $ 1,400
Plant Building 75,000
Office Building 6,000
Storage Shed 8,000
Plant Equipment and Truck 550,000
Office Equipment 4,600

Total Fixed Assets ’ $645,000

- 11 =
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WORKING CAPITAL

Item Estimated Actual
_ cost cost
Direct materials 30 days $ 12,658 .
Direct labor 30 days 18,692
Indirect operating
costs 30 days 5,921
Reserves for sales
collections 30 days 55,600
$ 92,871
CAPITAL REQUIREMENTS
Estimated Actual
Fixed assets $645,000
Working capital 92,871 .
$737,871
DEPRECIATION
Item Estimated Life in Est. annual Actual
cost years depreciation depreciation
Buildings $ 89,000 20 $ 4,450
Factory equipment 547,250 15 36,483
Truck 2,750 5 550
Office equipment 4,600 5 920
$42,403



ANNUAL DIRECT OPERATING COQST

Item Estimated Actual
cost cost
Direct matevrials:
Valves program $113,017
Pumps program 38,3889
Direct labor:
Valves program 146,222
Pumps program 77,778
Total $375,906
NOTE: See Tables I and II
ANNUAL INDIRECT OPERATING COST
Item Estimated Actual
cost cost
Supplies and indirect materials 3 8,700
Power 4,500
Water 150
Fuel 1,200
Indirect labor 39,000
*Miscellaneous 17,503
$ 71,053

* Includes factors for spoilage, employee benefits, medical costs,

contingencies.
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ANNUAL COST OF PRODUCTION T.ABOR

Type of Workers Hourly Estimated Actual
work needed rate annual annual
pay _pay
Skilled 15 $4.00 $120, 000
Semi~skilled 10 3.20 64,000
Unskilled 8 2.50 40,000 —
$224,000
ANNUAL COST OF INDIRECT LABOR
Item Persons Estimated Actual
needed annual annual
salary galary
Manager 1 $ 15,000
Engineer 1 10,000
Bookkeeper 1 6,000
Secretary 1 4,000
Utility man 1 4,000
$ 39,000
ANNUAL OPERATING BUDGET
Egtimated Actual
Direct operating costs $375,906
Indirect operating costs 71,053
446,959
General & administrative costs 120,161
Profit before taxes (15%) 100,080
$667,200
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GENERAL & ADMINISTRATIVE COSTS

Item Estimated Actual
costs costs
Interest on loans $§ 2,786
Insurance 2,000
Legal 1,000
Auditing 1,200
Sales, travel, bad debts,
discounts, allowances 106,875
Advertising 1,000
Office supplies ‘ . 300
Contingencies 5,000
$120,161

MANUFACTURING COST ANALYSIS

Until pump and valve designs are established it ig impossible to estimate the
shop cost of any item. One way to secure a reasonable estimate of the produc-
tion cost of an item, however, is to use a percentage of the material cost as

the labor cost. Labor cost, as a percentage of material cost, may vary widely

for different items but should be fairly stable within similar designs and

under similar shop practices.

Assuming that the design of the valves and pumps will permit use to a maximum
advantage of standards, jigs, and gages, a reasonable estimate may be obtained
by applying a labor percentage factor that has been found to be the experience

of similar industries.

Table I sets forth an analysis of the factory selling price, weight of the
valve, the average selling price per pound and per ton of valves from 4 inches
through 16 inches. There is a remarkable uniformity, with slight increases on
both the very small sizes and the large sizes. This can be accounted for by

the machine setup time and proportional time for machining.

The average cost of grey iron castings for valve bodies varies approximately
from 25 cents per pound for the lighter more complicated castings to 14 cents
per pound for the simpler heavier sizes, with 19 cents per pound as a good

average,
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TABLE I

125-psi Iron Body Wedga Type Gate Valves

(Outside Screw and Yoke)

Size of Approx.
valves weight
(in.) (1bg)
4 115
5 155
6 195
8 325
10 520
12 730
14 925
) 1275

Selling
price

(%

80
105
130
215
340
490
660
920

Average
price
per pound

69
68
67
67
66
67
71
72

(¢)

Average
price
per ton

—(9

1,380
1,360
1,340
1,340
1,320
1,340
1,420
1,440

A breakdown of the average selling price per pound can be approximated as

follows:

Direct Materials

Supplies

Labor (130% of Direct Materials)
Indirect Materials

Misc. and Shop Overhead

Total Operating Cost
Cost of Sales

Profit before Taxes

Total Selling Price

Estimated
cost Actual
per pound Percentage cost
of total per pound
19.0 28.3
.1 i
24.7 36.7
o2 .3
3.0 4.5
47.0 70.0
10.0 15.0
10.0 15.0
67.0 100.0

- 16



Table II sets forth an analysis of the factory selling price, weight of the
pumps, and the average selling price per pound and per ton of self-priming
centrifugal pumps, without motor or eogine, from 1-1/2 inch through 10 inches
with capacities at 50 foot head ranging from 40 gom to 1850 gpm. Horsepower
for this range of head varies from 1-1/2 hp to 50 hp,

"TABLE 11

Average Average

Qutlet Weight Selling price price
diameter of pump price per pound per ton

Size (in.) (1bs) (€)) (€)) (€))]

4 1-1/2 85 140 1.65 3,300

5 2 90 145 1.61 3,220

7 2 165 235 1.43 2,860
10 2 225 300 1.33 2,660
15 3 245 310 1.27 2,540
20 3 375 365 «9C 1,980
30 4 385 475 1.23 2,560
50 4 475 615 1.30 2,600
90 6 965 985 1,02 2,040
125 8 1175 1,520 1.30 2,600
240 10 1225 1,585 1.30 2,600

A breakdown of the average selling price per pound of these pumps can be
approximated as follows:

Estimated Actual
cost Percentage cost
per pound of total per pound
Direct Materials $ .19 14.5 -
Supplies .01 1.0 —_—
Labor (200% of Direct Materials) 38 29,0
Indirect Materials .02 1.5
Migsc. and Shop Overhead .18 14.0
Total Operating Cost § .78 60.0
Cost of Sales .32 25.0 S
Profit before Taxes »20 15.0
Total Selling Price $ 1.30 100.0

The average selling price per pound fcr both valves and pumps is well
within the market for manufactured items of this nature and should be a
profitable undertaking.

- 17 -



TRAINING

The principal classifications of skilled labor for this undertaking are lathe,
illing machine and drill press operators. Special consideration will have to
be given in the selection for the operation of the dynamic balancing machine
for balancing pump impeller assemblies. Assembly and Lesting of the completed
products should be manned by people of the same grade of skill as the produc~
tion phases. A program of training should be initiated to develop these skills
tc the highest degree possible. Inferior work can lead to excessive production
costs and a high percentage of rejected product components,

In some areas skilled operators may be available locally. 1In other areas all
the operators may have to be trained.

If skilled operators are not available, adequate training would be assured by
using one or more of the following methods:

A. If the plant is designed and installed by a competent
engineering firm, the contract should be negotiated,
if possible, on a turn-key basis. On this basis the
contractor agrees to operate the plant and produce the
quality and quantity of the product stated in the
contract for an agreed period of time. Such a contract
would assure adequate personnel training, since full
quantity and quality could not be produced with an
untrained organization.

B. The engineering firm that designs and installs the
plant car usuvally make training arrangements to have
key personnel placed, for training purposes, in a
foreign industry that produces the same type of product,
This would provide training for the key personnel while
the plant is being installed.

C. 1If neither of the above methods is possible, then
qualified and experienced individuals should be employed
for the key positions, either permanently or temporarily,
to perform the key operations and assist in training the
organization, even if they must be secured outside the
country.

D. The manager should have years of successful experience

in this type of business and be fully qualified in all
phases of management, including the training of employees.

- 18 -



SAFETY

The requirement for, and the cost of, a safety program can be justified on
either economic or humanitarian reasons. Some of the economic reasons are
reduced labor turnover, less machine shutdown time, machine repair costs,
and labor time lost through accidents.

It is recommended that the shop superintendent assume the duties of safety
officer for the work force ccnsidered in this report; or delegate parts of
the daily inspection duty in that regard to an assistant if the work force
greatly exceeds forty men. 1In general, the equipment manuals that are
usually furnished with each machine contain some guidance for the operator
to insure his own safety, and these manuals should be made available to the
operators. The most critical instructions for operator safety should be
displayed as warning signs on or near the machine. Some space provision
should be made for a clinic for emergency first aid treatment until the
injured person can be removed safely to a hospital or doctor's office,

The following safety considerations are briefly noted here only to indicate
the scope of the problem. They are arranged generally according to the
principal manufacturing operations involved.

Materials Handling: Safety shnes, leg guards, gloves, adequate working
aisles, no stacking of parts beyond safe limits,
segregation of inflammables, no overloading of
cranfs or vehicles.

Machine Operations: Goggles, gloves only under special circumstances,
no loose clothing to be caught in machinery, clean
floor, no hand tools left near moving machinery,
guards on all moving parts of equipment, ample
aisle space around machine for operator and move-
ment of parts.

In addition to manufacturer's manuals mentioned above, there is a large body
of safety literature to guide a plant operator. The U. S. Navy Safety
Precautions, OPNAV 34Pl, is available chrough the Government Frinting Office
and contains valuable guidance in the safe use of most manufacturing tools.
Industrial Accident Prevention, H. W. Heinrich, McGraw-Hill Book Co., New York,
is a standard text on the principles and techniques of industrial accident
prevention,




SUMMARY

A small plant, built and operated according to the assumptions made in this
manual would be a profitable undertaking.

There are some determinations, however, that should be made before a decision

is reached to build and operate such a plant. Among the necessary determina-
tions to be made ares thosc with respect to the following items:

MATERIALS AND SUPPLIES

Are the majority of materials and supplies available locally?

Is the local material market competitive?

4re satisfactory delivery of local materials assured at reasonable prices?
What materials and supplies must be imported?

. Are they available in world markets at competitive prices?

Would prompt delivery of imported materials and supplies be assured so
that large inventories would not be required?

[o xR U T < OV U S

MARKET FACTORS

1. 1Is there already a demand for the product?
A, Who are the priuncipal consumers?
B. Who are possible new consumers?

2. How is demand for the product now satisfied?

. What percentage of consumption is filled by local production?
. By imporcts? If so, what is the volume of annual imports?

. What‘'percentage of consumption is met by imports?

. From what areas are imports derived?

COw>»

=

3. What is the estimated annual increase in local consumption over the next
five years?

A, How were such estimates made?

B. By reference to official figures on population growth, family
budgets, imports, =ztc.?

C. By consultation with trade or industry, ministries, associations,
bankers, coumercial houses, wholesalers, retailers, industrial
consumers, <tc,?

. By local production? If so, what is the volume of annual production?

4, If the product is already being manufactured, can the existing and estimated
future local market absorb production of the new plant without price-cutting

or other dislocations?

5. Would the estimated sales price and quality of the new product make it
competitive with an imported equivalent?
A, After adjusting cost to local conditions, is the estimated
sales price of the product so high that tariff protection is
necessary to protect it from imports?

- 20 -
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EXPORT MARKETS

Could the product compete in export markets on the basis of price,
quality and dependability of supply?

Can export markets for the product be developed?

If so, in what areas and in what annual volume?

What procedures would be nccessary to davelop export markets?

What would it cost?

MARKETING PROBLEMS

In calculating costs of the product, has adequate allowance been made
for the expense of a sales department, advertising, and promotion that
might be required?

Do consumer prejudices against locally manufactured products exist?
A, If so, why?
B. Would they apply to the new product?
C. 1If so, how could they be overcome and what would it cost
to do so?

Do marketing and distribution facilities for the product exist?
A. 1If not, can they be set up?
B. What would it cost to do so?

Will the product be sold to:
A, Wholesalers?

. Retailers?

. Direct to consumer?

. Other industries?

Government?

moow

ECONOMIC FACTORS

How much foreign exchange (and in what currency) is required to import
machinery, equipment and supplies:

A. How much foreign exchange (and in what currency) is required
for annual interest payments and amortization of any loans
contracted to import machinery and equipment, or for payment
of royalties and technical services?

B. How much foreign exchange (and in what currency) is required
for annual import of raw materials and supplies?

C. What are estimated annual foreign exchange earnings and in
what currencies?

D. Has careful consideration been given to the possibility of
depreciation in the foreign exchange value of the local
currency?

E. Has careful consideration been given to the possibility of
import controls, or restrictions on availabilities of foreign
exchange necessary to operate the business?
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F. What benefits would the new business bring to the economy in
the use of local raw materials: in employment and in technology?
G. Do dependable facilities exist for transportation, power, fuel,

water, and sewage?

(1) 1If not, can existing deficiencies be eliminated
satisfactorily?

(2) What would be the cost to do so?

PERSONNEL

Is there an adequate skilled labor supply near the plant location?
A. If not, how can the problem be solved?

Can the problem of training competent management and supervisory
personnel be solved?

A, Also, the training of skilled labor?

B. Is technical advice available in the locality?

C. 1If not, where can it be obtained and what will it cost?

LAWS AND REGULATICNS

Do existing labor laws, government regulations, laws and taxes favor
establishment of new business?

A. 1If not, can existing obstacles be removed?

B. If so, how and when?

FINANCIAL FACTORS

Technical advice on selection of machinery and equipment.

A. In selecting the machinery and equipment for the new plant,
have reputable and competent engineers and technicians been
consulted?

B. Have they been asked for advice on the most suitable types
of machinery and equipment for the process and locality?

C. Have they carefully compared costs of various suppliers?

D. Credit terms offered purchasers?
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FINANCIAL REQUIREMENTS OF THE PROJECT

1. In estimating the cost of the project, has careful consideration been
given to:
A. The effect on costs of delays in construction schedules?
B. In delivery and installation of machinery and equipment?
C. In import of essential raw materials and supplies?

2. In calculating cash flow and working capital requirements, has careful
consideration been given to:
A, Maintaining adequate inventorizs of raw materials?
. Supplies and spare parts?
. Secasonal fluctuations in the “Susiness?
. The time required to liquidate credit sales to customers
and bad debts?
E. The period necessary to get the plant into production?
F. Cash required to amortize its principal loans?

Cc oOow

3. If the economy is in a period of inflation, has full allowance been
made for the influence of rising prices and wages on the cost of the
project and on working capital requirements?

SHORT TERM BANK CREDITS

1. Has it been possible to make arrangements with local banks to finance
short-time working capital requirements of the business?

FINANCIAL PLAN

1. Has a definite plan to finance the project been worked out?
A, Is sufficient capital available locally?
B. If not, what is the plan to obtain the required capital?
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APPENDIX I

ENGINEERS

The services of professional engineers are desirable in the design of this
plant, even though the proposed plant is small.

A correct design is one which provides the greatest economy in the invest-
ment of funds and establishes the basis of operation that will be most
profitable in the beginning and will also be capable of expansion without
expensive alteration.

The addresses of professional engineers who specialize in industrial
design, some of whom may be willing to undertake guch work on low cost
projects overseas, can be secured by reference to the published cards in
varicus engineering magazines. They way also be reached through their
national organizations, one of which is the

National Society of Professional Engineers
2029 K Street, Northwest
Washington 6, D. C.

Manufacturers of industrial equipment employ engineers familiar with the
design and installation of their specialized products. These manufacturers
are usually willing to give prospective customers the benefit of technical
advice by those engineers in determining the suitability of their equipment
in any proposed project.

The following are some of the Professional Engineers listed by the Board of
Registration for Professional Engineers of the District of Columbia by its
Department of Occupations and Professions, who are specialists in water
supply equipment.

Raymond W. Colton Robert J. Lyon

Munsey Building 805 Kerwin Road
Washington 4, D. C. Silver Spring, Maryland
Lester B. Knight Edwin C. Nelson

969 Hill Road 5448 Dawes Avenue
Winnetka, Illinois Alexandria, Virginia
Jerome H. Kovarik Joseph C. Nickels

1716 Oakcrest Drive 4502 Traymore Street
Alexandria, Virginia Bethesda 14, Maryland
Edward B. Landry Leonard Peller

12 Kentbury Way 1401 Arch Street
Bethesda 14, Maryland Philadelphia 5, Penna.

William M. Walker
5825 Osceola Road
Washington 16, D. C.
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APPENDIX II

PRODUCT SELECTION CONSIDERATIONS

Centrifusyal Pumps

Centrifugal pumps, as the name implies, depend on centrifugal force to move
liquids from low to high levels.,

There are four gencral forms of centrifugal pumps, the diflerences being in
the path of the liquid through the pump.

The volute-type of centrifugal pump is the simplest form. 1In chis type a
rotatin; impeller, located off center in the pump casing, picks up the liquid
from a suction inlet located at the center of the impeller hub. The liquid
is tnrown by the impeller and presses outward in the diverging pump case
toward the outlet. In this way the velocity head received from the high
speed of the impeller is changed to a lower velocity and a higher pressure

at the outlet. This type of pump is low in cost, easy to operate under a
wide variety of conditions, and not beset with many problems of wear. With
vacious types of impellers this type of pump is suitable for handling liquids
concaining solids or abrasive materials that would be disastrous to the close
tolerances required in the other types of centrifugal pumps.

An improvement in the simple volute-type centrifugal pump is the diffuser-
type pump. In the diffuser-type the impeller is surrounded py a group of
gradually expanding passages formed by expanding guide vanes in the pump
casing. In these expanding passages the direction of flow is changed and
the velocicy head converted into pressure head before the water enters the
outer portion of the cesing. The selection of the diffuser-type pump is
based on application requirements,

The turbine-type centrifugal pump, sometimes called a regenerative pump, is
so designed that it can develop several times the pressure that can be
developed by the volute-type pump having the same impeller diameter and
speed,

Tigure 4 illustrates the construction differences of the volute, and turbine
types of centrifugal pumps. Mhinufacturing operations required to produce
thre.se three types of pumps are simplest in the turbine-type and most diffi-
cult in the diffuser-type,.
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Figure 4. Cross Sections Through Centrifugal and Turbine Pumps

For low heads and large capacities, the propeller-type or axial flow pump is
most suitable. Its special field of application is for drainagz, irrigation,
sewage, and similar services. This pump has an open propeller or screw-type
lmpeller. Propeller-type pumps can have either vertical or hoarizontal shafts.
They are particularly suitable for low heads, Propeller-type pumps are not
generally suited to water works systems and are not considered within the
scope of this project.
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Pogitive displacement rotary gear pumps are not generally applicable to water
handling prob