
AGENCY FOR INTERNATIONAL DEVELOPMENT FOR AID USE ONLY 
WASHINGTON. D, C. 20523 a C( 

BIBLIOGRAPHIC INPUT SHEET 
.A. PRIMARY TEMPORARY 

r-L ASSI-

FICATION 

2. TITLE AND SUBTITLE 

The development of a water pump for underdeveloped countries,final report
 

3. AUTHOR(S) 
Frink,D.W.; Fannon,R.D.
 

4. DOCUMENT DATE S5.NUMBER OF PAGES t6. ARC NUMBER 

1967 1 66p.I ARC 

7. REFERENCE ORGANIZATION NAME AND ADDRESS 

Battelle
 

1. SUPPLEMENTARY NOTES (Sponsoring Organization, Publishers, Avaliability) 

9. ABSTRACT 

(SCIENCE AND TECHNOLOGY--Engineering--Hydraulics R & D)
 

10. CONTROL NUMBER I1. PRICE OF DOCUMENT 

PN-AAD-31 0 

12. DESCRIPTORS 13. PROJECT NUMBER 

14. CONTRACT NUMBER 

CSD-1434 Res. 
15. TYPE OF DOCUMENT 

AID 590-1 (4-74) 



RESEARCH REPORT
 

_ 
_ 

_ 

v-0J 


BAT TELLE MEMORIAL INSTITUTE
 
COLUMBUS LABORATORIES 



BATTELLE MEMORIAL INSTITUTE
 

COLUMBUS LABORATORIES. 505 KING AVENUES COLUMBUS, OHIO 43201 

DEDICATED TO TI" AOANC",ENT OF SCIENCE 

Aeronautics- Astronautics 
Agricultural Chemistry 
Agricultural Economics 
Alloy Development 
Applied Mathematics 
Area Economics 
Biochemistry 
Biophysics - Bionics 
Catalysis - Surface Chemistry 
Ceramics 
Chemical Engineering 
Chemical Processes 
Communications Science 
Computer Technology 
Corrosion Technology 
Earth -Atmospheric Sciences 
Electrochemistry 
Electronics 
Energy Conversion 
Engineering- Structural Materials 
Environmental Systems 
Extractive Metallurgy 
Extreme-Temperature Technology 
Ferrous Metallurgy 
Food Technology 

FIELDS OF RESEARCH
 

Foundry Practice 
Fuels-Combustion 
Glass Technology 
Graphic Arts Technology 
Immunology-Cancer Studies 
Industrial Economics 
Industrial Physics 
Information Research 
Inorganic Chemistry 
Instrumentation 
Light Alloys - Rare Metals 
Lubricant Technology 
Materials Separation -Concentration 

Mechanical Engineering 
Metal Fabrication Engineering 
Metal Finishing 

Metallurgical Processes 
Microbiology 
Microscopy - Mineralogy 
Nondestructive Evaluation Technology 
Nonferrous Metallurgy 
Nucleonics 
Ocean Engineering 
Organic Chemistry 

Organic Coatings 
Packaging Research 
Particle Dynamics 
Petrochemicals 
Petroleum Engineering 
Pharmaceutical Chemistry 
Physical Chemistry 
Production Engineering 
Psychological Sciences 
Pulp - Paper Technology 
Radioisotopes - Radiation 
Reactor Technology 
Refractories 
Reliability Engineering 
Rubber - Plastics 
Semiconductors - Solid-State Devices 
Sound - Vibration 
So n irin 
Systems Engineering 
Textiles - Fibers 
Theoretical - Applied Mechanics 
Thermodynamics 
Transportation 
Welding - Metals-Joining Technology 
Wood - Forest Products 



FINAL REPORT 

on 

THE DEVELOPMENT OF A WATER PUMP FOR
 

UNDERDEVELOPED COUNTRIES
 

to
 

AGENCY FOR INTERNATIONAL DEVELOPMENT
 

Contract No. AID/csd-1434
 

September 29, 1967
 

by
 

D. W. Frink and R. D. Fannon, Jr. 

BATTELLE MEMORIAL INSTITUTE
 
Columbus Laboratories
 

505 King Avenue
 
Columbus, Ohio 43201
 



AC KNOW LED GMENTS 

Grateful acknowledgment is given to the Agency for International Development and, 
in particular, to the Community Water Supply Section for the opportunity to participate 
in and contribute to such a worthwhile program. 

Special acknowledgment and thanks are given to Mr. Arthur H. Holloway, Acting 

Chief of Community Water Supply Section, and to Dr. Charles D. Spangler, Water Supply 
Consultant for Pan American Health Organization, for their guidance, encouragement, 
and assistance during the program. Special thanks are also given to AID representatives 
Mr. Hugh Tolley in the Philippines, Mr. John Brandt in Thailand, Mr. James 
Cassanos in East Pakistan, Mr. Robert Harris in India, and Mr. George Bell in 
Jordan. Without their help much of the information obtained overseas would not have 
been possible. The Battelle staff considered working with them a privilege. 

The contributions and support of the staff of Battelle-Columbus were also important 
to the success of this program. Appreciation is extended to Mr. Ronald Legue, 
Mr. Willard Slay, Mr. Lewis Nowacki, Mr. Robert Sharp, Mr. Donald Hackman, and 
Miss Dolores Landreman for their interest, assistance, and participation. 

BATTELLE MEMORIAL INSTITUTE 



TABLE OF CONTENTS
 

Page 

INTRODUCTION ............. ...................... 1
 

C ONC LUSIONS ........... ...................... 2
 

RECOMMENDATIONS ........ .................... 5
 

PROGRAM APPROACH ....... ................... 6
 

ANALYSIS OF UNITED STATES SURVEYS AND OBSERVATIONS . .... 6
 

Meetings with AID ...... . . .. . .......... ...... 7
 
Literature Search ...... .. . . ................. 7
 
Patent Survey. . . . . . . . . . . . . . . . . . . 7
 
Manufacturer Contacts . .. . . ................. 7
 

ANALYSIS OF FOREIGN SURVEYS AND OBSERVATIONS .7.. 

General Need for Pumps ... . .. . ...... ........ 8
 
Well Drilling Problems ..... . . . ............. 8
 
Pump Design Problems ..... ............. 8
 
Storage Problems ... .. . ... ..... ........ 8
 
Maintenance Problems ........ . . ........... 8
 
Acceptability Problems ........ . . . .......... 9
 

RESULTS OF TESTING PROGRAM .......... ............ 9
 

Cup Wear Analysis ......... .................. 10
 

Cup Wear with Plain-Steel Pipe Cylinders Coated with the
 

Cup Wear with Plain-Steel Pipe Cylinders Coated with the
 

Cup Wear with Plain-Steel Pipe Cylinders Coated with
 

Cup Wear with Guided and Unguided Pump Rods .. ...... 10
 
Shallow Well ........ ........... .... 10
 
Deep Well ......... ............. .... 10
 
Conclusions ........................... .... 10
 

Cup Wear with Single-Cup and Multiple-Cup Plungers.... . . 14
 
Shallow Well ........ ............ . . .14
 
Deep Well ........ ............... . .14
 
Conclusions ....... . . ............ . .14
 

Cup Wear with Various Cylinder Materials ... ...... .14
 
Cup Wear with Iron Cylinders .... ......... . 17
 
Cup Wear with Brass Cylinders .... ........... 17
 
Cup Wear with Plain-Steel Pipe (Schedule 40) Cylinder . . . 17
 
Cup Wear with Plain-Steel Pipe Cylinders with Coatings 18
 

Epoxy Phenolic Coating .... ........... .. 21
 

Tung Oil Phenolic Coating .... ......... .. 21
 

Moisture-Cured Urethane Coating ... . . ......... 21
 
Cup Wear with Plastic Cylinders ... ......... . 21
 
Cup Wear with Maya No. 6 Pump from Calcutta .. ..... 22
 
Conclusions ...... .. . . . ................ 22
 

BATTELLE MEMORIAL INSTITUTE 



TABLE OF CONTENTS 
(Continued) 

Page 

Cup Wear with Various Cup Materials ... .......... 22
 

Cup Wear with Cups Made from Rek-Syn (E. F. Houghton &
 

Company) ........ ................. 22
 

Cup Wear with Cups Made from Corfam Impregnated with
 

Urethane (E. I. Du Pont de Nemours & Company,
 
Incorporated) ....... . ............... 22
 

Conclusions ........ ................. 25
 

VALVE-TYPE EFFECTIVENESS ....... ................ 25
 

Flapper Valves ......... .............. ... 25
 
Poppet Valves ........ .................. 26
 

Conclusions ........ . ................ 26
 
Metallurgical Analysis ......... ............ ..... 27
 

Conclusions ...... . .. . . ................ 3Z
 

PUMP DESIGN ........... ...................... 33
 

Simple Piston Pump ....... ................ .. 33
 
Adaptation for Deep- and Shallow-Well Operation .. .. .. ... 34
 

Flexibility and Appearance ........ ....... .. .. 34
 

Flexibility of Technology ......... . ...... . . .. 34
 

Minimum Number of Components .... ..... ..... 35
 
Minimum Number of Threaded Connections...... . . .... 35
 
Corrosion Protection .......... . ......... .35
 
Adaptability to Low-Grade Materials ....... . ..... .35
 
Valves and Cups .......... .. ....... ... . .36
 
Cylinders ............ . .......... .. .. .36
 
Pump Rod Guide and Multiple Cup Plungers .... ....... . 36
 
Maintenance ........... ............ ...... 36
 

PUMP EVALUATION .......... ................... 37
 

PRODUCTION FACILITIES ........ .................. 37
 

Machine Shop .......... ..................... 43
 
Foundry ........... ...................... 45
 

FUTURE WORK ........... ...................... 46
 

Dissemination of Information .......... ... . . 46
 

Field Evaluation ............. ........ ... 46
 

Cup, Valve, and Cylinder Research ........ .. .. . 47
 

Cups .............. .......... ... 47
 

Valves ............. ......... ... 47
 
Cylinders. . . ................... 47
 

Educational Programs ............ ......... 48
 

BATTELLE M EMORIA L INSTITUTE 



TABLE OF CONTENTS 
(Continued) 

Page
 
APPENDIX
 

REPORT ON FOREIGN TRAVEL ... ............... . A-i
 

LIST OF TABLES
 

Table 1. Chemical Analyses of Gray Cast Iron Samples .. ...... 27
 

LIST OF FIGURES
 

Figure 6. Double Leather Cups After Test in Iron Cylinder of Shallow-Well
 

Figure 7. Double Leather Cups After Test in Iron Cylinder of Deep-Well
 

Figure 8. Leather Cup After Test in Brass Cylinder-Deep Well Pump with
 

Figure 9. Leather Cup After First Half of Test in Plain-Steel-Pipe
 

Figure 10. Leather Cup After Second Half of Test in Plain-Steel-Pipe
 
Cylinder - Deep-Well Pump with Unguided Pump Rod
 

Figure 11. Leather Cup After Test in Plain-Steel-Pipe Cylinder - Shallow-


Figure 12. Leather Cup After Test in Plain-Steel-Pipe Cylinder Coated with
 

Table 2. Elements in the Irons that Would Cause Brittleness ...... 32
 

Table 3. Machine Shop Personnel ... .......... ...... 43
 

Table 4. Foundry Personnel ....... ................ .45
 

Figure 1. Shallow-Well Version of AID Pump..... .. ............ 3
 

Figure 2. Deep-Well Version of AID Pump .... ... ............ 4
 

Figure 3. Laboratory Test Facility Over 12 -Foot-Deep Pool . ...... 11
 

Figure 4. Leather Cup After Test in Iron Cylinder of Shallow-Well Pump 12
 

Figure 5. Leather Cup After Test in Iron Cylinder of Deep-Well Pump . . 13
 

Pump .......... .................... 15
 

Pump ......... .................... . 16
 

Unguided Pump Rod ........ ................ 17
 

Cylinder - Deep-Well Pump with Unguided Pump Rod . .... .... 18
 

(Burred Cylinder) ........ .................. 19
 

Well Pump with Guided Pump Rod (Burred Cylinder) ........ 19
 

an Epoxy-Phenolic - Deep-Well Pump with Unguided Pump Rod . . 20
 

BATTELLE MEMORIAL INSTITUTE 



LIST OF FIGURES 

(Continued) 

Page 

Figure 13. Leather Cup After Test in Plain-Steel-Pipe Cylinder Coated with a 
Tung Oil Phenolic - Deep-Well Pump with Unguided Pump Rod . . 20 

Figure 14. Leather Cup After Test in Plain-Steel-Pipe Cylinder Coated with a 
Moisture-Cured Urethane - Deep-Well Pump with Unguided 
Pump Rod ......... ................... .21 

Figure 15. Leather Cup After Test in Plastic (PVC) Pipe Cylinder 
Well Pump with Unguided Pump Rod .. ........ 

- Deep­
. . . 23 

Figure 16. Leather Cup After Test in Iron Maya No. 
with Unguided Pump Rod ....... 

6 Shallow-Well Pump 
............... 23 

Figure 17. Synthetic (Resin-Elastomer) Cup After Test in Plain-Steel-Pipe 
Cylinder - Deep-Well Pump with Guided Pump Rod (Burred 
Cylinder) ......... .................. . 24 

Figure 18. Corfam Impregnated with Urethane After Test in Plain-Steel-Pipe 
Cylinder - Deep-Well with Guided Pump Rod (Burred 
Cylinder) .......... .................... 24 

Figure 19. Distorted Cast-Iron Poppet from Plunger Valve After Several 
Test Periods ......... ................... 26 

Figure 20. J.S.P.R. Company Iron ... .................. 28 

Figure 21. Korat Company Iron ................... .... 29 

Figure 22. Dacca Company Iron ....... ................ 30 

Figure 23. Maya Pump Company Iron ............. ...... 31 

Figure 24. Leather Cup After Equivalent of 1-Year Operation in Plain-Steel-
Pipe Cylinder Coated with an Epoxy Phenolic - Deep-Well Pump 
with Guided Pump Rod ....... ................ 38 

Figure 25. Leather Cup After Equivalent of 1-Year Operation in Plain-Steel-
Pipe Coated with a Moisture Cured Urethane - Shallow-Well Pump 
with Unguided Pump Rod . . . ................. 38. 

Figure 26. Plain-Steel-Pipe Cylinder Coated with Epoxy 
Life Test ...... . ................... 

Phenolic After 
. 39 

Figure 27. Plain-Steel-Pipe Cylinder Coated with Moisture-Cured Urethane 
After Life Test . . . . . . . . . . . . . . . . . . 39 

Figure 28. Leather Cup After Sand Test in Plain-Steel-Pipe Cylinder Coated 
with Epoxy-Urethane - Deep-Well Pump with Guided Pump Rod . 

B A T T E L L E M M 0 R I A L I N S T I T U T E 

40 



LIST OF FIGURES 
(Continued) 

Page 

Figure Z9. Leather Cup After Sand Test in Plastic (PVC) Pipe Cylinder 
Deep-Well Pump with Guided Pump Rod .. ........ 

-
.. 40 

Figure 30. Layout of Possible Foundry and Machine Shop to Produce the 
Proposed Pump ........ .............. .. 41 

Figure 31. Scale Model of a Typical Pump Factory - Machine Shop and 
Foundry .......... ................. .. 44 

BATTELLE MEMORIAL INSTITUTE 



THE DEVELOPMENT OF A WATER PUMP FOR
 
UNDERDEVELOPED COUNTRIES
 

by 

D. W. Frink and R. D. Fannon, Jr. 

INTRODUCTION 

This report describes the development of a hand-operated water pump suitable for 
both use and manufacture in developing countries. The program was organized in two 
phases: Phase I was a study to determine the requirements imposed upon hand-operated 

water pumps by various environments, to determine use patterns prevailing in less­
developed countries, to identify the short-comings of standard pumps, and to develop 

detailed requirements for the design of a suitable pump. Case histories of pump 

failures and successes were obtained from both AID personnel and from Battelle 
personnel visiting the developing nations. A design study was directed toward evolving 
a new pump without the shortcomings of standard pumps and well suited for manufacture 
in developing countries. 

Phase II included the design, construction, and evaluation of a production-model 

pump and formulation of a general plan for a typical small production facility based upon 
the design of the pump. The program was later modified to include specific critical tests 

to determine the functional characteristics of hand pumps currently manufactured and 
used not only in the developing nations but also in the United States. 

Basic pump specifications were established at the beginning of the program and 
prevailed throughout the work. These specifications are: 

(1) 	 Low production cost 

(2) 	 Long life under severe conditions 

(3) 	 Easy to mainta-n with simple tools and unskilled labor 

(4) 	 Suitable for shallow- or deep-well installation with only minor ,hanges 
(cylinder location) 

(5) 	 Capable of being manufactured in developing countries with a minimum 
of capital investment 

(6) 	 Easily operated by small people, including women and children 

(7) 	 Include design features which will discourage pilfering and vandalism. 

A shallow-well pump is defined here as a pump in which the cylinder is attached to 
the pump body above the ground. A deep-well pump is defined as a pump in which the 

cylinder is separated from the pump body and submerged below the level of the water 

being pumped. 
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As a result of this program, a basic pump design was evolved. Figures 1 and Z 

show two pumps constructed on this basic design. It is expected that these pumps will 
prove able to meet the original specifications and, in addition, to meet other require-

Even though these pump have the specific con­ments established during the program. 
figuration shown, manufacturers in developing countries should be encouraged to work 

to them and their market but whichout 	other configurations which are acceptable 
If this is done, the pumpincorporate the basic design principles outlined in this report. 

will be more readily acceptable to the local people. 

Subtle aspects of consumer acceptance always vitally affect design success, and 

attention must be given to the potential acceptance problem when this pump design is 

introduced into the various developing countries. Appropriate educational programs 

must be devised. 

Work following this program should include field evaluation of the pump and con­

valves, and cylinders.tinued research to provide improved cups, 

received from AID personnel, from representatives ofGratifying cooperation was 
and from several United States manufacturers. Avarious other Government agencies, 


program to disseminate to them the information acquired during this program should be
 

arranged.
 

A report of the trip made by Battelle personnel to selected developing nations can 

be found in Appendix A. 

CONCLUSIONS 

The following nine specific conclusions were drawn on the basis of the survey and 

the laboratory research conducted during this program: 

(1) 	 Battelle project team observations substantiate AID's conclusion that 

there is a serious need in the developing countries visited for hand 

water pumps, particularly in rural areas; if this need is comparable 

in other developing areas of the world of interest to AID, the challenge 

is tremendous and a major effort to alleviate the situation is indicated. 

(2) The state of the art in foreign countries relative to pump design is 

minimal and technical improvement is required in almost every 
aspect, particularly in the areas of design and materials utilization. 

(3) 	 Imported pumps are quite often too expensive for a developing nation 

and generally do not meet local requirements. 

(4) Better means for determining well sites and depths are needed. 

(5) 	 Maintenance programs are very poor: 

(a) 	 Needed skills are not available 

(b) 	 Responsibility for maintenance is not defined and maintenance 
records are not kept 
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(c) 	 Adequate inventories of good replacement parts are not readily 
accessible 

(d) 	 Cooperative, communal attitudes do not prevail in many villages 
that need pumps. 

(6) 	 The basic pump design devised during this program will meet the needs 
identified. 

(7) 	 Some additional work is advisable: 

(a) 	 Dissemination of information to interested agencies and 
organizations 

(b) 	 Field evaluation of proposed pump design 

(c) 	 Further research in cups, valves, and cylinders 

(d) 	 Development and implementation of educational programs 

(8) 	 The manner in which the proposed pump design is introduced will have 
extensive implications for the success of the pump and the field trials; 
the production and installation programs must take this into considera­
tion to be successful. 

(9) 	 Adequate facilities and skills are available in most of the countries 
visited for local manufacture of pumps designed on the principles 
outlined in this report. 

RECOMMENDATIONS 

The following recommendations are based on the conclusions drawn as a result of 
the program. 

(1) 	 AID should arrange a meeting to provide a specific opportunity for AID 
and Battelle personnel to disseminate results of this program to all 
interested agencies and organizations. 

(2) 	 Field trials hulI he conductcd with approximately 20 pumps of the 
proposed lc.sigin in sc ected areas under technically controlled condi­
tions to dlet c rniie: 

(a) 	 Whethe.r thi present design will perf(orm as anticipated under 
fielhi conditions 

(b) 	 The effective,.,is of guilbd pump rods and flapper valves at 
various wvll dvl)ths. 

(3) Researchh0hould be cn1tintied relative to cup and valve iniprovement but 
leather cups mhould I . umed ut til a nore suitable material it, found. 

Additional work inight aInto be done nitnultanctously in formulating cylinder 
coatings, that niay be mo,,re acce)table under vari(uts conditionx. 
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(4) 	 Specifically structured educational programs should be designed for
 

introduction of the pump design to various countries.
 

(5) 	 Possibilities for AID stimulation of metallurgical improvements
 

should be explored.
 

(6) 	 Possibilities for AID stimulation of improvement of production
 

practices should be explored.
 

PROGRAM APPROACH
 

The program followed a natural sequence of events. First, the Battelle staff had 

a series of meetings with AID personnel and with interested personnel from other 

Much was learned from these meetings in that the conditions thatGovernment agencies. 


exist in many of the developing nations were discussed and the most important things to
 

be accomplished during the program were established.
 

Next, a literature search and a patent search were made to uncover as many facts 

possible concerning niodern, hand-pumping methods. Simultaneously, a state-of-the­as 
art search was made. Then a Battelle team made a tour of five selected areas of the 

world which are representative of conditions that can be found in developing countries. 

It was on this tour that the project team began to truly understand the problems of 

developing nations as described by AID personnel. The team was strongly impressed by 

the needs of these countries in terms of time and money required for technological 

development to improve conditions of everyday living. 

Following the tour of the selected nations, American manufacturers were asked to 

supply information regarding the technological development of pumps in the United States. 

An analysis made of all the data collected revealed that supplementary testing would be 

needed before a design program could be started. Results of the supplementary tests 

that 	were conducted can be found in a later section. 

During the second phase of the program, basic principles were established and a 

simple and flexible design was developed and evaluated in the laboratory. In addition, 

consideration was given to facilities required to manafacture a limited number of such 

pumps. Finally, a number of areas were identified in which further work is required. 

The area of education falls outside the scope of Battelle's responsibility, but, neverthe­

less, the Battelle staff believes that if this program is to be successful, the pump 

design must be introduced properly and confidently in developing countries with a care­

fully planned educational program. 

ANALYSIS OF UNITED STATES SURVEYS AND OBSERVATIONS 

Both before and afttr the foreign surveys made by the project staff, much informa­

tion was obtained from various sources in the United States. The following sections 

summarize what was learned. 
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Meetings with AID 

Meetings with AID personnel were very effective in establishing the scope of the
 
program and providing an insight into the problems facing the people of developing
 
nations. Representative developing countries were selected for observation by the
 
Battelle team and the philosophies and characteristics of these nations were discussed
 
to provide a basis for an effective visit.
 

Literature Search 

Unfortunately, it was found that there are no recent development in hand pumps 
described in the literature. Also, there is no information published on related subjects 
associated with developing nations. 

Patent Survey 

Again, little help was obtained from this survey. Most of the patents examined
 
describe pumps of a more complex nature than could be used effectively in developing
 
nations.
 

Manufacturer Contacts 

Contacting United States manufacturers was one of the most important aspects of 
the program. It was through these manufacturers that the basis for American pump 
design was learned. Present hand-pump configurations are based on considerations of 
cost and on past "experience". However, plastic cylinders are being introduced and 
cushioned poppet valves are becoming more prevelant. Production techniques provide 
for use of good materials and interchangeable parts. 

Pump guides are used extensively in conjunction with windmills, pump jacks, and 
force pumps. This provides a more rugged pump for the heavier job. Multiple-cup 
plunger use is based on the depth the cylinder is in the well, the number of cups being 
proportional to the head of water being pumped. 

It was also learned that ball valves as used in the Philippines are not recommended 
by American manufacturers because of distortion of the valve seats caused by the pound­
ing of the heavy ball checks. This more or less correlated with observation made in the 
Philippines. 

ANALYSIS OF FOREIGN SURVEYS AND OBSERVATIONS 

The foreign survey was without question the most important input to the program. 
The nations selected for visitation were: the Philippines, Thailand, East Pakistan, 
India, and Jordan. The visits were made not only to some of the major cities in each 
country, but also to many outlying rural areas. The major city visits were concerned 
with interviewing native persons responsible for community or rural water and inspecting 
pump manufacturing facilities. The visits to the rural areas were made to see the actual 
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conditions under which pumps must operate. Observations recorded can be sum­
marized as follows: 

General Need for Pumps 

Without question there is a tremendous need for hand pumps in developing nations.
 
In many cases, 300 or more people get their water from one pump; in some areas they
 
get it from a well without any pump. Many people are still required to get their water
 
from rivers or ponds or pools of collected rain-fall. In one arid locality, 7000 people,
 
and as many goats and burros, get their water from one pumpless well.
 

Well Drilling Problems 

In many areas dry wells are a problem. There are few if any geologic or hydro­
logic reports available. There seem to be no programs planned by any agency or any 
group responsible for studying the area in which wells are required. There is little or 
no evidence of the logging of existing well histories. Cores are seldom taken during 
drilling to determine the best water-bearing formations. 

Pump Design Problems 

Pumps themselves are in great need of improvement and there is very little effort 
being made in any of the areas visited to bring about the needed improvements. In 
Thialand it was found, however, that various pumps from other countries are being 
tested. But, again, this is on a low key. 

The major problem in most of the areas is the rapid wear of the leather cups used 
in the pumps. Very little effort is being made to improve the smoothness of the bore of 
the cylinders or the quality of the leather used in the cups. Another problem in some 
areas is that very ponr nuts and bolts are used to fasten the pump components together. 
There has been no appropriate change in design and no effort to make better nuts and 
bolts. Actually, in some areas, selective fitting is required because the nuts will not 
fit over the bolts, or they fit so loosely that they slide up to the head. In order to make 
any assembly at all, it is often necessary to wrap jute around the threads so that some 
fastening can be accomplished with the nut and the bolt. 

Storage Problems 

Storage of pumps and pump components is also a major problem. Because of the 
high humidity that prevails in some areas, pump cylinders rust out and become ineffective 
when finally placed in location. 

Maintenance Problems 

Maintenance is very poor to nonexistent. No responsibilities are given to or defined 
for any group; consequently, once a pump is installed it is effective only as long as it 
works properly. On failure, the pump might be torn down and the people resort aga'in to 
rope and buckets, to rivers and ponds, for their water. 

B ATTELLE MEMORIAL INSTITUTE 
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There is a definite lack of skills. The people do not take it upon themselves to ef­
fect repair, but only wait until a mechanic can come. There is a definite lack of good 
parts and quite often if the parts are secured they are not capable of doing the job that 
is required because they are of poor quality, broken, or cannot be assembled. 

In almost all the areas visited there are no performance records available; 
consequently, no one could discuss causes and effects with the Battelle team. There 
was one exception, however, in a single area. In Singur, India, good records have been 
kept and a excellent paper was written by one of the founders of the program. However, 
even in this case some of the data are subject to question. 

Acceptability Problems 

Acceptability is a problem - acceptability of the idea of using pumps for getting 
water, acceptability of the pump design from an aesthetics standpoint. This is a major 
problem, and the introduction of any design must be handled through a very definite 
education program. Options in terms of appearance will be required in each area for 
acceptance. 

RESULTS OF TESTING PROGRAM 

The analysis of the survey indicated that additional information obtained through 
testing was required before the design of a new pump could be started. For example, 
it was felt that the major causes of cup wear should be analyzed and the effectiveness of 
various valve types should be determined -o that the best arrangements could be used 
in the design. A test program was set up to investigate cup wear and to evaluate various 
cylinder materials, cup materials, and types of valves in such a way that each of these 
variables could be assessed on its own merit. Consequently, four major studies were 
made: 

(1) 	 Determination of relative wear and effectiveness of leather cups
 
associated with guided and unguided pump rods.
 

(2) 	 Determination of relative wear and effectiveness of leather cups associated 
with single-cup or multiple-cup plungers. 

(3) 	 Determination of relative wear and effectiveness of leather cups associated 
with cylinder materials. 

(4) 	 Determination of relative wear and effectiveness of various types of 
valve s. 

Tests were conducted on modified, commercially available pumps rather than on 
completely redesigned laboratory pumps. These pumps included both shallow-well suc­
tion pumps and deep-well lift pumps. Four pumps were set up over a 12-foot-deep pool 
and operated Z4 hours a day during the 6-month test program. The pumps were 
mechanically operated at about 50 strokes per minute by electrically driven pump jacks. 
Each of the pumps was fitted with an hour meter so that evaluations and comparisons 
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could be made on the basis :of time. Figure 3t:shows the laboratory test facility over the 

12-foot-deep pool. One deep-well and one shallow-well pump was equipped with a pump 

rod guide. 

The four major studies consisted of eight basic tests. These tests utilized 40 

plunger cups with an average of almost one million pumping cycles per cup. Four dif­
ferent types of valves were used as well as seven pairs of cylinders made from iron, 
brass, steel, coated steel, and plastic. An additional test was also made utilizing a pump 
imported from India for purposes of comparison and inspection. 

Cup Wear Analysis 

The major complaint of all the people interviewed in the developing nations con­
cerned short cup life. In some instances, cup life is only 3 to 4 months; consequently, 

p-he effectiveness of the pump is only 3 to 4 months and then the people are without well 
water until the services of a mechanic can be procured. Sometimes this period may be 
as long as a year. Therefore, anything that can be done to improve cup life will be a major 
improvement. 

All the laboratory tests were conducted with 3-inch cylinders and with standard 
medium-grade leather cups purchased from the same manufacturer. Following the 
experimentation with leather cups, additional tests were also made with cups of various 
materials. 

Cup Wear with Guided and Unguided Pump Rods 

Pumps are made the world over with oscillating unguided pump rods and with 
guided pump rods. Generally speaking, guided pump rods are used on the deeper wells. 
However, there is no data for the effectiveness of the guided pump rod in providing 
longer life for the cups. Consequently, specific information from controlled tests was 
needed. Apparently, the main reason for using guided pump rod is to provide a more 
stable pump rod foruse with windmills, pump jacks, force pumps, or heavy-duty equipment. 

Shallow Well. Cup wear was less than 20 percent in the shallow pumps and there 
was insignificant difference in the wear between the unguided pump rod and the guided 
pump rod, as can be seen in Figure 4. Iron cylinders were chosen for many of these 
example illustrations because more wear occurred with the iron cylinders than with 
cylinders made from other materials. 

Deep Well. Generally, cup wear in the deep-well pumps was more than twice that 
of the cups in shallow-well pumps and there was more than twice the wear in cups from 
pumps with unguided rod than in cups from pumps with guided rod. Deep-well cup wear 
can be noted in Figure 5. 

Conclusions. There is no reason to have pump rod guides on shallow-well pumps. 
Although oscillation of the cups is greater in shallow-well pumps, there is no large head 
of water on the cups to cause the wear. In deep-well pumps it does appear that pump 
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35865 
a. With Unguided Pump Rod 

A 

35866 
b. With Guided Pump Rod 

FIGURE 4. 	 LEATHER CUP AFTER TEST IN IRON CYLINDER 
OF SHALLOW-WELL PUMP 
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a. With Unguided Pump Rod 

35515 

b. With Guided Pump Rod 

35516 

FIGURE 5. LEATHER CUP AFTER TEST IN IRON CYLINDER OF DEEP-WELL PUMP 
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guides are helpful in retarding cup wear, at least in pumps with the cylinder 12 feet 

below the pump body. Additional tests are required to detect whether this is true in 

deeper wells. Deeper wells, of course, provide a greater head of water on the cups, 

forcing them harder against the cylinder walls but, at the same time, oscillation is much 

less. 

Cup Wear with Single-Cup and 
Multiple-Cup Plungers 

All of the shallow-well pumps investigated have single-cup plungers. However, 
many of the deep-well pumps, such as those investigated in the Philippines, have as many 

as four cups on a plunger. One of the manufacturers in the United States suggested that 

one-cup plungers be used to the 50-foot depth of the cylinder, then two cups be used to 

the 125-foot depth, and three cups to the 200-foot depth. Some of the wells visited in the 
came to within 75 feet of the surface.Philippines were 400 feet deep, but generally water 

These pumps had four cups. The tests conducted at Battelle were conducted with two­

cup plungers. 

The cups of shallow-well multiple-cup plungers show more thanShallow Well. 
twice the wear than cups of single-cup plungers. In the laboratory the pump with the 

unguided pump rod failed (snapped draw pipe) after 88 hours of operation because of the 

violent action set up by the binding, oscillating pump rod. Figure 6 shows the result of 

this test. 

Deep Well. A very slight decrease in wear was noted between the two-cup arrange­

ment and the single-cup arrangement. Results of tests with such cups can be seen in 

Figure 7. 

Conclusions. Without question, multiple leather plungers should not be used in 

shallow-well pumps and they certainly do not appear to provide an advantage in deep-well 

pumps when instal]ed in shallow wells. Further testing at variousdepths in deep wells 

would be necessary to determine at what precise depth additi6nal cups become necessary. 

Apparently, multiple cups in the deeper wells with the greater heads of water act as 

labyrinth seals, and when multiple cups are not used, the increase in head can actually 

turn a single cup inside out. 

Cup Wear with Various Cylinder Materials 

This group of tests was probably the most significant in relation to cup wear. 

There is a greater corollary between cup wear and smoothness of cylinder bore than 

between cup wear and any other single variable. Most of the cylinders that are used 

today are made either from cast iron or from brass and, without question, most of the 

trouble or short life occurs with the iron cyiinders. The laboratory tests proved con­

clusively that cup wear is proportional to the smoothness of the cylinder. Because of 

the high cost of brass, and also because brass is virtually unobtainable in some areas, 

other materials were also tested for possible cylinder materials in these areas. 
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Top Cup 	 Bottom Cup 36881 

a. 	 With Unguided Pump Rod, Failed After 88 Hours 
Due to Virbration 

Top Cup 	 Bottom Cup 36884 

b. Pump With Guided Pump Rod 

FIGURE 	6. DOUBLE LEATHER CUPS AFTER TEST IN 
IRON CYLINDER OF SHALLOW-WELL PUMP 
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36211
 

a. With Unguided Pump Rod 

36210
 

b. With Guided Pump Rod
 

FIGURE 	7. DOUBLE LEATHER CUPS AFTER TEST IN 
IRON CYLINDER OF DEEP-WELL PUMP 
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Cup Wear with Iron Cylinders. The smoothness of iron cylinders used in the 
United States ranges from 50 to 200 microinches, with the average smoothness well over 
100 microinches. Cup wear in the iron cylinders in both shallow-well and deep-well 
pumps was noted to be 20% or greater then with the brass cylinders. Figures 4 through 
7 indicate the wear under various conditions tested. It was also noted that the iron 
cylinders quickly rusted in the areas not being wiped by the cups. If for any reason the 
plunger action should be moved to another section of the cylinder, cup wear would be 
significantly increased. It is therefore easily understood why cup wear in some of the 
pumps in the developing nations is so high. Particularly in East Pakistan and india, 
roughness of rusted cylinder bores of pumps in storage must have been close to 1000 
microinches or more. This, coupled with poor quality cups would make the effective 
life of a pump very short. 

Cup Wear with Brass Cylinders. The smoothness of the bore of the brass cylinders
examined measured between 4 and 8 microinches as compared with the smoothness of the 
iron cylinders of 50 to 200 microinches. Even when the tests were run twice the average 
time there was no significant cup wear. Comparison can be made between Figure 8 
showing the brass cylinder and Figure 5a showing the iron cylinder. These seem to be 
the worst cases for wear, representing the deep-well pump with an unguided pump rod. 

-. 

35870 

FIGURE 8. 	 LEATHER CUP AFTER TEST IN BRASS 
CYLINDER-DEEP WELL PUMP WITH 
UNGUIDED PUMP ROD 

Cup Wear with Plain-Steel Pipe (Schedule 40) Cylinder. Because of the machine 
shop practices observed in many of the developing nations, it is believed that steel pipe 
would make an effective cylinder for pumps. Plain-steel pipe has an inside surface 
finish between 140 and 180 microinches, which is certainly comparable to that of iron 
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cylinders which measure between 50 and ZOO microinches inside surface finish. Itwas 
as well as irondisappointing to find that plain-steel pipe cylinders did not perform 


cylinders, as seen in Figure 9. This cylinder lasted only one-half the average test time.
 

36889 

FIGURE 9. 	 LEATHER CUP AFi'ER FIRST HALF OF TEST 
IN PLAIN-STEEL--IP1E CYLINDFR DEEP­-
WELL PUMP WITH UNGUII)'CI) PUMP ROD
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36888 

FIGURE 10. 	 LEATHER CUP AFTER SECOND HALF OF TEST IN PLAIN-
STEEL- PIPE CYLINDER- DEEP- WELL PUMP WITH 
UNGUIDED PUMP ROD (BUR RED CYLINDER) 

37127 

FIGURE 11, 	 IEATIIE& (UP A I 'IEl TEST IN PLAIN-STEEL- PIPE 
CYLINDER-SlIA L.LOW- WELL PUMP WITII GUIDED 
PUMP 1t40) (l i(tEl 2Y LINDER.) 
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36893 

FIGURE 1Z. 	 LEATHER CUP AFTER TEST IN PLAIN-STEEL-PIPE CYLINDER 
COATED WITH AN EPOXY-PHENOLIC- DEEP- WELL PUMP WITH 
UNGUIDED PUMP ROD 

37125 

FIGURE 13. LEATHIIER Clip AF'IJC~TEI.ST IN IILAIN-STEEL PIPE CYLINDER 
COATED WITH A TUNG Oil, 111IFNOLIC-DEEP-WELL PUMP 
WIT14 UNGUID)I-I) PUMP ROD 
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horizontally so that the coating would contact all of the interior surface. The stoppers 
were then removed and the excess coating poured out. The pipes were then stored 
vertically to drain forming a uniform coating on the interior surface. 

Cup Wear with Plain-Steel Pipe Cylinders Coated with the Epoxy Phenolic Coating. 
The smoothness of the epoxy-phenolic coating was from 8 to 12 microinches. As with 
all the other cylinders, testing was done in both shallow- and deep-well pumps and with 
both guided and unguided pump rods. Wear of the cups was insignificant as it was with 
the brass cylinders. Figure 12 shows a leather cup after testing in a pipe cylinder 
coated with the epoxy phenolic coating. 

Cup Wear with Plain-Steel Pipe Cylinders Coated with the Tung Oil Phenolic 
Coating. The smoothness of the tung oil phenolic coating was from 4 to 7 microinches. 
However, this coating did not perform as well as the epoxy pl.enolic coating and tests 
were discontinued. Figure 13 shows a cup after testing. 

Cup Wear with Plain-Steel Pipe Cylinders Coated with Moisture-Cured Urethane 
Coating. The moisture-cured urethane coating had a surface smoothness of 3 to 8 micro­
inches. Tests indicated that wear of the leather cups was as good as with the epoxy 
phenolic coating. Figure 14 shows a cup after testing. It might be significant to note 
here, though, that later tests involving the proposed design showed that the coating began 
to peel because of water seepage between the coating and the pipe. 

37372 

FIGURE 14. 	 LEATHER CUP AFTER TEST IN PLAIN-STEEL-PIPE 
CYLINDER COATED WITH A MOISTURE-CURED 
URETHANE-DEEP-WELL PUMP WITH UNGUIDED 
PUMP ROD 

Cup Wear with Plastic Cylinders. Because plastic pipe is now being used for 
many underground applications and because it can withstand substantial pressures, there 
is no reason to suspect that plastic pipe cannot be used successfully for pump cylinders. 
Therefore, a 	sample of plastic pipe of polyvinyl chloride was made into a cylinder. The 
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surface smoothness was measured from 4 to 10 microinches. Tests indicated that
 
of the cups is compared. (See
plastic pipe is as good as brass pipe when the wear 

It should be noted that the plastic pipe should be used only in deep-wellFigure 15. ) 

applications because structurally it would not be rugged enough to use in connection with
 

the pump body above the ground.
 

Cup Wear with Maya No. 6 Pump from Calcutta. The bore of the pump imported 

from Calcutta measured between 240 and 280 microinches finish. This shallow-well 

pump was operated the full test time. However, the leather was badly worn (twice that 

of the 3 in. cups in U.S. manufactured cylinders), as can be seen in Figure 16. However, 

the wear of the leather was at the heel rather than on the sides of the cup. This is 

to the larger diameter (3-1/2 inches), poor tanning of the leather, and theprobably due 
flexure of the leather while in operation. Moreover, the portion of the cylinder not wiped 

by the cup was quite rusted after only two weeks of pumping. 

The results of the tests indicate that cylinder bore smoothness is theConclusions. 
most important single variable controlling cup wear, and that a good pump design will 

include a cylinder with as smooth a bore as possible. Although the tests were conducted 

under laboratory co-.ditions, it is probable that any conditions more strenuous than the 

test conditions would only amplify the findings. 

Cup Wear with Various Cup Materials 

Leather appears to be an excellent cup material because of its availability and be­
willcause it can be manufactured with a wide tolerance range and, if properly tanned, 

give long life. The greatest disadvantage, however, is the range of quality of leather 

and the fact that leather will crack under cyclic wetting and drying conditions. There­

fore, other possible materials should be investigated for properties that might be better 

than those of leather. By the end of the testing program, many new variations of 

materials and cup designs were procured through material suppliers such as Du Pont and 

E. F. Houghton & Company and through various cup fabricators. However, time per­

mitted only two of these materials to be tested. 

Cup Wear with Cups Made from Rek-Syn (E. F. Houghton & Company). This cup, 

which is compounded from a special resin and elastomer, is used by one manufacturer 

in pumps exported to South America. Two cups were procured; however, one was too 

small and would not pump at all. The second was a good fit with the cylinder and did very 
no signi­well. It was used in conjunction with the plain-steel pipe cylinder (burred) and 

shows this cup after test.ficant wear was noted at the end of the test. Figure 17 

Cup Wear with Cups Made from Corfam Impregnated with Urethane (E. I. Du Pont 

de Nemours & Company, Incorporated). This cup wore much more rapidly than the Rek-

Syn cup, as can be seen in Figure 18. However, the test performed was not a good test 

because the cup was too large for the plain-steel pipe cylinder (burred) used. 
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37793 

FIGURE 15. 	 LEATHER CUP AFTER TEST IN PLASTIC (PVC) 
PIPE CYLINDER-DEEP- WELL PUMP WITH 
UNGUIDED PUMP ROD 

Y 

39736 

FIGURE 16. 	 LEATHER CUP AFTER TEST IN IRON
 
MAYA NO. 6 SHALLOW-WELL PUMP
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38069 

FIGURE 17. 	 SYNTHETIC (RESIN-ELASTOMER) CUP AFTER TEST 
IN PLAIN-STEEL-PIPE CYLINDER - DEEP-WELL 
PUMP WITH 	GUIDED PUMP ROD (BURRED 
CYLINDER) 

39077 

FIGURE 18. 	CORFAM IMPREGNATED WITH URETHANE AFTER TEST 
IN PLAIN-STEEL-PIPE CYLINDER - DEEP-WELL 
WITH GUIDED PUMP ROD (BURRED CYLINDER) 
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Conclusions. At this time, leather is still the best material for cups. However, 
in many areas tanning could be improved. Leather is best because of the wide tolerances 
permissible in the manufacture of the cups. In the case of the synthetic cups, tolerances 
must be very close because there is very little stretching of the cup and, consequently, 
they cannot conform to the cylinder walls as do the leather cups. It is believed, however, 
that cups can be made from synthetic materials if they are properly designed and if 
materials of proper compositions are used. These cups would have better abrasive and 
wetting and drying qualities than the leather cups now being used; however, an additional 
research and development program would be required to provide these cups. 

VALVE-TYPE EFFECTIVENESS 

The two most common types of checkvalves used in hand pumps today are the 
poppet valve and the flapper valve. The poppet valve is always used in the plunger; how­
ever, the lower check valve in the cylinder can be either a flapper valve or a poppet 
valve. Generally speaking, all of the shallow-well pumps examined in the United States 
and developing countries during this program had leather flapper valves in the bottom of 
the cylinder. Conversely, almost all of the deep-well pumps had poppet valves in the 
bottom of the cylinder. 

There are various types of poppet valves and flapper valves. In the Philippines, 
the poppet valves are all of the ball type in which the valve is composed of a seat, a 
cage, and within the cage a ball. In other areas the more common standard tee-shape 
(in cross section) poppet valve is used. The seal is merely metal-to-metal as is the 
ball poppet-type valve. American manufacturers are now placing a rubber gasket in the 
poppet valve, so that every time the valve closes, a rubber gasket cushions the impact. 
Only in one instance in East Pakistan were springs used to help close the valve. In the 
United States several designs of poppets are used, depending on whether the poppet is 
enclosed in a cage or whether it is restrained by virtue of its design. 

Flapper Valves 

Flapper valves are of two types. The type used in all the developing nations is the 
full-circle type in which a full-circle leather is squeezed between the valve body and the 
cylinder; the flapper is cut out from this portion except for a connection point. Weight is 
added to the flapper to assist in closing. The other type of valve is made in the United 
States and is used in cylinders where the caps are threaded into the inside of the cylin­
der. Only the flapper itself is attached to the valve housing by means of two screws. 
This valve provides no advantage over the full-circle valve other than that it requires 
less material. The operation is the same. This valve performs reliably in both deep­
well and shallow-well arrangements in the laboratory, and there is no reason to as­
sume that it cannot be used in deep-well applications, unless it is because of the fre­
quency of needed replacement. 

Because the quality of leather enters into the performance of the flapper valve, a 
new material was tested, a nylon fabric impregnated with neoprene marketed under the 

trade name of "Fairprene" 12-003 by Du Pont. Valves of this material do an excellent 
job and were never replaced in the laboratory tests. In comparison, leather valves used 
in the test were replaced frequently because of cracking and the fear of failure before a 
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test was completed. According to theimanufacturer, "Fairprene" or similar.materials 

have virtually zero fatigue and they can'be used almost indefinitely. They are not af­

fected by cyclic conditions of wetting and drying as leather valves are. 

Poppet Valves 

examined: poppet valves with metal-to-metalTwo types of poppet valves were 

contact and poppet valves with a cushioning gasket. Both types seem to be satisfactory 

for light use; however, distortion of the poppet was very noticeable in those valves in 

which there was no cushioning gasket. This distortion was even more noticeable where 

the poppets had large movements. Figure 19 shows the distorted cast-iron poppet from 

a plunger valve after several test periods. The poppets that had cushioning gaskets 

showed no distortion at all. This does not mean that the poppets or the rubber gasket 

would not distort after a period of time; but it does show that cushioned valves will last 

longer. 

V4 

39826 

FIGURE 19. DISTORTED CAST-IRON POPPET FROM 
PLUNGER VALVE AFTER SEVERAL 
TEST PERIODS 

Conclusions. iBoththe poppet and the flapper valves are adequate. However, poppet 

valves should have a cushioning gasket and should only have lift enough for 100 percent 

through area to reduce the pounding effect. Flapper valves should be made from 

Fairprene or similar material for long life. At this time, it is recommended that poppet 

valves be used in all plungers and in deep-well pump cylinders. Flapper valves made 

from the nylon impregnated with neoprene should be used in all shallow-well pump 

cylinders. Flapper valves with the improved material should perform most satisfac­

torily in deep-well applications; however, further tests are necessary to substantiate 

this conclusion. 
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Metallurgical Analysis 

In many of the areas visited by the Battelle team, complaints were received con­
cerning the brittleness of the pumps being manufactured. However, the manufacturers 
of these pumps were not able to supply accurate analyses of the iron being used. There­
fore, samples of materials were brought back to Battelle for analysis. Table 1 shows 
the analysis of the gray iron samples from the JSPR Manufacturing Company in Howrah, 
India; the Maya Pump Company in Calcutta, India; the Government foundry in Korat, 
Thailand; and the Fabrication Foundry & Engineering Works in Dacca, East Pakistan. 

TABLE 1. CHEMICAL ANALYSES OF GRAY CAST-IRON SAMPLES 

Values Given in Percent 

Sample Identification J.S. P. R. Korat Dacca Maya 

Total Carbon 3.75 3.57 3.18 3.30 
Silicon 1.65 2.03 2.19 1.96 
Manganese 0.44 0.20 0.52 0.38 
Phosphorous 0.271 0.259 0.188 0.403 
Sulfur 0.082 0.050 0.100 0.110 
Carbon equivalent 4.39 4.33 3.96 4.10 
Aluminum 0.001 0.001 0.007 0.007 
Antimony <0.002 <0.002 <0.002 <0.002 
Arsenic 0.014 0.037 0.019 0.012 
Barium <0.002 <0.002 <0.002 <0. 002 
Beryllium <0.0005 <0.0005 <0.0005 <0.0005 
Bismuth <0.002 <0.002 <0.002 <0.002 
Boron <0.001 <0.001 <0.001 <0.001 
Chromium • 0.02 0.08 0.25 0.02 
Cobalt 0.005 0.008 0.006 0.004 
C olumbium <0.01 <0.01 <0.01 <0.01 
,Popper 0.006 0.31 0.29 0.007 
Germanium 0.002 <0.002 <0.002 <0.002 
1 ,-r. 0.003 <n.002 0.002 0.002 

MUy: n 0.002 0.01 0.14 0.005 
Nickel 0.008 0.08 0.09 0.009 
Tellurium <0. 002 <0. 002 <0.002 <0. 002 
Tin 0.005 0.019 0.11 0.005 
Titanium 0.135 0.023 0.059 0.105 
Tungsten 0.015 <0.01 0.01 0.01 
Vanadium 0.009 0.009 0.009 0.009 
Zinc <0.002 <0.002 <0.002 <0.002 
Gallium 0.002 0.002 0.002 0.002 
Calcium <0. 001 0. 001 0. 001 <0. 001 

The chemical analysis showed very high phosphorus content, particularly in the 
Maya sample. This alone could be responsible for the excessive breakage. The effect 
of the phosphorus is shown in the top photomicrograph in Figures 20 through 23. The 
irregular shaped light constituent with the dark dots is massive Steadite, an eutectic mix­
ture of iron carbon and iron phosphide. It is extremely hard and brittle and tends to 
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500X 	 4B960 

a. Massive Steadite 

500X 	 4B961 

b. 	 Areas of Fine Graphite Surrounded With Ferrite 

FIGURE 20. J. S. P. R. COMPANY IRON 
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0,~x 4, ~ ' -ItL %( 

500X 	 4B966 

a. Massive Steadite 

jVf;.1'.j 

500X 4B967 

b. 	 Fine Graphite Surrounded With Ferrite and Some Steadite 

FIGURE 21. KORAT COMPANY IRON 
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4B96450OX 

a. Massive Steadite 

4B96550OX 

b. 	 Fine Graphite Surrounded With Ferrite 

FIGURE 22. DACCA COMPANY IRON 
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500X 4B962 

a. Massive Steadite 

500X 4B963 

b. Fine Graphite Surrounded With Steadite 

FIGURE 23. MAYA PUMP COMPANY IRON 
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make the iron brittle and weak. Such iron has low resistance to impact and Is difficult 

to machine. The Dacca iron pictured in Figure 22 contains les than the normal maxi­

mum of 0. 2 percent phosphorus. Steadite makes its appearance in th, microstructure 
when the phosphorus exceeds about 0. 15 percent. 

from the 0. 	25 percentSome Additional hardening of the iron woti.d be obtained 

chromium in the l)accia iron, the 0. 11i and 0. 29 1ercent copper in the Karat anti Dacca 

iron, and the 0. I1 percent tin in t he )acca iron. 

CheLntical constitutnt , in the ironts which ,vould be expected to increave the brittle­

ness of the ironh are Ohmwn in '1ably 2, 

TABILE 2. 	 EIL;MENTS IN TilE IRONS THAT WOULD 
(:AIUSI' BIRIT'lI"NESS 

P rcent of l)etrint-ntal Elemi~ent s 

Iron Pho spho rout Chrotlium Copper Tin 

JS.P.R. 0. Z71 ...... 

Karat 0.259 .- 0.31 --

Dacca 0. 188 0.25 0.29 0.11 
Maya 0,403 

The bottom photemicrographs of iigur, a. 20 'h ragh 2 1hw that the microstruc­

tures of all the ironh conttined detrimental graphitt. mtructurv. A fine graphite utruc­

ture generally l]wert the' itri'tigth and impact renihtancte oif iriii,. 'Iht. graphitte truc­

ture can gent.rally lit.iipr)vcd by propter imictilationi providetl that: (0}tile carb)on 

,imn i nlllic phit i phl)h rtih.) '(etiat.e -1or I.r , anlequivalent (car pluhi I / n I/ ih, i thuix 

(2) the trill 	tv peratcrv in high ,lmmigl(,ov r 1Y)0 1"). Ii utlatilil iti ' nt 11-4111 in the 

late additil,, o I,(I SIAlttt 11i ti . itIlt,- i abnt I r ci r,.,.in t i af.tI1 ct tI, proje)rtIc if the 

resultant Att msngn to itrle c' that.i CaM)nIt be CXp)IaMIzidI by tIII"&Iiaiif1" iii ecio n)I titcn 

produced. 	 A large variety ol :'ea icrtrial i;)oculanti ary av;ta ilole, 

CG.nlitiiacin . Th. gre tti ht ltlipj r(v,-vicent ln the cant ircit, ,ii ld it,tdiitained by 

using raw gat.terialts with it Itcwvr pIh, litrtir coctwit , nio that 0. |hclmnphincrtin content it( 

11 ' t eit. S i lit,icc al l vV1 li,rV,'\koklld titiihe 4,A­the iron %,,ulI be,.duntd r 0). VIA, l Ill t 

tained by io culating tile iroin. Simit Iis Ic r,Vvlii1eiit iII the AV, 1 1 p 11i h r I iI 1nua wo ld 

V a4dalso b. -, atinvll by a hull ani 'alinlg tre-aticvit! Iiiat tit .i,'llt 1"00 .% filrnia v ( 4)1). 

Thim tr'-.. .,t would Irani cicram imio)t ()f tht pearlit ltt, ftrir t-, 

lteh 4 1 -Thvrr arv adlisimiil aidt, that "mildI hh lfi0ul Ilireludilatlmu. th qual~lity of 
-I, ett
ttie ir irei n,ii lmiti ng tIeI( nemervgat i,it A I rmt iI icite sI.u , IlI Vn, it ilap 	 I roill, ncv , 

l't I milsthierinto oeparate pilie pit that the Aharp- A.tln he ma. iv %Ili (if nc,wi i iate11, rl n , A aid 

would )* antly ic ,fthe-Iv te re l tcia t cii thast ti- iwitiry itight 1t- ;,,.pt ,cware tittlhe 

quality of th . ietul iiille. Tlhe third atle v"uild lit- pruer A,introl i tet air that 
goo itt, tilt,cuiptila, No controla at all were ,ee titAny ioftit 1,,tilrt,-ts vnitld, 

Practically 	no t ,t rol war t,)mr.rvrtl over thr type, of c )ke or # hrt:oal Ileel in the 
charge.
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PUMP DESIGN 

On the basis of the state-of-the-art survey, contacts made with United States 
manufacturers, the survey made in the developing nations, and the metallurgical and 
design analyses, tho following pump design principles were established: 

(1) 	 The pump should be of the simple piston design 

(2) 	 The basic comlponentm should be adaptable for assembly for either deep­
or shallow-well operation 

(3) 	 The basic denign mhouild be flexible enough to permit ue of inexpensive 
and conventionil configurations and details whenever this is compatible 
with good meti hanical design, to permit giving tht punip a "faliliar" 
appearance to inc reabv its acce)tabilily in deve loping nations 

(4) 	 The baoic de. in tihould be. firxible einoigh flo r adaptation to varying
 
degree, of soplitntication in ter itsof materials and manufacturing
 
procesasr, to nnovationn in dhien and materials, and to differences 

in the conditionn of inidividual countries 

(5) 	 The pur.p esh(ould tinnat of thelmini imuni number of components, but this 

should not r.aull in ti neired for 4 ompilicitted parts 

(6) 	 The basict, laign nherld int',rporat, a m1inimum number of threaded
 
fasteners andise , ta taldard pluinp rotd with jam nuts or sealant
 

(7) 	 Corroi on prtttio h%,utl he providrd 

(8) 	 The design ahl'id all' w oor the unt- of below-grade materials 

(9) 	 The design shotild t ili.- leIather ( upi and nylon impregnated with
 
neoprene tlpp rr valvea where appli able; rubber ctishioned poppet
 
valves houlud be prtoviti-d hi'r dr'-lt-p well applications and (or plungers,
 
and they ahotilld have ily niugh lift to pro videh 100 perc-nt through
 
area
 

j10) Cylindrrs ldiml havr in i ioth a hore an poisible with the available 
material, aid ,oling and should not excrell 5 litchen in liaieter 

(11) A pu stp rod .uilide should be provided for spet ial aplp licat ions and 
multile - up pling .r ah uid o Usrd only in wells rnore than 50 
fert derp 

(12) Maintenance whobuld be easy anti inexpensive. 

simplon Piston Pump 

The pump needed most in developing nation* is a simple piston pump. The pro­
posed simpie piston pump is componed of a body, a fulcrum, a handle, a single cylinder, 
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a plunger, and two check valves, one in the plunger and one in the cylinder. This pump 
can be used for pumping in shallo,.w wells and deep wells, and is not designed for use as 
a forcs pump or a double-acting pump. Two versions of the proposed pump are shown 
in Figures 1 and 2. Layouts of the shallow-well and deep-well pump can be seen on 
drawings E-0005 and E-0006 which accompany this report. 

Adaptation for Deep- and Shallow-Well Operation 

In many of the developing nations it is necessary that punps be available for both 
deep- and shallow-well punlping. At the. pres nt time in nany of these art-as two 
separate type,, of pumlps are required. The'( p roprstd design i.ssuch that the cylinder 

can be placed o with tlit body or at th, end of the (Iraw pipe blt)w theeither in ronnection 

surface of the- water. No ad(litional partsa iarc recjuire(d except wherv a Ideep wtill iun p 

is used in a shallo)w well. In such a case it may bt, neces sary to repla'e the cap and the 

fulcrum t,)provide lotnger life for the cups. It is x[)ectd, io ct'vtr, that field testing 
will reveal that btlow some (critical depth this ('hI;ng(, will not be require(d. 

llexibility and Appearance 

In order to dininish l)r)blemls ot acceptability, the exterior appearance of the pump 

must be similar to that of pumps prt-sently be.ing us ed, That is, the body should bc 
1similar to local )unlp ) ,bodiles,the i) ) thiould t ,)n ):i,l of hiandles, ftlcrumls, and 

cylinderm ais known in the .tra. So, tht ac(il)late ratt's will be as high as p)ossil)le, 

th,- design nm t b. flexible 'iiouglh to ,lliv rngi1 '1 in thi vrir us tun()tIII 'ltih It re'design 

contours ait, t)rtlrn , ti, iheir ()wi ite it vilt 's. A r()()t('a., Il ),)int11,i flit K()'at Pump 

#1 in 'lhala i,. 'IInl p ip is a pf-r4,( fly Io,),hl p)1oo1) iir,(. Iruin pip.in, ( ()o)IIi lits. 

It proved to, be-.an t.11(t vo puimp; hiuv,.ve Ih, .(.ri,,, it iii have air. apea i )l.las­rlid i.'ag(l 

ing to tle anf,,'l rs ofI 'lfIIli;t d, ii waof rvewrn c t t- 'tl . AmcIIji l l ajrj)e tiarmwc to ani 

American itsigntr r may not bse acepttatl,' ;ippetarance to I trlesigner in a (d,.vhlping 

nat ion, II(,w,.ve.r, wlatever rhargim ar, marl ili tlit, ap)parance of the punipp the basic 

engineering principles must I)v adhere-d to. 

Flexilbility of T'echnlogy 

Because of differences in t-clhwical 141v(,l Iin the various doeve loping nations, it 

cannot be expected that the propomed pm p) IIIb na nufactrz.d exactly as pre sently oreigned 
in all the countrio'. The design of the iump iiusit take int(i ;t|r(rint pre ient t'chniflogical 

levels an -well av ,hamig. that ar e.× r Iterl to (,rme. [,r exampl,, it is r(.(conoinled 

here that punilip i yhiirerh be ioih off eithe.r bros' ( iatorl plain 'tl,.I pip , for plarttit pipe. 

llhy 014-Y but 
ructt enih: d li-.i Ow ht,or. of tl r Iri' ( 11n.Y 1 1 I l .'v li t, p)5i i)ll'. At 
If only iron tylintlr, a,. avalilble., ti,,i)\ tirlst! br itl,,at presn.t, it is 

l ylirrrl.r1 ir) ,i sni,, 

a Ilter date h tit r t y1inhl,'ru (it ot|he.r 11.t1.0 i.l.,1 (.'11hi . I)ln Ivl. 

It in Oxpt Ird Ithat IIIIlly in rrvi|tIr is w.ill be ri ler t.4 t 0114'i )-$)rih fll,i ylTypes I 
vAlveo can IS(trliangei n h t ter .iiat n I)(-nIl'l.o vilihibln'; ( ips t an bl)t'-(r'aln ilirpo-lfd used 

am synthetic timaterijaio lircti', available (or a hltitr v',tiv o, loa.ther can b1),,)l)tainld. 

ari with the rlsig;.All of thr's ioiificlt'ittion 'o' ' pr,) ,,n,,,r 
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Minimum Number of Components 

The present design provides for as few components as possible. Such an arrange­
ment provides for better interchangeability of parts, easier adaptation to deep-well and 
shallow-well use, smaller inventory, less expensive maintenance, and low manufactur­
ing costs. An example of the versatility in the proposed design is the lower valve hous­
ing. This housing is so made that it can take two types of flapper valves or the poppet 
valve and it permits shallow-well or deep-well pumping without provision of additional 
parts. 

Minimum Number of Threaded Connections 

Because of the poor quality of the larger-size threaded connectors used in develop­
ing nations and the problem of pilferage, the proposed design excludes all threaded con­
nections except for pump rod connections. Two small screws are used to fasten the 
flapper valve in tit lower valve housing. The proposed design provides for standard 

pump r,,d and draw pipe as used the world over. A standard 7/16-inch punp rod is 

recommendetd. Assuming a low 20, 000-psi ultimate strength, a conservative working 

load of 200 pounds, and a 1-1/4-inch draw pipe, this rod can be used in wells as deep 

as 200 fett. In deep wvells where pump rod bending or pipe slapping might endanger the 

rod connections, guide couplings should be used. Jam nuts or sealants should be used 

at all threaded connections to prevent loosening of the joint. 

Corrosion Protection 

One of the greatest problems in many of the developing areas of the East is the 

problem of corrosion. Many of the stored components cannot be used because of the 

rust and mildew. Apparently there are two possible corrective measures: (1) provide 

better storehouse facilities or (2) provide parts that are immune to the corrosion. For 
the proposed design, the latter approach was selected. Proper painting of portions of 

the body, valve housing, handle, fulcrum, and cap is anple protection in most cases. 

More important, however, is the fact that the propo sed design calls for brass, coated 
steel pipe. or plastic pipe for cylinders, all of which are able to withstand the elements. 

It would also be good practice to store tht cups in sealed plastic bags to prevent mildew. 

Use of synthetic cup materials w\ould make this precaution unnecessary. 

Adaptability to Low-Grade Materials 

One of the greatest problems existing in some areas is that low-grade materials 

are used for pump manufacture. This presents problems not only when the pump is in 

standard use but also during shipping. A high percentage of the pumps never reach their 

destination in one piece. Because of this, the proposed design is such that break points 
have been eliminated or sufficiently strengthened to withstand abuse. The design also 
calls for heavier sections throughout the entire pump body and other components so that 

long life can be expected. In the event that better materials are found, smaller cross­

sections can be used. 
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Valves and Cups 

The proposed design calls for three types of valves. The first type is the standard 
tee-shaped poppet. This valve is to be used in plungers and in shallow-well cylinders 
where repair can be easily made. The design is such that only optimum movement is 

provided. The second type of valve is the cushioned poppet valve designed for deep-well 
applications where maintenance is more difficult. The third valve is the flapper valve 
to be used as a lower check valve in shallow-well pumps. It is recommended that this 
valve be made from nylon impregnated with neoprene. Such an arrangement will pro­
vide extremely long life with practically no maintenance requirements. It is believed 

that further evaluation will show this valve acceptable for deep-well application. 

I.ether is recommended for the cup material until an improved material is 

developed. 

Cylinders 

The greatest single factor in pump longevity is the smoothness of the cylinder 
bore. Without question, every care should be taken to provide as smooth a bore as 
possible. It is recommended that cylinders be made from brass, coated steel pipe, or 

plastic pipe. These materials not only provide for long pumping life but also for the long 
shelf life which is necessary for a good water program. 

It is recommended that cylinder size not exceed 3 inches to provide for easy 
fabrication and for use in 4-inch-diameter casings. Most cylinders used are 3 inches in 
diameter or less. 

Pump Rod Guide and Multiple Cup Plungers 

In those cases where it is expected that deep-well pumps will be used for pumping 
in relatively shallow wells or when eventually windmills or pump jacks will be used for 
operation of the pump, pump rod guides should be provided. It is also recommended that 
multiple-cup plungers be used only in wells more than 50 feet deep because they do not 
provide significantly longer cup life when they are not required, and in shallow-well use 
they actually decrease cup life. It is expected that field trials will define further the 
limitations of the pump rod guide and single cup plungers. 

Maintenance 

The proposed design provides for easy, inexpensive maintenance. The pump is 
made from rugged, simple components, few in number, that can easily be assembled or 
disassembled with a few standard tools. Because of the small number of parts and the 
interchangability of parts for deep-well and shallow-well applications, warehousing 
problems should be reduced. 
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PUMP EVALUATION 

It was necessary that the proposed design be evaluated to determine as much as 
possible the future effectiveness of the pump and to compare it with pumps already in 
existence. Two tests were set up. The first and major test was alife test of the combined 
components operating as a shallow-well pump and deep-well pump. The second test was 
a sand test in which the same two pumps, one with the epoxy phenolic coated cylinder 
and the other with a plastic cylinder was set up to pump water with a high concentration 
of river mud and sand. 

For the first test, two pumps of the proposed design were set up to pump at a rate 
equivalent to 1500 gallons of water a day for 365 days. At the end of this accelerated 
test, practically no wear was observed on the leather cups used, as shown in Figures 24 
and 25. As shown in Figure 26, the plain-steel pipe cylinder coated with an epoxy 
phenolic also came through with flying colors; practically no wear was noted on the coat­
ing of the cylinder. However, the cylinder coated with the moisture-cured urethane did 
not fare as well. Figure 27 shows how the coating began to peel, not as a result of the 
piston movement within the cylinder, but rather as a result of the action of the water. 
It is hoped that further work will provide an effective moisture-cured coating, but a coat­
ing not affected by water. The failure shown here might also be a result of incorrect 
coating application, and further work might also reveal different or better means of apply­
ing the same or similar coatings. Practically no wear was seen on any of the pinned 
joints of the pump and, as expected for such a short-duration test as this, there was no 
deterioration. 

Figures 28 and 29 show results obtained in the second test with the leather cups 
after approximately one million cycles. As can be seen, these cups are in remarkably 
good condition for pumping water such as this. The cylinders did show some wear in 
terms of abrasion to the side walls in the area of the piston movement, but each of the 
cylinders could be used for many more years of pumping under normal conditions. 

It is believed that the pump as proposed - assembled without the use of threaded 
fasteners, with valves made according to the specifications, and with cylinders made of 
brass, plain-steel pipe coated with an epoxy phenolic, or plastic pipe - would be accepted in 
any of the developing nations and used effectively, giving long service and providing 
water for many peoples. However, this design should be introduced to developing nations 
through a specific program. That program should include field testing for the dual pur­
poses of proving out the design still further and of identifying additional possibilities for 
simplification of the components. Such a field test program would serve as an excellent 
opportunity for effective introduction of the pump to the influencial people of a developing 
nation. Further laboratory research should also make possible further simplification 
in terms of valves, cylinder coatings, and synthetic cups. 

PRODUCTION FACILITIES 

It is difficult to lay out a foundry and machine shop to produce the proposed pumps 
when such things as the amount of space available for the facility, the availability and 
types of machine tools, the skills and incentives of the personnel, and the types of tooling 
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FIGURE Z4. LEATHER CUP AFTER EQUIVALENT OF I-YEAR OPERATION 

IN PLAIN-STEEL-PIPE CYLINDER COATED WITH AN EPOXY 
PUMP WITH GUIDED PUMP RODPHENOLIC-DEEP-WELL 

I Ii ; ,.I .. .
 

"-;.. . 

FIGURE Z5. LEATHER CUP AFTER EQUIVALENT OF 1-YEAR OPERATION 
WITH A MOISTURE CUREDIN PLAIN-STEEL-PIPE COATED 

URETHANE- SHALLOW-WELL PUMP WITH UNGUIDED 
PUMP ROD 
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39083 

FIGURE 26. 	 PLAIN- STEEL- PIPE CYLINDER COATED WITH 
EPOXY PHENOLIC AFTER LIFE TEST 

FIGURE 27. 

39084 

PLAIN-STEEL-PIPE CYLINDER COATED WITH 
MOISTURE-CURED URETHANE AFTER LIFE TEST 
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FIGURE 28. 	LEATHER CUP AFTER SAND TEST IN PLAIN-STEEL-PIPE 
CYLINDER COATED WITH EPOXY- URETHANE - DEEP-
WELL PUMP WITH GUIDED PUMP ROD 

39739 

FIGURE 29. 	 LEATHER CUP AFTER SAND TEST IN PLASTIC 
(PVC) PIPE CYLINDER - DEEP-WELL PUMP 
WITH GUIDED PUMP ROD 
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and materials handling equipment are not known. However, a typical layout has been 
made to point out what can be done assuming limited tooling and fixed area per machine. 

Machine Shop 

Figure 30 shows a proposed layout for a machine shop and foundry. This layout 
is based on what American planners would like and provides for about 256 square feet 
per machine (16 feet by 16 feet). The layout does not designate exactly where machine 
tools are to be placed, where aisles are to be provided, or where pieces to be worked on 
are to be placed as these are largely dependent on the facility management. Figure 31 
shows a scale model of a typical facility. Again, this should be used only as a general 
guide. 

The layout is so constructed that there is a natural flow of materials and parts 
through the shop. It can be seen that the foundry is on the left; castings proceed from 
left to right to the machine tools, through inspection, painting, and storage, to assembly 
and, finally, to shipping. As shown here, finished parts are put into storage and then 
assembled prior to shipping. There is no reason that assembly could not be made before 
storage. However, as indicated in the layout, all parts are stored and components can 
be withdrawn for assembly into complete pumps or shipment as spare parts. 

Table 3 gives some indication of needed machine shop personnel. These people, 
should be capable of producing anywhere from 20 pumps per day to 40 or more pumps per 
day. The estimate of 20 pumps per day is based on using minimum jigs and fixtures in 
all operations and using single-point tools. Operation is paced on the component requir­
ing the most time, in the case of the proposed pump, the lower valve housing. With 
single point tools and jigs and fixtures it is estimated that approximately 2 to 2-1/2 units 
can be produced per hour; however, depending upon the incentive of the workers, with 
the change from single-point tools to more complicated, semi .utomatic tooling, produc­
tion could be increased to 40 or more completed pumps per day without increasing 
personnel. 

TABLE 3. MACHINE SHOP PERSONNEL(a) 

Operation Number of Persons 

Material, handling, shipping, 
Grinding 
Lathes 
Drill press 
Cut off 
Pipe threading 
Pipe coating 
Inspection and painting 
Tap-die assembly 
Foreman 

receiving 2 
I 
3 
3 
1 
1 
1 
1 
1 
1 

Total 15 

(a) Number of personnel based on a minimum of 20 pumps per day. 
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Foundry
 

Approximately 3600 square feet has been allowed for the foundry area, This is an 
estimate, of course, and more or less area would be required depending upon the foundry 
operator and his requirements for aisle space and his method of setting the molds and 
pouring. The 3600 square feet does not include very much area around the cupola or 
area for storage of raw materials, coke, etc. Table 4 shows needed foundry personnel. 
The foundry operation is actually based upon the machine shop requirements. This 
amounts to about 1200 pieces per week and if two pours per week are made, this is 600 
pieces per pour or about 4300 pounds. It is estimated that 10 persons can handle this 
amount of work, depending upon incentive and the tools these people have to work with. 
For an increase in production, more than likely personnel would have to be added in the 
foundry before any persons were added in the machine shop. Personnel in foundry would 
be expected not only to make the molds but also to assist in pouring, shaking out the 
castings, and transporting them to the machine shop. It is assumed that the foreman and 
the material handlers would make the initial charge in the cupola and then would be 
assisted by the molders during the pouring. 

TABLE 4. FOUNDRY PERSONNEL(a) 

Position 	 Number of Persons 

Moulder s 	 7 
Core makers 	 1 
Material handlers 	 I 
Foreman 	 I 

Total 	 10 
(a) 	Number of peisonnel based on pouring 4300 pounds (600 pieces) 

twice per week. 

The shop as shown represe.nts approximately 9000 square feet and 25 persons, and 
this arrangement can be expected to produce anywhere from 20 to 40 or more completed 
pumps per day. An increase in production could be made with few additional personnel 
in the foundry. No specifications are given for the cupola; however, the smallest cupola 
commercially made in the United States can produce about half a ton per hour and it 
would occupy a very small area in the foundry. 
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FUTURE WORK 

Battelle staff members feel that this progran has been an important one, not from 

the standpoint of technological improvements, but from the standpoint of giving many 

peoples of the world water from a reliable source. However, it is felt that the results 

of this program can be successfully utilized only through an effectively planned program. 

Such a program can be guided by AID ard carried out through AID and other interested 

agencies, including Battelle. Such a program should have at least four major sections: 

(1) 	 Dissemination of inforniation 

(2) 	 Field evaluation of pump design 

(3) 	 Cup, valve, and cylinder research 

(4) 	 Educational programs for developing countries. 

These four sections are designed to simplify, introduce, and produce this pump in the 

developing nations. 

Dissemination of Information 

It is believed that the results of this program should be carefully described and 

the proposed pump design carefully explain 'elto all the American Government agencies 

and industrial organizations intete ste(, in and participlating in wate r programs in the 

developing nations. Such a prograni would not only aid All) in m.ecting tlhir obje,ctives, 

but may also i)rovi(le financial as:sistance through these, int reste,(l orani/.ations to carry 

out the p rogr~an . Once a c ours e of action has been e stablIitihed and ratifi d by all the 

agencies, a program :an be e stal)lished in ter is of production of pumps and maintenance 

programs with interchangable parts. 

Field Evaluation 

The 	suggested program of field trials has three major objectives: 

(1) 	 To determine the actual effectiveness in the field of the pump as
 
designed
 

(2) 	 To simlplify pump design 

(3) 	 To provide an opportunity for introducing the pump into developing
 
nations.
 

In addition to revealing the effectiveness of the pump as de signed, overall the tests 

would reveal sipecifically the effectiveness of the pump guide and the nylon impregnated 

with neoprene valves. If the trlals proceed as expected, it is b(eliev(d that the ptip 

guide will be shown to be less important for deep-well pumping and that nylon impregnated 

with neoprene valve might be used for all valves, including the valve in the plunger. 
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Probably the most important function of the field tests would be introduction of the pump 
to government officials, future manufacturers, and, most significant, the users. Various 

reactions, likes, and dislikes can be determined before the final introduction and certain 

needed mtodifications are made. A good corrolary to keep in mind im the tremendous 
amount of field evaluation and public opinion sampling that American manufacturers 
schedule for their products fore gent, ral introduction of thse procductti the mtarket.fbe to 

Cup, Valve, and Cylinder Resta.. h 

The moat significant improvements anti simplifications of the pump design will be 
related to cups, valves, and cylinders. A limited amount of additional research should 
yield valuable results. 

Cup$ 

Near the end of this program, a tremendous amount of interest was stimulated in 
material manufacturers and cup fabricators. Many samples of cups were received for 
trial in hand-op-erated watv.r pumps. With proper material tielecttion and well-thought-out 

cup deign, there. is an exc I'llctnt chant,' that a mynthetic cup c ould te n uaiwfactured with 

abrasive-re.,istant qualit.ies Ictt.r than that (ifleather, with i:tnufacturing tolerancea 

approaching that (itleather cups, and with ability t) withstand niany rt'peated cyc le of 

wetting and drying without racking. Probably cups made of tio ne synthetic material 

woul not have to be packag ed o)r warehoused under much restricted conditions as leather 

cups slould be. 

Valves 

Also, near the end of this program it became apparent that the nylon impregnated 
with neoprene could he' quite effective in all of tUi valve applications. However, there 

was not ti.nit .enough to provc this r)nclui ivvly in Ohw' labomratory. Moreover, no field 

trials had b,,en niadi' in ,leap wells toi deteriiin, whether flapper valvvti can bv 1it-id in 

deep-well as well a hallow-v. ll alpplicatins. '1h,'re i' hSol,t, vV.vidt,. a. that poppet 

valva's curr .ntly its(l in ipltn ,g'r, cmild bv' re-placvd wth valve.imadi' front a nylon and 
, Sutch aIr wm nw h.,'iign i)lungtvr.neoprene cm-,bination. ;1i ri t wulgCIIlc.)td call fo)r o)f tht, 


Ilowever, it should beipoliibhv to make a sin pli fied valve that would require virtually no
 

maintenance.
 

Cylinders 

Indications are that an inexpensive but effective cylinder can be made from plain­
steel pipe c oatt'd with an epoxy phenolic. Such cylinders have been texted and found quite 

satisfactory. flow-vr, application of Huch a coating doe H invlye a Himphl, baking proce­

dure. During the )r)gran, expvrimv'ntt were alfno crnrducta'd with (ther co)atingH and a 

moisiture-cured ur thiane c()ating was Icoirid to g.'ive, g(od rc'nulta. ,.oev'unfortunate-ly,lr r, 

either due to im)roper ci).tirng l)cc(huir' (orha'c.use (ifthe nature of th(, matfrial, it was 

water-srnsitive,, With c()ntinui',d work a sinip)le'r and more accptabl( coating can probably 

be found. An sinple a the ro.ctommendtd coating is to apply and to use, it still may be 
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objectionable in dome areas because of the need for baking. Therefore, further work 
should be done to find a still simpler coating. 

Educational Programs 

Three types of educational programs are recommended. The first type is a pro­
a technical pro­gram of pump introduction to the countries. Although this would not be 

successgram, it deserves careful consideration. Such a program ib necessary for the 
to be taught toof the water program. Unfortunately, many peoples of the world have 

drink water from a good source and to develop and maintain the source. 

The sc(nd pr(og ram would be directed toward iniproveicnt of machining practices. 

Without questio'in modve rn technology can improve productioin without any appreciable in­

crease in cost. lor cxani)1 e, na nufactur, rs in deve,loping nations m1ight be shown the 

making sn)oth c/linder b)res if iro n cylindecrs arc preferred.necessity 	for nethods o)f 

iniprta nt than this, they night bc shown the valuc of jigs and fixtures for in-But more 
creasing their productio)n rate an(l for making inteTrchangea)Ic parts. h'le us e of jigs 

and fixtures alone for assuring interchangeable parts could not be overstressed in any 

educational prograin. 

Another area oif nee(fi ed education is foundry practics. Bette r punips co)uld be 

made from bett er materials with better control. A little instruction in the segregation of 

materials t) p rovide the proper charge would significantly incrcase the quality of the 

iron with little incr ease in cost. The n eed for analysis and cupola c ontrol should also 

founfdry practicesbe stresiefd. An introduction into soime of the more in)ortant node rn 

should be plrovided. 

This educational lprogram may be acconplished in one or both of two ways: The 

first way wouldI be to offer a program similar to the program being conducted on ground 

water at the University of Minnesota. Invitations could be extended to selected personnel 

of various countries to attend symposiums or classes being taught by qualified people in 

the United States. 

A second way would be to put together teams of qualified American personnel to go 

and instruct people in their own shops and foundries.to the various developing nations 

These major educational programs would insure good water and promote disease 

control in developing countries. They woulI also further develop friendships that have 

already been established by AID and similar agencies. The programs as described would 

be relatively inexpensive to execute if properly planned and staffed. 

RDF:DWF/spr 
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APPENDIX 

REPORT ON FOREIGN TRAVEL 

To properly determine the requirements imposed upon hand-operated water pumps 
in less-developed countries, a trip was made to five selected areas by D. W. Frink and 
R. D. Fannon. This report summarizes the information obtained on this trip area by 
area. This summary is based upon reports, charts, drawings, photographs, and vari­
ous other records which are on file. Trips were made to the Philippines, Thailand, 
East Pakistan, India, and Jordan. 

MANILA, PHILIPPINES 

Date of Visit 

August 22 through August 24, 1966 

Persons and Organizations Contacted 

Mr. Hugh F. Tolley, Engineer, U.S. AID 
Mr. Jesus Delfin, U.S. AID 
Mr. Philip Ruppert, U.S. AID 

NWSA (National Water and Sewage Authority) Wells and Springs Department
 
PACD (Presidential Arm for Community Development)
 
EDF (Economic Development Foundation, Inc.)
 
Occidental Foundry and Shop
 
Parpana Manufacturing Company
 

Field Trip 

Barrio Bisig, Valenzuela, Province of Bulacan (a small Barrio outside Manila) 

Summary of Information 

Most of the wells used were installed by U. S. AID through subcontractors in 1957 
when a Liberty Well Program was under way. Since this time, two main groups are as­
suming the responsibility of getting water for the people, NWSA and PACD. These groups 
still have the help of AID. At the present time, more than 19, 000 wells have been estab­
lished for a total population of more than 4, 800, 000 people. 

The depths of the wells generally vary from 50 to 400 feet; however, the water 
levels vary from 5 to 75 feet from the surface. Most of the wells require a deep-well 
pump fitted with 4-1/2-inch casing pipe and they use 1-1/2-inch to 3-inch-diameter drop 
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pipe. Sucker rods vary from 5/8-inch to 7/8-inch diameter, depending upon the total 

the greater depths requiring the larger diameters.length of rod used, 

Most of the cylinders are made from seamless, hard-drawn brass 24 inches long 

are fitted with a 4-leather plunger and bronzeand with a 2-3/4-inch ID. The cylinders 
ball valves and have a working stroke of 12 inches. The upper ends of the pumps are 

made of flanges, tees, and other fittings, and there is ordinarily a wooden handle 6 to 

15 feet long mounted on a separate base. 

About half of the wells that are not producing ran dry. The lack of water is prob­

not having been dug deep enough or not having been properly placed.ably due to the wells' 
The greatest mechanical problem seems to be the separation of the sucker rod from the 

piston or from another rod either because of stripped (poor) threads or because the pis­

ton became unscrewed f.om the rod. Another problem is the rotting of the wood handle 

around the pivot-shaft bushing. 

The greatest maintenance problems are, first, the replacement of leathers, and 

second, wear of the stuffing box. Some complaints were made that the couplings wear 

against the drop pipe and rods separate when 1-1/2-inch drop pipe is used; a 3-inch drop 

pipe has worked out better. NWSA has assembled some guide lines for their mechanics 

in regard to preventive maintenance and repair. At present, there are several mobile 

repair teams that keep up many of the wells; other wells are the responsibility of the 

barrio in which they are located. 

At present NWSA and PACD are planning to construct 56,600 more wells for a ratio 

of at least one pump per 250 people. Also, at present, it costs approximately 1 peso 
well. Several private windmill-driven($.26) per inch diameter per foot depth to drill a 

pumps are being used in the northe:" areas, but very little attention is given to this by 

NWSA or PACD. 

There should be no problems in manufacturing acceptable hand pumps in the 

complicated equipment is presently being manufactured in pro-Philippines. Much more 
duction quantities. It was noted by EDF that at the present time the Philippine industry 

would rather copy than design. We saw only shallow-well "pitcher" pumps being made 

and no cylinders for deep-well use. Some double-acting force pumps (copies of the 

F. E. Myers pump) were being made. Castings will cost 1 to 2 pesos ($. 26 to $. 52) per 

kilo (2.2 pounds) and labor rates average 6 to 10 pesos ($1.50 to $2.60) per day. Gov­

ernment; regulations must be considered in that a company making a product must make 

at least 50 percent of the components to be eligible for a tax deduction. 

BANGKOK, THAILAND 

Date of Visit 

August 26-29 and September 4-6, 1966 
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Persons and Organizations Contacted 

Mr. William McQuarry, Engineer, USOM (United States Overseas Mission) 
(U.S. AID) 

Mr. John Brandt, Chief Sanitation Advisor, USOM (U. S. AID)
Mr. Chit Chaiwong, Community Health Development (Department of 

Health, Thailand) 

Field Trip 

Regional Headquarters for Northeastern Thailand at Korat (Experimental 
pump facilities including foundry) 

Summary of Information 

Approximately 85 percent of Thailand's population is rural and it is toward these 
people (as in other countries) that the AID program is directed. Since the present AID 
program has been in effect, approximately 6,300 pumps have been installed. The instal­
lation has been mostly by private contractors with AID furnishing the pump, pipe, and 
half the installation costs. AID is also providing some training in pump repair. 

Most of the wells run from 7 to 9 meters (23 to 30 feet) deep, and deep-well pumps 
are used. The most peculiar circumstance concerning pumps in this area is that it ap­
pears that the pump must be "developed" by them in order to be acceptable to them. This 
was demonstrated by the history of the Korat Gear Pump. The first Korat pump was a 
joint USOM-Thai design; it tested satisfactorily but was never used. The second was en­
tirely Thai designed and it was accepted. Both designs use American cylinders. 

The Korat Gear Pump is composed of two side castings bolted together with bearing
blocks top and bottom. These blocks give vertical stability to a rack which is connected 
to the pump rod. The rack is oscillated up and down by a sector gear to which is attached 
the handle. The pump is mounted on a base through which and to which the drop pipe is 
attached. The pump appears to be working satisfactorily. 

One of the biggest problems to date is the stocking of replacement parts for all the
different pumps used. This situation is being corrected to some extent with the standard­
ization on the Korat Gear Pump. 

No statistics were available as far as maintenance is concerned, but the order of 
repair appears to be as follows: 

(1) Leathers 
(2) Rod couplings 
(3) Handle pivot bolts 
(4) Pump rod bushings 
(5) Foot valves. 

Plans for the future regarding hand pumps include the installation of about 1, 500 
wells per year by USOM and about 500 installations per year by the Thai Health Depart­
ment. Also to be installed are 200 force pumps to pump water from ground level to tanks 
on the tops of school buildings. Much of this work will be concentrated in the northeastern 
and southern sections. 
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There does not appear to be any reason why satisfactory pumps cannot be made in 
.Thailand. There are six foundries in Bangkok and several are making the Korat Gear 

Pump. Although the only foundry we visited was the Government foundry in Korat, the 

pumps we saw seemed to be of good quality. Some cylinders have been made locally; 

however, they are generally imported from the United States. Labor rates range from 

10 to 30 baht a day ($. 50 to $1. 50). Leathers are made locally, but imported leathers 

last longer. 

Imported pumps cost about $50 including $15 to $20 for the cylinder. The cost of 

the Korat Gear Pump is about the same. 

Government people are interested in the problems and an experimental facility, in­

cluding a foundry, has been established in Korat (USOM money). 

VIETNAM AND LAOS 

These two areas were not visited. The information contained herein was obtained 

from persons who previously had been assigned to these areas. 

Persons and Organizations Contacted 

Staff MRDC (Military Research and Development Center), Bangkok, Thailand 

Mr. Paul Maynard, Battelle, Bangkok, Thailand 
Mr. William G. Westbrook, Battelle, Saigon, Vietnam 

Summary of Information 

Vietnam 

A history of well drilling is given in a paper, "Well Drilling in Vietnam", by 

Nguyen-Van-Gang. A copy of this paper was obtained and is in our files. In addition, it 

was learned that the United States Sea Bees in 1964 set up a filtration plant in the south 

and pumped water from lakes or rivers through the filtering system into water towers. 

The water was then distributed through plasticpipe. The people liked this arrangement; 

at that time they were buying water from boat vendors. It was discovered that the people 

did not want to go very far for water and if well water was not convenient, they would use 

water from the ponds, etc. Hence, the distribution system increased the usage of well 

or filtered water. It was reported that two 2-man maintenance teams had been set up to 

service pumps. A catalog was also obtained from the Montrevil Company located in 

Saigon describing some French pumps. 

Laos 

Apparently in 1963 there was only one man familiar with pumps in Laos; however, 

since that time ten coring drilling rigs.have been converted to well drilling. Also during 
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this time, some money has been appropriated to establish a foundry; however$ as far as 
we know, no further action has been taken. 

Most of the wells are dug wells, and few, if any, water-table studies have been 
made. Some of the dug wells are lined with cast-concrete rings 3 feet or so in diameter 
and 18 inches in length. These wells are 15 to 20 feet deep. Some windmill-driven 
pumps have been tried, but lack of maintenance has terminated this. 

DACCA, EAST PAKISTAN 

Date of Visit 

August 30 through September 3, 1966 

Persons and Organizations Contacted 

Mr. James Cassanos, Engineer, U.S. AID 
Mr. Salam, Chief Engineer, Public Health 
Representatives of Camp, Dresser, and McKee, Consulting Engineers 
Mr. M. H. Khan, Executive Engineer, Comilla and two other districts 

Field Trip 

Comilla and two other districts (45 minutes by air south of Dacca) 

Summary of Information 

At the present time, the Department of Health or equivalent office of East Pakistan 
(of which Mr. Salam is Chief Engineer) is responsible for making water available to the 
people. AID has done quite a bit in the past and probably will do more in the future, as 
far as hand pumps are concerned; however, East Pakistan is now doing much of its own 
financing. 

With the exception of those in the coastal area of the Bay of Bengal, most of the 
pumps are shallow-well pumps with water levels not exceeding 15 feet or so from the 
surface. In the Bay of Bengal area, some wells are as deep as 700 feet; however, the 
water level in most of the wells is within 20 feet or so of the ground surface and shallow­
well pumps are used. In a few wells where the water in the well is deeper, modified 
shallow-well pumps are used. 

There is very little rock or stone in East Pakistan and tube wells can be sunk by 
hand by a method called the sludger method. Wells are also sunk by the water-jet system. 

Practically all of the pumps that are used in East Pakistan are a fairly close copy 
of the Maya No. 6 pump made in Calcutta, India. Prior to their independence, the people 
of East Pakistan obtained practically all of their pumps from India; however, since their 
independence, several foundries in Dacca and Chittagong have supplied East Pakistan 
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with a poorer quality "Maya" pump. This pump is a cast-iron pump with a cylindrical 
stem which is bored for a 3- 1/2-inch leather plunger. 

The problems are manifold: 

(1) Only a single rough cut made to size the bore 
(2) Very poor threads on pump parts and bolts 
(3) Very poor fit between plunger and plunger rod 
(4) Poor poppet valve facing 
(5) Poor quality leather 
(6) Too brittle cast iron 
(7) Poor quality steel used to make plunger rods and bolts 
(8) Many pump parts become useless in storage because of rust and mildew. 

At the present time, the responsibility for the pumps lies within the Union Council, 
which is the smallest political group and represents about 1, 600 people. Also at the 
present time, there is one mechanic in each Thana, which is the next highest political 
group; however, they are gradually increasing the mechanic to two per Thana. As far 
as parts are concerned, they can be obtained from government warehouses; however, as 
soon as these components are depleted, the Union Council will purchase them on the open 
market. 

There are approximately 150, 000 hand pumps in East Pakistan and many more are 
needed. As in all the other areas we visited, longer operating times between mainten­
ance periods are desired. The major problem is the short 2- to 5-month life of the 
leathers due to the rough bores and poor quality leather as well as constant use of the 
pump. Poor leather also contributes to the relatively short life of bottom flapper valves. 
Piston rods are constantly pulling out of pistons because of poor threads, and poor steel 
used in bolt manufacture makes necessary constant bolt replacing. The handles are con­
tinually being replaced, mostly because of breakage. In some areas pumps are being re­
placed every 4 to 10 years. As in other areas, very few hand tools were seen and very 
few, if any, parts were repaired; rather, they are replaced. 

East Pakistan is capable of manufacturing its own pumps, but it does appear that 
some of its manufacturing techniques could be improved upon. 

One foundry we visited could pour 40 tons of metal a week, and this could be in­
creased to some extent. 

At one time, the hand pump cost $7 or $8 American money; however, this cost has 

increased somewhat during the last few years. Present labor rates range from 2 to 10 
rupees ($. 40 to $2. 00) a day for unskilled to skilled labor. Pump installation costs about 
300 rupees ($63. 00) for labor and is generally accomplished by a contractor. 

The government is active and would like to be more active in improving hand pumps; 
however, the lack of technical experience and the existing methods of doing business are 
real handicaps. For example, 7 years ago a leather-evaluating machine was developed, 
but the testing parameters were loosely defined and the data obtained not reliable. Un­
fortunately, it was used only a few times. 
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CALCUTTA, INDIA 

Date of Visit 

September 8 and 9, 1966 

Persons and Organizations Contacted 

Mr. Robert Harris, Sanitary Engineer, U.S. AID
 
Professor Majumder, All-India Institute of Hygiene and Public Health
 
Mr. L. K. Majumder, Chief Engineer, Public Health Engineer,
 

Government of West Bengal
 

Maya Engineering Works, Calcutta, India 
JPSR Company (Mittra Dass Ghose & Company), Howrah, India (across 

Ganges River from Calcutta) 

Field Trip 

Rural Health Unit and Training Center, Singur, India 

Summary of Information 

The installation and care of hand pumps in India is the responsibility of Public
 
Health Engineering, Government of West Bengal. 
 At present very little All) assistance 
is being given in this area. India is much in need of more pumps, but in the area we
 
visited, Singur IHcalth Center, a training and demonstration center,tume of protected
 
water or water from tube wells it much more conhtton
 

The basic punip u cd ih t.w MNaya No, 0 pump. Moht (4 th. wte!Is .%r,- 100 feet to
 
150 feet deep, but thw water riien to a Ahivrv w ( al
l'vel hli.lluw-.%ll puinip" be usted. 
There are sori, areas ii Calc utta, however, where the water table in brin, illed flown 
because of the demand and etw puiiipli being 1)t t1lIled 111ut be o11 tle de-p %. ll type. 

The mai tmia ,eprobluini wa very well do( 'utisettl (or A period in til. Singur area. 
Some of the replac enitt i, lit ed in order of frequency, are a4 fullowo; 

(1) Bolt t and nuts 
(2) Leathern 
(3) Lower flapper valve 
(4) Lower flaplper valve weight screw
(5) P'int,,, rod 

(6) l'lunger. 

It was laitnid that an inoperable pump could be repaired within 48 hours. rhlgl it 
really possible, is good; but (aster repair might be of necoesity not only to maintain 
health, but also to keep the pump from tbing broken up by 1ho people, 
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One of the biggest problems is the maintenance of the tube well strainer. Appar­
ently the screens have to be rebuilt every 4 or 5 years. Cost of maintenance has been 
between 9 and 10 rupees ($. ?.0 to $1.35) per year per pump. 

The intention of the government officials is to have a well for not more than 130 to 
150 persons and within 2 furlongs of each home, an intent much easier to state than to 
carry out. 

As in East Pakistan, parts rusting in storage also presents a problem. Rusty pump 
bores decrease cup life. 

Only two pump-producing companies were visited; however, there aenms to bte no 
problem in capability or facilities for producing pumps. It is believed) howeverI that 
some improvements in machining techniquet might be helpful. The,,e coIVL')anive make 
their own screens from slotted galvanized pipe cove r-d with 60-mebh brahit sscreen. 

Labor rates range from 2 to 3 rupers ($. 26 to $. 40) per day for unskilled labor to 
4 to 5 rupees ($. 52 to $. 70) per (lay for mkilld labor. 

AMMAN, JORDAN 

Dat. of Visit 

September 15 and 16, 1966 

Persons and Organimationa ContactIod 

Mr. Corge lill, Sanitary Ensineer, U.S. AID 
Mr. Aled ttwCs, Eltinoer, US. AID 

Ministry 01 )I!alth and I nvirnmontal Sanitation 

rield Trips 

Jarash annd AJlon (40 nd 55 mile#, rEopectiv.ly, north of Anms) 
Ram.Ilah 160 mil. weet of Amman) 

Summan ry a! Infla rnwiton 

Thor , wastii- ally no hrAd pwip. to me@ Its Jonlsot antd all the progirem. ccmy 

Two*dA* -1 Itivooligtr llid414 ovol 4 i.* eitf penPis I-k P-ftIs M*it $#04*4 

WW "jiloo. ih wtoc) *14 wctoq 11440)~ jt3 t4Nj.Cl ICj~1, 4'q *.* 

rho PII ti'1.46 I*f. h.*4*t*I*a .j. o of M~'i osi #**4 I*Y , r'0* *q Ii#l fO 

a e* I fi # , 04,4 

http:rEopectiv.ly
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A few pumps have been installed by this Ministry, but those we could find wore of 
Polish manufacture and of the oscillating-vane type, and they have not been working for 
some time. 

There is nved, howtcVcr, for hand punps in Jordan. Maily dirty wVllb wt-re s een 
where onc or two villages were deptndent upn a we11 (o r water and Ohe oii ly ieanti of ob­
taining th wat'r was a rd ,' anrI Iuckvt. 

No factoriem were vinited aw there were none to se. There is apparently little 
government concern for a hand-PWin)u program. 




