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Comments on Battfc4 Pumps 

Para 1.5. ^8 US. Gal/cycle? 20' for shallow and 100* for deep wells. 

See general comments. 

Para 2.0. ASTM SPEC Bl46 - leaded yellow brass? 

3.2.5. Oak tanned, second selection grade leather? 

See general comments. 

Deep Well 

1. Point 22 - should have packing gland and nut, could also use a 

neoprene gland instead of conventional paeking. 

2. Spout with "hook" for hanging bucket is asking for trouble. 

3. A wooden handle without elaborate linkage would be preferable, 

rod guide is unnecessary. 

4. If suggestion 3 is adopted, I would suggest reduction of chamber 

in pump body. 

5. It would be preferable to have a cylinder and drop pipe of 2" - 25/2" 

with 12" stroke so that maintenance is simplified to simply "gutting" 

the pump for repairs. 

6. Foot valve or "lower cheek valve" assembly subject to easy wearing out. 

Suggest replacing with a foot valve assembly that can be removed without 

removing entire pump assembly. 

Shallow Well Pump 

Basically all previous comments apply with the added disadvantage of the 

necessity of priming. 

General Comments 

Where possible I would rather see some other material beside leather 

used in valves and cups. 

The number of strokes needed to fill a 4 gallon tin at 78 Gal/cycle requires 

a great deal more patience than most villagers have plus fatigue effect on 

women and children who are the water carriers. Wherever possible cast metals 

should be discarded in favour of steel of GI piping. 

CWS/EH 
8.5.1969 

i. 
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THE DEVELOPMENT OF A WATER PUMP FOR 
UNDERDEVELOPED COUNTRIES 

by 

D. W. Fr ink and R. D. Fannon, J r . 

INTRODUCTION 

This repor t desc r ibes the development of a hand-opera ted water pump suitable for 
both use and manufacture in developing coun t r i e s . The p r o g r a m was organized in two 
phases : Phase I was a study to de te rmine the r equ i r emen t s imposed upon hand-opera ted 
water pumps by var ious envi ronments , to de te rmine use pa t t e rns prevai l ing in l e s s -
developed countr ies , to identify the shor t -comings of s tandard pumps, and to develop 
detailed requ i rements for the design of a suitable pump. Case h i s to r i e s of pump 
fai lures and successes were obtained f rom both AID personne l and f rom Battel le 
personne l visiting the developing nat ions . A design study was directed toward evolving 
a new pump without the shor tcomings of s tandard pumps and well suited for manufacture 
in developing count r ies . 

Phase II included the design, construct ion, and evaluation of a product ion-model 
pump and formulation of a genera l plan for a typical smal l production facility based upon 
the design of the pump. The p r o g r a m was la te r modified to include specific c r i t i ca l t e s t s 
to de te rmine the functional c h a r a c t e r i s t i c s of hand pumps cur ren t ly manufactured and 
used not only in the developing nations but also in the United Sta tes . 

Basic pump specifications were established at the beginning of the p r o g r a m and 
prevai led throughout the work. These specifications a r e : 

(1) Low production cost 

(2) Long life under s eve re conditions 

(3) Easy to maintain with simple tools and unskil led labor 

(4) Suitable for shallow- or deep-well instal la t ion with only minor changes 
(cylinder location) 

(5) Capable of being manufactured in developing count r ies with a min imum 
of capital investment 

(6) Easi ly operated by smal l people, including women and chi ldren 

(7) Include design fea tures which will d i scourage pilfering and vandal i sm. 

A shallow-well pump is defined h e r e as a pump in which the cyl inder 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. 

B A T T E L L E M E M O R I A L I N S T I T U T E 
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As a r e su l t of this p r o g r a m , a bas ic pump design was evolved. F igures 1 and 2 
show two pumps cons t ruc ted on this bas ic design. It is expected that these pumps will 
p rove able to mee t the or ig inal specifications and, in addition, to meet other r equ i r e ­
men t s es tabl ished during the p r o g r a m . Even though these pump have the specific con­
figurat ion shown, manufac tu re r s in developing countr ies should be encouraged to work 
out o ther configurations which a re acceptable to them and thei r m a r k e t but which 
incorpora te the bas ic design pr inc ip les outlined in this r epor t . If this is done, the pump 
will be m o r e readi ly acceptable to the local people . 

Subtle a spec t s of consumer acceptance always vitally affect design success , and 
attention mus t be given to the potential acceptance p rob l em when this pump design is 
introduced into the var ious developing coun t r i e s . Appropr ia te educational p r o g r a m s 
mus t be devised. 

Work following this p r o g r a m should include field evaluation of the pump and con­
tinued r e s e a r c h to provide improved cups , va lves , and cy l inde r s . 

Gratifying cooperat ion was received f rom AID personne l , f rom represen ta t ives of 
va r ious other Government agencies , and f rom severa l United States manufac tu re r s . A 
p r o g r a m to d i s semina te to them the information acquired during this p r o g r a m should be 
a r r a n g e d . 

A r e p o r t of the t r ip made by Battel le personne l to selected developing nations can 
be found in Appendix A. 

CONCLUSIONS 

The following nine specific conclusions were drawn on the bas i s of the survey and 
the l abora to ry r e s e a r c h conducted during this p r o g r a m : 

(1) Bat te l le p ro jec t t e a m observat ions substant iate AID's conclusion that 
t h e r e is a se r ious need in the developing countr ies visi ted for hand 
water pumps , pa r t i cu la r ly in r u r a l a r e a s ; if this need is comparable 
in other developing a r ea s of the world of i n t e re s t to AID, the challenge 
is t r emendous and a major effort to al leviate the situation is indicated. 

(2) The s ta te of the a r t in foreign count r ies re la t ive to pump design is 
min imal and technical improvement is requi red in a lmost every 
aspect , pa r t i cu l a r ly in the a r e a s of design and m a t e r i a l s ut i l izat ion. 

(3) Impor ted pumps a r e quite often too expensive for a developing nation 
and genera l ly do not meet local r e q u i r e m e n t s . 

(4) Bet ter means for determining well s i tes and depths a r e needed. 

(5) Maintenance p r o g r a m s a r e very poor : 

(a) Needed ski l ls a r e not avai lable 

(b) Responsibi l i ty for maintenance is not defined and maintenance 
r e c o r d s a r e not kept 

B A T T E L L E M E M O R I A L I N S T I T U T E 
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39207 

FIGURE 1. SHALLOW-WELL VERSION OF AID PUMP 
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39209 

FIGURE 2. D E E P - W E L L VERSION OF AID PUMP 
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(c) Adequate inventories of good r ep lacemen t p a r t s a re not readily-
access ib le 

(d) Cooperat ive , communal att i tudes do not p r eva i l in many vi l lages 
that need pumps . 

(6) The basic pump design devised during this p r o g r a m will mee t the needs 
identified. 

(7) Some additional work is advisable: 

(a) Disseminat ion of information to in te res ted agencies and 
organizat ions 

(b) Field evaluation of proposed pump design 

(c) F u r t h e r r e s e a r c h in cups, valves , and cy l inders 

(d) Development and implementat ion of educational p r o g r a m s 

(8) The manner in which the proposed pump design is introduced will have 
extensive implicat ions for the success of the pump and the field t r i a l s ; 
the production and instal lat ion p r o g r a m s mus t take this into cons ide r a ­
tion to be successful . 

(9) Adequate faci l i t ies and skills a r e available in mos t of the count r ies 
visited for local manufacture of pumps designed on the pr inc ip les 
outlined in this r epor t . 

RECOMMENDATIONS 

The following recommendat ions a re based on the conclusions drawn as a resu l t of 
the p r o g r a m . 

(1) AID should a r r a n g e a meeting to provide a specific opportunity for AID 
and Battel le personne l to d i ssemina te r e s u l t s of th is p r o g r a m to all 
in te res ted agencies and organiza t ions . 

(2) Field t r i a l s should be conducted with approximately 20 pumps of the 
proposed design in selected a r e a s under technical ly controlled condi­
tions to de t e rmine : 

(a) Whether the p r e sen t design will p e r f o r m as anticipated under 
field conditions 

(b) The effectiveness of guided pump rods and flapper valves at 
va r ious well depths . 

(3) Resea rch should be continued re la t ive to cup and valve improvement but 
lea ther cups should be used until a m o r e suitable m a t e r i a l is found. 
Additional work might also be done s imul taneously in formulating cyl inder 
coatings that may be m o r e acceptable under va r ious condit ions. 

B A T T E L L E M E M O R I A L I N S T I T U T E 
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(4) Specifically s t ruc tured educat ional p r o g r a m s should be designed for 
introduction of the pump design to var ious count r ies . 

(5) Poss ib i l i t i e s for AID st imulat ion of meta l lu rg ica l improvements 
should be explored. 

(6) Poss ib i l i t i e s for AID st imulat ion of improvement of production 
p r a c t i c e s should be explored. 

PROGRAM APPROACH 

The p r o g r a m followed a na tura l sequence of events . F i r s t , the Battel le staff had 
a s e r i e s of meet ings with AID personne l and with in te res ted personne l f rom other 
Government agenc ies . Much was lea rned f rom these meet ings in that the conditions that 
exis t in many of the developing nations w e r e d i scussed and the most impor tant things to 
be accomplished during the p r o g r a m w e r e es tabl i shed. 

Next, a l i t e r a t u r e s ea r ch and a patent s ea rch were made to uncover as many facts 
as poss ib le concerning modern , hand-pumping methods . Simultaneously, a s t a te -o f - the -
a r t s e a r c h was made . Then a Battel le t e a m made a tour of five selected a r e a s of the 
world which a r e r ep resen ta t ive of condit ions that can be found in developing count r ies . 
It was on this tour that the pro jec t t e a m began to t ruly unders tand the p rob lems of 
developing nat ions as descr ibed by AID pe r sonne l . The t eam was strongly impres sed by 
the needs of these countr ies in t e r m s of t ime and money requi red for technological 
development to improve conditions of everyday living. 

Following the tour of the selected na t ions , Amer ican manufac tu re r s were asked to 
supply information regard ing the technological development of pumps in the United Sta tes . 
An analys is made of all the data col lected revealed that supplementary test ing would be 
needed before a design p r o g r a m could be s t a r t ed . Resul ts of the supplementary tes t s 
that w e r e conducted can be found in a l a t e r sect ion. 

During the second phase of the p r o g r a m , basic p r inc ip les were establ ished and a 
s imple and flexible design was developed and evaluated in the labora tory . In addition, 
cons idera t ion was given to facil i t ies r equ i r ed to manufacture a l imited number of such 
pumps . Final ly , a number of a r e a s w e r e identified in which further work is requi red . 
The a r e a of education falls outside the scope of Bat te l le ' s responsibi l i ty , but, never the ­
l e s s , the Battel le staff bel ieves that if th i s p r o g r a m is to be successful , the pump 
design mus t be introduced p rope r ly and confidently in developing count r ies with a c a r e ­
fully planned educational p r o g r a m . 

ANALYSIS OF UNITED STATES SURVEYS AND OBSERVATIONS 

Both before and after the foreign su rveys made by the project staff, much informa­
tion was obtained f rom var ious sources in the United S ta tes . The following sect ions 
s u m m a r i z e what was learned . 

B A T T E L L E M E M O R I A L I N S T I T U T E 
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Meetings with AID 

Meetings with AID personne l were very effective in establishing the scope of the 
p r o g r a m and providing an insight into the p rob l ems facing the people of developing 
nat ions . Representa t ive developing countr ies w e r e selected for observat ion by the 
Battel le t eam and the philosophies and c h a r a c t e r i s t i c s of these nations were d iscussed 
to provide a bas i s for an effective vis i t . 

L i t e ra tu re Search 

Unfortunately, it was found that there a re no r ecen t development in hand pumps 
descr ibed in the l i t e r a t u r e . Also, there is no information published on related subjects 
associated with developing nat ions . 

Patent Survey 

Again, l i t t le help was obtained from this survey . Most of the patents examined 
desc r ibe pumps of a m o r e complex nature than could be used effectively in developing 
nat ions. 

Manufacturer Contacts 

Contacting United States manufac tu re r s was one of the most impor tant aspec t s of 
the p r o g r a m . It was through these manufac tu re r s that the bas i s for Amer ican pump 
design was learned . P r e s e n t hand-pump configurations a r e based on cons idera t ions of 
cost and on pas t "exper i ence" . However, p las t ic cy l inders a r e being introduced and 
cushioned poppet valves a r e becoming m o r e preve lan t . Product ion techniques provide 
for use of good m a t e r i a l s and interchangeable p a r t s . 

Pump guides a r e used extensively in conjunction with windmil ls , pump jacks , and 
force pumps . This provides a m o r e rugged pump for the heavier job. Mult iple-cup 
plunger use is based on the depth the cylinder is in the well , the number of cups being 
proport ional to the head of water being pumped. 

It was also learned that ball valves as used in the Phil ippines a r e not recommended 
by Amer ican manufac tu re r s because of d is tor t ion of the valve seats caused by the pound­
ing of the heavy ball checks . This m o r e or l ess co r r e l a t ed with observat ion made in the 
Phil ippines. 

ANALYSIS OF FOREIGN SURVEYS AND OBSERVATIONS 

The foreign survey was without question the mos t impor tant input to the p r o g r a m . 
The nations selected for vis i tat ion were : the Phi l ippines , Thailand, Eas t Pakis tan , 
India, and Jordan. The v i s i t s we re made not only to some of the major c i t ies in each 
country, but also to many outlying r u r a l a r e a s . The major city v is i t s were concerned 
with interviewing native pe r sons responsib le for community or r u r a l water and inspecting 
pump manufacturing faci l i t ies . The vis i t s to the r u r a l a r e a s were made to see the actual 

B A T T E L L E M E M O R I A L I N S T I T U T E 
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conditions under which pumps must o p e r a t e . Observat ions recorded can be sum­
m a r i z e d as follows: 

Genera l Need for Pumps 

Without quest ion the re is a t r emendous need for hand pumps in developing nat ions. 
In many c a s e s , 300 or m o r e people get the i r water f rom one pump; in some a r e a s they 
get i t f rom a well without any pump. Many people a re sti l l requi red to get the i r water 
f rom r i v e r s or ponds or pools of collected ra in- fa l l . In one ar id locality, 7000 people, 
and as many goats and b u r r o s , get the i r wa te r f rom one pumpless well . 

Well Dri l l ing P r o b l e m s 

In many a r e a s dry wel ls a re a p r o b l e m . There a r e few if any geologic or hydro-
logic r e p o r t s avai lable . There seem to be no p r o g r a m s planned by any agency or any 
group respons ib le for studying the a r e a in which wells a r e r equ i red . There is l i t t le or 
no evidence of the logging of existing well h i s t o r i e s . Cores a re seldom taken during 
dr i l l ing to de te rmine the bes t wa te r -bea r ing format ions . 

Pump Design P r o b l e m s 

Pumps themse lves a r e in grea t need of improvement and there is very litt le effort 
being made in any of the a r e a s visited to b r ing about the needed improvement s . In 
Thialand it was found, however , that va r ious pumps f rom other countr ies a re being 
tes ted . But, again, this is on a low key. 

The major p rob l em in most of the a r e a s is the rapid wear of the leather cups used 
in the pumps . Very li t t le effort is being made to improve the smoothness of the bore of 
the cy l inders o r the quality of the lea ther used in the cups . Another p rob lem in some 
a r e a s is that ve ry poor nuts and bolts a r e used to fasten the pump components together . 
The re has been no appropr ia te change in des ign and no effort to make be t te r nuts and 
bo l t s . Actually, in some a r e a s , se lect ive fitting i s requi red because the nuts will not 
fit over the bo l t s , or they fit so loosely that they slide up to the head. In o r d e r to make 
any a s sembly at al l , it is often n e c e s s a r y to wrap jute around the th reads so that some 
fastening can be accomplished with the nut and the bolt. 

S torage P r o b l e m s 

Storage of pumps and pump components is also a major p rob lem. Because of the 
high humidity that p reva i l s in some a r e a s , pump cyl inders rus t out and become ineffective 
when finally placed in location. 

Maintenance P r o b l e m s 

Maintenance is very poor to nonexis tent . No respons ib i l i t i es a re given to or defined 
for any group; consequently, once a pump is ins ta l led it is effective only as long as it 
works p rope r ly . On fa i lure , the pump might be torn down and the people r e s o r t again to 
rope and bucke ts , to r i v e r s and ponds, for the i r wa te r . 
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There is a definite lack of ski l l s . The people do not take it upon themse lves to ef­
fect r epa i r , but only wait until a mechanic can come. There is a definite lack of good 
p a r t s and quite often if the pa r t s a r e secured they a re not capable of doing the job that 
i s requ i red because they a r e of poor quality, broken, or cannot be assembled . 

In a lmost all the a r ea s visi ted the re a r e no pe r fo rmance r e c o r d s available; 
consequently, no one could d iscuss causes and effects with the Battelle t eam. There 
was one exception, however, in a single a r ea . In Singur, India, good r e c o r d s have been 
kept and a excellent paper was wri t ten by one of the founders of the p r o g r a m . However, 
even in this case some of the data a r e subject to quest ion. 

Acceptability P r o b l e m s 

Acceptability is a p rob lem - acceptabil i ty of the idea of using pumps for getting 
water , acceptabil i ty of the pump design f rom an aes the t i cs standpoint. This is a major 
p rob lem, and the introduction of any design must be handled through a very definite 
education p r o g r a m . Options in t e r m s of appearance will be required in each a r e a for 
acceptance. 

RESULTS OF TESTING PROGRAM 

The analysis of the survey indicated that addit ional information obtained through 
test ing was requi red before the design of a new pump could be s ta r ted . For example, 
it was felt that the major causes of cup wear should be analyzed and the effectiveness of 
var ious valve types should be determined so that the bes t a r r angemen t s could be used 
in the design. A tes t p r o g r a m was set up to invest igate cup wear and to evaluate var ious 
cylinder m a t e r i a l s , cup m a t e r i a l s , and types of va lves in such a way that each of these 
va r i ab les could be a s s e s s e d on i ts own m e r i t . Consequently, four major studies -were 
made: 

(1) Determinat ion of re la t ive wear and effectiveness of lea ther cups 
associa ted with guided and unguided pump r o d s . 

(2) Determinat ion of re la t ive wear and effectiveness of lea ther cups associa ted 
with s ingle-cup or mul t ip le-cup p lunger s . 

(3) Determinat ion of re la t ive wear and effectiveness of lea ther cups associa ted 
with cyl inder m a t e r i a l s . 

(4) Determinat ion of re la t ive wear and effectiveness of var ious types of 
va lves . 

Tests were conducted on modified, commerc i a l l y available pumps r a the r than on 
completely redesigned laboratory pumps . These pumps included both shallow-well suc ­
tion pumps and deep-wel l lift pumps . Four pumps were set up over a 12-foot-deep pool 
and operated 24 hours a day during the 6-month t e s t p r o g r a m . The pumps were 
mechanical ly operated at about 50 s t rokes per minute by e lec t r ica l ly dr iven pump j acks . 
Each of the pumps was fitted with an hour m e t e r so that evaluations and compar i sons 
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could be made on the bas i s of t ime. F i g u r e 3 shows the l abora tory tes t facility over the 
12-foot-deep pool. One deep-wel l and one shal low-well pump was equipped with a pump 
rod guide. 

The four major studies consis ted of eight bas ic t e s t s . These t e s t s uti l ized 40 
plunger cups with an average of a lmost one mil l ion pumping cycles per cup. Four dif­
ferent types of valves w e r e used as well a s seven p a i r s of cy l inders made f rom iron, 
b r a s s , s tee l , coated s tee l , and p las t i c . An additional t e s t was also made utilizing a pump 
impor ted f rom India for purposes of compar i son and inspect ion. 

Cup Wear Analysis 

The major complaint of all the people in terviewed in the developing nations con­
cerned shor t cup life. In some ins t ances , cup life is only 3 to 4 months; consequently, 
the effectiveness of the pump is only 3 to 4 months and then the people a r e without well 
wa te r unti l the s e rv i ce s of a mechanic can be p rocu red . Somet imes this per iod may be 
as long as a y e a r . There fore , anything that can be done to improve cup life will be a major 
improvement . 

All the l abora to ry t e s t s were conducted with 3-inch cyl inders and with standard 
m e d i u m - g r a d e lea ther cups purchased f rom the same manufac turer . Following the 
exper imenta t ion with lea ther cups, addit ional t e s t s were also made with cups of various 
m a t e r i a l s . 

Cup Wear with Guided and Unguided Pump Rods 

Pumps a r e made the world over with osci l la t ing unguided pump rods and with 
guided pump r o d s . General ly speaking, guided pump rods a r e used on the deeper wel ls . 
However, t he re is no data for the effectiveness of the guided pump rod in providing 
longer life for the cups . Consequently, specific information f rom controlled t e s t s was 
needed. Apparently, the main reason for us ing guided pump rod is to provide a more 
stable pump rod f o r u s e with windmil ls , pump j acks , f o r c e p u m p s , or heavy-duty equipment. 

Shallow Well. Cup wear was l e s s than 20 pe rcen t 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. I ron cy l inders were chosen for many of these 
example i l lus t ra t ions because more wear o c c u r r e d with the i ron cyl inders than with 
cy l inders made f rom other m a t e r i a l s . 

Deep Well. General ly , cup wear in the deep-wel l pumps was more than twice that 
of the cups in shal low-well pumps and t h e r e was m o r e than twice the wear in cups from 
pumps with unguided rod than in cups f rom pumps with guided rod. Deep-well cup wear 
can be noted in F igu re 5. 

Conclus ions . There i s no r e a s o n to have pump rod guides on shallow-well pumps. 
Although osci l la t ion of the cups is g r e a t e r in shal low-well pumps , the re is no la rge head 
of wa te r on the cups to cause the wea r . In deep-wel l pumps it does appear that pump 
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FIGURE 3. LABORATORY TEST FACILITY OVER 1 2 - F O O T - D E E P POOL 
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1 

35865 
a. With Unguided Pump Rod 

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 

FIGURE 5. LEATHER CUP AFTER TEST IN IRON CYLINDER OF D E E P - W E L L PUMP 
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guides a r e helpful in re ta rd ing cup wear , at l eas t in pumps with the cylinder 12 feet 
below the pump body. Additional t e s t s a r e requi red to detect whether this is t rue in 
deeper we l l s . Deeper wel l s , of cou r se , provide a g r e a t e r head of wate r on the cups, 
forcing them h a r d e r against the cyl inder wal ls but, at the same t ime , oscil lat ion is much 
l e s s . 

Cup Wear with Single-Cup and 
Mult iple-Cup P lungers 

All of the shal low-well pumps invest igated have s ingle-cup p lungers . However, 
many of the deep-wel l pumps , such as those investigated in the Phi l ippines , have as many 
as four cups on a plunger . One of the manufac tu re r s in the United States suggested that 
one-cup p lungers be used to the 50-foot depth of the cyl inder , then two cups be used to 
the 125-foot depth, and th ree cups to the 200-foot depth. Some of the wells visited in the 
Phil ippines were 400 feet deep, but genera l ly water came to within 75 feet of the surface. 
These pumps had four cups . The t e s t s conducted at Battel le were conducted with two-
cup p lunger s . 

Shallow Well. The cups of shal low-well mul t ip le-cup plungers show more than 
twice the wear than cups of s ingle-cup p l u n g e r s . In the labora tory the pump with the 
unguided pump rod failed (snapped draw pipe) after 88 hours of operat ion because of the 
violent action set up by the binding, osci l la t ing pump rod. F igure 6 shows the resu l t of 
this t es t . 

Deep Well. A v e r y slight d e c r e a s e in wear was noted between the two-cup a r r a n g e ­
ment and the s ingle-cup a r r angemen t . Resul t s of t e s t s with such cups can be seen in 
F igure 7. 

Conclus ions . Without question, mul t ip le l ea ther p lungers should not be used in 
shal low-well pumps and they cer ta inly do not appear to provide an advantage in deep-well 
pumps when instal led in shallow wel l s . F u r t h e r test ing at var ious depths in deep wells 
would be n e c e s s a r y to de te rmine at what p r e c i s e depth additional cups become neces sa ry . 
Apparent ly , mult iple cups in the deeper wel ls with the g r ea t e r heads of water act as 
labyrinth s ea l s , and when multiple cups a r e not used, the inc rease in head can actually 
tu rn a single cup inside out. 

Cup Wear with Various Cylinder Mate r i a l s 

This group of t e s t s was probably the mos t significant in re la t ion to cup wear . 
The re is a g r e a t e r co ro l l a ry between cup wear and smoothness of cyl inder bore than 
between cup wear and any other single va r i ab l e . Most of the cyl inders that a re used 
today a r e made e i ther f rom cas t i ron or f rom b r a s s and, without question, most of the 
t rouble o r shor t life occur s with the i ron cy l inde r s . The labora tory t e s t s proved con­
clus ively that cup wear is propor t ional to the smoothness of the cyl inder . Because of 
the high cost of b r a s s , and also because b r a s s is v i r tual ly unobtainable in some a r e a s , 
o ther m a t e r i a l s were also tes ted for poss ib le cyl inder m a t e r i a l s in these a r e a s . 
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;.V\" mm 
Top Cup Bottom Cup 36881 

a. With Unguided Pump Rod, Fai led After 88 Hours 
Due to Virbra t ion 

Top Cup Bottom Cup 

b. Pump With Guided Pump Rod 

36884 

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 D E E P - W E L L PUMP 
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Cup Wear with Iron Cyl inders . The smoothness of i ron cyl inders used in the 
United States ranges f rom 50 to 200 mic ro inches , with the average smoothness well over 
100 mic ro inches . Cup wear in the iron cyl inders in both shallow-well and deep-wel l 
pumps was noted to be 20% or g rea te r then with the b r a s s cy l inders . F igu re s 4 through 
7 indicate the wear under var ious conditions t es ted . It was also noted that the i ron 
cyl inders quickly rus ted in the a reas 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 easi ly understood why cup wear in some of the 
pumps in the developing nations is so high. Pa r t i cu l a r l y in Eas t Pakis tan and India, 
roughness of rusted cylinder bo res of pumps in s to rage mus t have been close to 1000 
micro inches or m o r e . This , coupled with poor quality cups would make the effective 
life of a pump very shor t . 

Cup Wear with B r a s s Cyl inders . The smoothness of the bore of the b r a s s cyl inders 
examined measu red between 4 and 8 micro inches as compared with the smoothness of the 
i ron cyl inders of 50 to 200 mic ro inches . Even when the t es t s were run twice the average 
t ime there was no significant cup wear . Compar i son can be made between F igure 8 
showing the b r a s s cylinder and Figure 5a showing the i ron cylinder. These seem to be 
the wors t cases for wear , represent ing the deep-wel l 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 Pla in-Stee l Pipe (Schedule 40) Cylinder . Because of the machine 
shop p rac t i ce s observed in many of the developing nat ions , it is believed that s tee l pipe 
would make an effective cylinder for pumps . P l a i n - s t e e l pipe has an inside surface 
finish between 140 and 180 mic ro inches , which is cer ta in ly comparable to that of i ron 
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cy l inders which m e a s u r e between 50 and 200 micro inches inside surface finish. It was 
disappointing to find that p la in - s tee l pipe cyl inders did not pe r fo rm as well as i ron 
cy l inde r s , as seen in F igu re 9. This cyl inder lasted only one-half the average tes t t ime. 

FIGURE 9. LEATHER CUP AFTER FIRST HALF OF TEST 
IN PLAIN-STEEL-PIPE CYLINDER - D E E P -
WELL PUMP WITH UNGUIDED PUMP ROD 

It has been hypothesized that the r ea son for the g rea te r wear of the p l a in - s t ee l -
pipe cy l inder , even though the smoothness of the cyl inder is equal to that of the iron 
cyl inder , is that the surface is re la t ively smooth but with peaks . The i ron cylinder is 
re la t ive ly smooth with val leys in the surface caused by the machining. Because the s teel 
pipe is h a r d e r than the i ron cylinder, the sharp peaks tend to t ea r and abrade the cups 
m o r e rapidly . Another advantage the i ron cylinder s eems to have over the s teel pipe is 
that the i ron cyl inder tends to become smoother with the honing action of the leather cup. 
It was decided to clean out or bu r r the s teel pipe with a cutting mechan i sm such as is 
used to c lean boi le r tubes . This did not significantly improve the surface finish, but 
apparent ly dulled the cutting edges of the minute p ro t rus ions . F igure 10 shows the effect 
of bu r r i ng the cyl inder . F igure 11 shows a cup after testing in the bur red cylinder in a 
shal low-wel l pump. 

Cut Wear with Pla in-Stee l Pipe Cyl inders with Coatings. Because p la in - s tee l pipe 
offers a s t rong, round cyl inder with smoothness comparable with that of i ron pipe, it 
was decided that s teel pipe would make good cy l inders if the inside surfaces were coated. 
This i s a re la t ive ly inexpensive p r o c e s s and s teel pipes could be quite effective as 
cy l inders at a re la t ive ly smal l cost as compared with b r a s s cy l inders . 

Three coatings were tes ted. The f i r s t was an epoxy phenolic coating which 
r equ i r ed a 30 minute bake period at approximate ly 425 deg rees . Several coats were 
r equ i red . The second coating tested was a tung oil phenolic which requi red air drying 
between s eve ra l coats and final baking for one hour at 275 degrees . The thi rd coating 
was a m o i s t u r e - c u r e d ure thane that requi red only curing at room t empera tu r e for 72 
h o u r s . Pipe p r epa ra t i on was the same in all c a s e s . The pipes were scaled with a wire 
b r u s h and deg reased with a common solvent. The coatings were all applied in the same 
m a n n e r . This application was quite s imple; one end of the pipe was stoppered and the 
coating poured in the open end. The open end was then stoppered and the pipe rolled 
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36888 

FIGURE 10. LEATHER CUP AFTER SECOND HALF OF TEST IN PLAIN-
S T E E L - P I P E CYLINDER-DEEP-WELL PUMP WITH 
UNGUIDED PUMP ROD (BURRED CYLINDER) 

37127 

FIGURE 11. LEATHER CUP AFTER TEST IN P L A I N - S T E E L - P I P E 
CYLINDER-SHALLOW-WELL PUMP WITH GUIDED 
PUMP ROD (BURRED CYLINDER) 
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FIGURE 12. LEATHER CUP AFTER TEST IN P L A I N - S T E E L - P I P E CYLINDER 
COATED WITH AN EPOXY-PHENOLIC-DEEP-WELL PUMP WITH 
UNGUIDED PUMP ROD 

37125 

FIGURE 13. LEATHER CUP AFTER TEST IN PLAIN-STEEL PIPE CYLINDER 
COATED WITH A TUNG OIL PHENOLIC-DEEP-WELL PUMP 
WITH UNGUIDED PUMP ROD 

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



21 

horizontal ly so that the coating would contact all of the in te r io r sur face . The s toppers 
were then removed and the excess coating poured out. The pipes were then stored 
ver t ica l ly to dra in forming a uniform coating on the in te r ior surface . 

Cup Wear with P la in-Stee l Pipe Cylinders Coated with the Epoxy Phenolic Coating. 
The smoothness of the epoxy-phenolic coating was f rom 8 to 12 mic ro inches . As with 
all the other cy l inders , tes t ing was done in both shallow- and deep-wel l pumps and with 
both guided and unguided pump rods . Wear of the cups was insignificant as it was with 
the b r a s s cy l inders . F igu re 12 shows a lea ther cup after testing in a pipe cylinder 
coated with the epoxy phenolic coating. 

Cup Wear with P la in-Stee l Pipe Cyl inders Coated with the Tung Oil Phenolic 
Coating. The smoothness of the tung oil phenolic coating was from 4 to 7 mic ro inches . 
However, this coating did not p e r f o r m as well as the epoxy phenolic coating and t e s t s 
were discontinued. F igure 13 shows a cup after tes t ing . 

Cup Wear with Pla in-Stee l Pipe Cyl inders Coated with Mois tu re -Cured Urethane 
Coating. The m o i s t u r e - c u r e d ure thane coating had a surface smoothness of 3 to 8 m i c r o -
inches . Tes ts indicated that wear of the lea ther cups was as good as with the epoxy 
phenolic coating. F igure 14 shows a cup after tes t ing . It might be significant to note 
h e r e , though, that l a te r t e s t s 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 P las t ic Cyl inders . Because p las t ic pipe is now being used for 
many underground applications and because it can withstand substant ial p r e s s u r e s , t he re 
is no reason to suspect that p las t ic pipe cannot be used successful ly for pump cy l inde r s . 
Therefore , a sample of p las t ic pipe of polyvinyl chlor ide was made into a cyl inder . The 
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surface smoothness was measu red f rom 4 to 10 mic ro inches . Tes t s indicated that 
p las t ic pipe is as good as b r a s s pipe when the wear of the cups is compared . (See 
F igu re 15. ) It should be noted that the p las t i c pipe should be used only in deep-wel l 
applicat ions because s t ruc tura l ly 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 Calcut ta . The bore of the pump imported 
f rom Calcut ta m e a s u r e d between 240 and 280 mic ro inches finish. This shallow-well 
pump was opera ted the full t es t t ime . However , the lea ther was badly worn (twice that 
of the 3 in. cups in U .S . manufactured cy l inders ) , as can be seen in F igure 16. However, 
the wear of the lea ther was at the heel r a t h e r than on the sides of the cup. This is 
probably due to the l a r g e r d iameter (3 -1 /2 inches) , poor tanning of the lea ther , and the 
f lexure of the lea ther while in operat ion. Moreover , the port ion of the cylinder not wiped 
by the cup was quite rus ted after only two weeks of pumping. 

Conclus ions . The r e su l t s of the t e s t s indicate that cyl inder bore smoothness is the 
mos t impor tan t single va r i ab le controll ing cup wear , and that a good pump design will 
include a cyl inder with as smooth a bore as poss ib le . Although the tes t s were conducted 
under l abora to ry condit ions, it is probable that any conditions m o r e s t renuous than the 
t e s t conditions would only amplify the findings. 

Cup Wear with Var ious Cup Mater ia l s 

Leather appears to be an excellent cup m a t e r i a l because of i ts availabili ty and b e ­
cause it can be manufactured with a wide to le rance range and, if p roper ly tanned, will 
give long life. The g r ea t e s t disadvantage, however , is the range of quality of lea ther 
and the fact that lea ther will c rack under cyclic wetting and drying conditions. T h e r e ­
fore , other poss ib le m a t e r i a l s should be invest igated for p r o p e r t i e s that might be be t ter 
than those of l ea the r . By the end of the tes t ing p r o g r a m , many new var ia t ions of 
m a t e r i a l s and cup designs were p rocured through m a t e r i a l suppl iers such as Du Pont and 
E. F . Houghton & Company and through var ious cup f ab r i ca to r s . However, t ime p e r ­
mit ted only two of these ma te r i a l s to be t es ted . 

Cup Wear with Cups Made f rom Rek-Syn (E. F . Houghton & Company). This cup, 
which is compounded from a special r e s in and e l a s tomer , is used by one manufacturer 
in pumps exported to South Amer ica . Two cups were procured ; however, one was too 
smal l and would not pump at all . The second was a good fit with the cylinder and did very 
well . It was used in conjunction with the p l a i n - s t e e l pipe cylinder (burred) and no signi­
ficant wear was noted at the end of the t e s t . F igu re 17 shows this cup after t e s t . 

Cup Wear with Cups Made from Corfam Impregnated with Urethane (E. I. Du Pont 
de Nemours & Company, Incorpora ted) . This cup wore much m o r e rapidly than the Rek-
Syn cup, as can be seen in F igure 18. However, the tes t pe r formed was not a good tes t 
because the cup was too la rge for the p l a in - s t e e l pipe cyl inder (burred) used. 
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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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FIGURE 17. SYNTHETIC (RESIN-E LAS TOMER) CUP AFTER TEST 
IN P L A I N - S T E E L - P I P E CYLINDER - D E E P - W E L L 
PUMP WITH GUIDED PUMP ROD (BURRED 
CYLINDER) 

39077 

FIGURE 18. CORF AM IMPREGNATED WITH URETHANE AFTER TEST 
IN P L A I N - S T E E L - P I P E CYLINDER - D E E P - W E L L 
WITH GUIDED PUMP ROD (BURRED CYLINDER) 
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Conclusions. At this t ime , lea ther is sti l l the bes t ma te r i a l for cups . However, 
in many a r e a s tanning could be improved. Leather is bes t because of the wide to le rances 
p e r m i s s i b l e in the manufacture of the cups . In the ca se of the synthetic cups, to le rances 
mus t be very c lose because there is very li t t le s t re tching of the cup and, consequently, 
they cannot conform to the cylinder walls as do the l ea the r cups. It is bel ieved, however, 
that cups can be made from synthetic m a t e r i a l s if they a r e proper ly designed and if 
m a t e r i a l s of p rope r composit ions a r e used. These cups would have be t te r ab ras ive and 
wetting and drying quali t ies than the leather cups now being used; however , an additional 
r e s e a r c h and development p r o g r a m would be requ i red to provide these cups . 

VALVE-TYPE EFFECTIVENESS 

The two mos t common types of checkvalves used in hand pumps today a r e 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 e i ther a flapper valve o r a poppet 
valve. General ly speaking, all of the shallow-well pumps examined in the United States 
and developing count r ies during this p r o g r a m had l ea the r flapper valves in the bot tom of 
the cyl inder . Conversely , a lmost all of the deep-wel l pumps had poppet valves in the 
bottom of the cyl inder . 

There a r e va r ious types of poppet valves and f lapper valves . In the Phi l ippines , 
the poppet valves a re all of the ball type in which the valve is composed of a seat , a 
cage, and within the cage a bal l . In other a r e a s the m o r e common standard t ee - shape 
(in c r o s s section) poppet valve is used . The seal is m e r e l y m e t a l - t o - m e t a l as is the 
bal l poppet- type valve. Amer ican manufac ture rs a r e now placing a rubber gasket in the 
poppet valve, so that every t ime the valve c loses , a rubber gasket cushions the impact . 
Only in one instance in Eas t Pakis tan were spr ings used to help c lose the valve. In the 
United States s eve ra l designs of poppets a re used, depending on whether the poppet is 
enclosed in a cage or whether it is r e s t ra ined by v i r tue of i ts design. 

F lapper Valves 

F lapper valves a r e of two types . The type used in all the developing nations is the 
fu l l -c i rc le type in which a fu l l -c i rc le lea ther is squeezed between the valve body and the 
cyl inder; the flapper is cut out from this port ion except for a connection point. Weight is 
added to the flapper to a s s i s t in closing. The other type of valve is made in the United 
States and is used in cyl inders where the caps a r e th readed into the inside of the cylin­
de r . Only the flapper itself is attached to the valve housing by means of two s c r e w s . 
This valve provides no advantage over the fu l l -c i rc le valve other than that it r e q u i r e s 
l e s s m a t e r i a l . The opera t ion is the same . This valve pe r fo rms re l iably in both deep-
well and shallow-well a r r angemen t s in the l abora to ry , and there is no r eason to a s ­
sume that it cannot be used in deep-well appl icat ions, un less it is because of the f r e ­
quency of needed rep lacement . 

Because the quality of lea ther en te r s into the pe r fo rmance of the flapper valve, a 
new m a t e r i a l was tes ted , a nylon fabric impregnated with neoprene marke ted under the 
t r ade name of " F a i r p r e n e " 12-003 by Du Pont. Valves of this m a t e r i a l do an excellent 
job and were never replaced in the labora tory t e s t s . In compar ison , lea ther valves used 
in the t e s t were replaced frequently because of cracking and the fear of fai lure before a 
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t e s t was completed. According to the manufac tu re r , " F a i r p r e n e " or s imi la r m a t e r i a l s 
have v i r tua l ly ze ro fatigue and they can be used a lmost indefinitely. They a r e not af­
fected by cyclic conditions of wetting and drying as leather valves a r e . 

Poppet Valves 

Two types of poppet valves were examined: poppet valves with m e t a l - t o - m e t a l 
contact and poppet valves with a cushioning gasket . Both types seem to be sat isfactory 
for light use ; however , d is tor t ion of the poppet was very noticeable in those valves in 
which t h e r e was no cushioning gasket . This d is tor t ion was even m o r e noticeable where 
the poppets had la rge movements . F igu re 19 shows the dis tor ted c a s t - i r o n poppet from 
a plunger valve after s eve ra l tes t p e r i o d s . The poppets that had cushioning gaskets 
showed no d is tor t ion at a l l . This does not mean that the poppets or the rubber gasket 
would not d i s to r t after a per iod of t ime; but it does show that cushioned valves will last 
longer . 

39826 

FIGURE 19. DISTORTED CAST-IRON P O P P E T FROM 
PLUNGER VALVE AFTER SEVERAL 
TEST PERIODS 

Conclus ions . Both the poppet and the flapper valves a re adequate. However, poppet 
valves should have a cushioning gasket and should only have lift enough for 100 percent 
through a r e a to reduce the pounding effect. F lapper valves should be made f rom 
F a i r p r e n e or s imi l a r m a t e r i a l for long life. At this t ime , it is recommended that poppet 
valves be used in all p lungers and in deep-wel l pump cy l inders . F lapper valves made 
f rom the nylon impregnated with neoprene should be used in all shallow-well pump 
cy l inde r s . F lapper valves with the improved ma te r i a l should pe r fo rm most sa t i s fac­
tor i ly in deep-wel l applicat ions; however , fur ther t e s t s a re n e c e s s a r y to substantiate 
this conclusion. 
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Metal lurgical Analysis 

In many of the a r e a s vis i ted by the Battelle t e am, complaints were received con­
cerning the b r i t t l eness of the pumps being manufactured. However, the manufac ture rs 
of these pumps were not able to supply accura te ana lyses of the iron being used. T h e r e ­
fore, samples of m a t e r i a l s were brought back to Bat te l le for ana lys i s . Table 1 shows 
the analys is of the gray i ron samples f rom the JSPR Manufacturing Company in Howrah, 
India; the Maya Pump Company in Calcutta, India; the Government foundry in Korat , 
Thailand; and the Fabr ica t ion Foundry & Engineering Works in Dacca, Eas t Pakis tan . 

TABLE 1. CHEMICAL ANALYSES OF GRAY CAST-IRON SAMPLES 

Values Given in P e r c e n t 

Sample Identification 

Total Carbon 
Silicon 
Manganese 
Phosphorous 
Sulfur 
Carbon equivalent 
Aluminum 
Antimony 
Arsenic 
Bar ium 
Beryl l ium 
Bismuth 
Boron 
Chromium 
Cobalt 
Columbium 
Copper 
Germanium 
Lead 
Molybdenum 
Nickel 
Te l lur ium 
Tin 
Titanium 
Tungsten 
Vanadium 
Zinc 
Gallium 
Calcium 

J . S . P . R . 

3.75 
1.65 
0.44 
0.271 
0.082 
4.39 
0.001 

<0.002 
0.014 

<0. 002 
<0.0005 
<0.002 
<0.001 

0.02 
0. 005 

<0 .01 
0.006 
0.002 
0.003 
0.002 
0.008 

<0.002 
0.005 
0. 135 
0. 015 
0. 009 

<0.002 
0.002 

<0.001 

Kora t 

3.57 
2 .03 
0.20 
0.259 
0.050 
4 .33 
0.001 

<0.002 
0.037 

<0.002 
<0.0005 
<0.002 
<0.001 

0.08 
0.008 

<0.01 
0.31 

<0.002 
<0.002 

0.01 
0.08 

<0.002 
0.019 
0.023 

<0.01 
0.009 

<0.002 
0.002 
0.001 

Dacca 

3. 18 
2.19 
0.52 
0. 188 
0. 100 
3.96 
0. 007 

<0.002 
0.019 

<0. 002 
<0.0005 
<0.002 
<0.001 

0.25 
0.006 

<0.01 
0. 29 

<0.002 
0.002 
0. 14 
0.09 

<0.002 
0. 11 
0.059 
0.01 
0.009 

<0.002 
0. 002 
0.001 

Maya 

3.30 
1.96 
0.38 
0.403 
0. 110 
4. 10 
0.007 

<0. 002 
0.012 

<0. 002 
<0. 0005 
<0.002 
<0. 001 

0.02 
0.004 

<0.01 
0.007 

<0.002 
0.002 
0.005 
0.009 

<0.002 
0.005 
0. 105 
0.01 
0.009 

<0.002 
0. 002 

<0.001 

The chemical analys is showed very high phosphorus content, pa r t i cu la r ly in the 
Maya sample . This alone could be respons ib le for the excess ive b reakage . The effect 
of the phosphorus is shown in the top photomicrograph in F igu re s 20 through 23. The 
i r r e g u l a r shaped light consti tuent with the da rk dots i s m a s s i v e Steadite, an eutectic mix ­
tu re of i ron carbon and i ron phosphide. It is ex t remely ha rd and br i t t l e and tends to 
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.-; A * 

500X 

a. Mass ive Steadite 

4B960 

500X 4B961 

b. Areas of Fine Graphite Surrounded With F e r r i t e 

FIGURE 20. J. S. P . R. COMPANY IRON 
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500X 4B966 

a. Massive Steadite 

500X 4B967 

b. Fine Graphite Surrounded With F e r r i t e and Some Steadite 

FIGURE 21. KORAT COMPANY IRON 
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500X 4B964 

a. Massive Steadite 

500X 4B965 

b. Fine Graphite Surrounded With F e r r i t e 

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 i ron br i t t l e and weak. Such i ron has low re s i s t ance to impact and is difficult 
to machine . The Dacca i ron pictured in F i g u r e 22 contains l e s s than the normal maxi ­
m u m of 0 .2 pe rcen t phosphorus . Steadite makes i ts appearance in the mic ro s t ruc ture 
when the phosphorus exceeds about 0. 15 pe rcen t . 

Some additional hardening of the i ron would be obtained f rom the 0. 25 percen t 
ch romium in the Dacca i ron, the 0. 31 and 0. 29 pe rcen t copper in the Korat and Dacca 
i ron , and the 0.11 pe rcen t tin in the Dacca i ron . 

Chemical const i tuents in the i rons which would be expected to inc rease the b r i t t l e -
ness of the i rons a r e shown in Table 2. 

TABLE 2. ELEMENTS IN THE IRONS THAT WOULD 
CAUSE BRITTLENESS 

Iron 

J . S . P . R. 
Korat 
Dacca 
Maya 

P e r c 
Phosphorous 

0. 271 
0.259 
0. 188 
0.403 

e n t of Det r imenta l E lements 
Chromium 

- -
- -

0.25 
- -

Copper 

- -
0.31 
0.29 

- -

Tin 

- -
0. 11 

- -

The bot tom photomicrographs of F i g u r e s 20 through 23 show that the m i c r o s t r u c -
t u r e s of all the i rons contained a de t r imen ta l graphi te s t r uc tu r e . A fine graphi te s t r u c ­
tu re genera l ly lowers the s t rength and impact r e s i s t ance of i r o n s . The graphite s t r u c ­
tu re can general ly be improved by p rope r inoculation provided that: (1) the carbon 
equivalent (carbon plus 1/3 silicon plus 1/3 phosphorus) equals about 4 or l e s s , and 
(2) the i ron t e m p e r a t u r e is high enough (over 2550 F) . Inoculation of cas t i ron is the 
late addition of a m a t e r i a l to a molten cas t i ron so as to affect the p rope r t i e s of the 
resu l t an t cas t ings to a deg ree that cannot be explained by the change of composit ion 
produced. A l a r g e va r ie ty of c o m m e r c i a l inoculants a r e avai lable . 

Conclusions . The g rea te s t improvement in the cas t i rons would be obtained by 
using raw m a t e r i a l s with a lower phosphorus content, so that the phosphorus content of 
the i rons would be under 0. 15 percent . Some additional improvement would also be ob­
tained by inoculating the i r o n s . Some improvement in the h igh-phosphorus i rons would 
a lso be obtained by a full annealing t r e a t m e n t (heat to about 1500 F and furnace cool). 
This t r ea tmen t would t r a n s f o r m mos t of the pea r l i t e into f e r r i t e . 

There a r e additional aids that would be quite helpful in regulat ing the quality of 
the i r i ron, including the segregat ion of raw m a t e r i a l s , p igs , s c r ap i ron, s teel , e tc . , 
into sepa ra te p i les so that the charge can be made up of known m a t e r i a l s . Another aid 
would be analys is of the m a t e r i a l cas t so that the foundry might be kept aware of the 
quality of the cas t ings being made . The th i rd aid would be p rope r control of the air that 
goes into the cupola. No controls at al l w e r e seen in any of the foundries vis i ted. 
P rac t i ca l ly no control was observed over the type of coke or charcoa l used in the 
cha rge . 
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PUMP DESIGN 

On the bas i s of the s t a t e -o f - the -a r t survey, contacts made with United States 
manufac tu re r s , the survey made in the developing na t ions , and the me ta l lu rg ica l and 
des ign analyses , the following pump design pr inc ip les w e r e es tabl ished: 

(1) The pump should be of the s imple piston des ign 

(2) The basic components should be adaptable for assembly for e i ther deep-
or shallow-well operat ion 

(3) The bas ic design should be flexible enough to p e r m i t use of inexpensive 
and conventional configurations and deta i ls whenever this is compatible 
with good mechanica l design, to p e r m i t giving the pump a " fami l i a r " 
appearance to i nc rea se its acceptabil i ty in developing nations 

(4) The basic design should be flexible enough for adaptation to varying 
degrees of sophist icat ion in t e r m s of m a t e r i a l s and manufacturing 
p r o c e s s e s , to innovations in design and m a t e r i a l s , and to differences 
in the conditions of individual count r ies 

(5) The pump should consis t of the min imum number of components , but this 
should not r e su l t in the need for compl ica ted p a r t s 

(6) The bas ic design should incorpora te a m i n i m u m number of threaded 
fas teners and use a s tandard pump rod with j a m nuts or sealant 

(7) Corros ion protec t ion should be provided 

(8) The design should allow for the use of be low-grade m a t e r i a l s 

(9) The design should uti l ize lea ther cups and nylon impregnated with 
neoprene flapper valves where applicable; rubbe r cushioned poppet 
valves should be provided for deep-wel l appl icat ions and for p lungers , 
and they should have only enough lift to provide 100 percen t through 
a r e a 

(10) Cyl inders should have as smooth a bore as poss ib le with the available 
m a t e r i a l s and tooling and should not exceed 3 inches in d iamete r 

(11) A pump rod guide should be provided for spec ia l applications and 
mult iple-cup p lungers should be used only in wel ls m o r e than 50 
feet deep 

(12) Maintenance should be easy and inexpensive . 

Simple Pis ton Pump 

The pump needed mos t in developing nations i s a s imple piston pump. The p r o ­
posed simple piston pump is composed of a body, a fu lcrum, a handle, a single cyl inder , 
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a p lunger , and two check valves , one in the plunger and one in the cyl inder . This pump 
can be used for pumping in shallow wells and deep wel ls , and is not designed for use as 
a force pump or a double-act ing pump. Two vers ions of the proposed pump are shown 
in F i g u r e s 1 and 2. Layouts of the shal low-well and deep-wel l pump can be seen on 
drawings E-0005 and E-0006 which accompany this r epor t . 

Adaptation for Deep- and Shallow-Well Operat ion 

In many of the developing nations it i s n e c e s s a r y that pumps be available for both 
deep - and shal low-well pumping. At the p r e s e n t t ime in many of these a r e a s two 
s e p a r a t e types of pumps a re requ i red . The proposed design is such that the cylinder 
can be placed e i ther in connection with the body or at the end of the draw pipe below the 
surface of the wa te r . No additional p a r t s a r e requi red except where a deep-well pump 
is u sed in a shallow well . In such a case it may be n e c e s s a r y to replace the cap and the 
fulcrum to provide longer life for the cups . It is expected, however, that field testing 
will r evea l that below some c r i t i ca l depth this change will not be requ i red . 

Flexibil i ty and Appearance 

In o r d e r to diminish p rob lems of acceptabi l i ty , the ex te r io r appearance of the pump 
mus t be s i m i l a r to that of pumps p re sen t ly being used . That i s , the body should be 
s imi l a r to local pump bodies , the pump should be composed of handles , fulcrums, and 
cy l inde r s as known in the a r e a . So that acceptance r a t e s will be as high as poss ib le , 
the des ign m u s t be flexible enough to allow engineers in the var ious countr ies to redesign 
contours according to the i r own asthet ic va lue s . A good case in point is the Korat Pump 
fcl in Thailand. This pump is a perfect ly good pump made from piping components . 
It proved to be an effective pump; however , because it did not have an appearance p leas ­
ing to the engineers of Thailand, it was never accepted. Acceptable appearance to an 
Amer i can des igner may not be acceptable appearance to a des igner in a developing 
nation. However, whatever changes a re made in the appearance of the pump, the basic 
engineer ing p r inc ip les mus t be adhered to . 

Flexibi l i ty of Technology 

Because of differences in technical leve ls in the var ious developing nat ions, it 
cannot be expected that the proposed pump be manufactured exactly as p resen t ly designed 
in all the coun t r i e s . The design of the pump mus t take into account p r e sen t technological 
levels as well as changes that a re expected to come . For example, it is recommended 
h e r e that pump cyl inders be made of e i ther b r a s s , coated plain-s teel pipe, or plast ic pipe. 
If only i ron cy l inders a r e available, obviously they must be used at p resen t , but it is 
r ecommended that the bo res of these iron cy l inders be made as smooth as poss ib le . At 
a l a t e r date be t t e r cy l inders of other m a t e r i a l s can be provided. 

It i s expected that many innovations will be introduced as t ime goes on. Types of 
valves can be changed as be t t e r m a t e r i a l s become avai lable; improved cups can be used 
as synthetic m a t e r i a l s become available or a be t t e r g rade of lea ther can be obtained. 
All of these modificat ions a re possible with the proposed design. 
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Minimum Number of Components 

The p resen t design provides for as few components as poss ib le . Such an a r r a n g e ­
ment provides for be t ter interchangeabil i ty of p a r t s , e a s i e r adaptation to deep-well and 
shallow-well u se , sma l l e r inventory, l e ss expensive maintenance , and low manufactur­
ing c o s t s . An example of the versa t i l i ty 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 p e r m i t s shallow-well or deep-wel l pumping without provis ion of additional 
p a r t s . 

Minimum Number of Threaded Connections 

Because of the poor quality of the l a r g e r - s i z e threaded connectors used in develop­
ing nations and the p rob lem of pi l ferage, the proposed design excludes all threaded con­
nections except for pump rod connections. Two smal l s c rews a re used to fasten the 
flapper valve in the lower valve housing. The proposed design provides for s tandard 
pump rod and draw pipe as used the world over . A s tandard 7/16- inch pump rod is 
recommended . Assuming a low 20 ,000-ps i u l t imate s t rength , a conservat ive working 
load of 200 pounds., and a 1-1/4-inch draw pipe, this rod can be used in wells as deep 
as 200 feet. In deep wells where pump rod bending or pipe slapping might endanger the 
rod connections, guide couplings should be used . J a m nuts or sealants should be used 
at all threaded connections to prevent loosening of the joint . 

Cor ros ion Pro tec t ion 

One of the g r ea t e s t p rob l ems in many of the developing a r e a s of the East is the 
p r o b l e m of cor ros ion . Many of the s tored components cannot be used because of the 
rus t and mildew. Apparently the re a re two poss ible c o r r e c t i v e m e a s u r e s : (1) provide 
be t t e r s torehouse faci l i t ies or (2) provide p a r t s that a r e immune to the co r ros ion . F o r 
the proposed design, the la t te r approach was se lec ted . P r o p e r painting of por t ions of 
the body, valve housing, handle, fulcrum, and cap is ample protect ion in mos t c a s e s . 
More important , however, is the fact that the proposed design cal ls for b r a s s , coated 
s tee l pipe, or plas t ic pipe for cy l inders , all of which a r e able to withstand the e l emen t s . 
It would also be good p rac t i ce to s tore the cups in sealed plas t ic bags to prevent mildew. 
Use of synthetic cup m a t e r i a l s would make this p recaut ion unnecessa ry . 

Adaptability to Low-Grade Ma te r i a l s 

One of the g r ea t e s t p rob l ems existing in some a r e a s is that low-grade m a t e r i a l s 
a r e used for pump manufacture . This p r e s e n t s p r o b l e m s not only when the pump is in 
s tandard use but also during shipping. A high pe rcen tage of the pumps never reach the i r 
dest inat ion in one p iece . Because of th i s , the proposed design is such that break points 
have been eliminated or sufficiently s trengthened to withstand abuse. The design also 
ca l l s for heavier sect ions throughout the en t i re pump body and other components so that 
long life can be expected. In the event that be t t e r m a t e r i a l s a re found, sma l l e r c r o s s -
sect ions can be used . 
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Valves and Cups 

The proposed design ca l l s for th ree types of va lves . The f i rs t type is the standard 
t ee - shaped poppet. This valve is to be used in p lungers and in shallow-well cyl inders 
where r e p a i r can be easi ly made. The design is such that only opt imum movement is 
provided. The second type of valve is the cushioned poppet valve designed for deep-well 
applicat ions where maintenance is m o r e difficult. The thi rd valve is the flapper valve 
to be used as a lower check valve in shal low-well pumps . It is recommended that this 
valve be made f rom nylon impregnated with neoprene . Such an a r r angemen t will p r o ­
vide ex t remely long life with prac t ica l ly no maintenance r e q u i r e m e n t s . It is believed 
that fur ther evaluation will show this valve acceptable for deep-wel l application. 

Lea ther is recommended for the cup m a t e r i a l unti l an improved m a t e r i a l is 
developed. 

Cyl inders 

The g r ea t e s t single factor in pump longevity is the smoothness of the cylinder 
bo re . Without question, every ca re should be taken to provide as smooth a bore as 
poss ib le . It is recommended that cy l inders be made f rom b r a s s , coated s teel pipe, or 
p las t ic pipe. These m a t e r i a l s not only provide for long pumping life but also for the long 
shelf life which is n e c e s s a r y for a good wate r p r o g r a m . 

It i s recommended that cylinder s ize not exceed 3 inches to provide for easy 
fabr icat ion and for use in 4 - inch -d iame te r ca s ings . Most cyl inders used a r e 3 inches in 
d i ame te r or l e s s . 

Pump Rod Guide and Multiple Cup P lungers 

In those c a s e s where it is expected that deep-wel l pumps will be used for pumping 
in re la t ive ly shallow wells or when eventually windmil ls or pump jacks will be used for 
opera t ion of the pump, pump rod guides should be provided. It is also recommended that 
mul t ip le -cup p lungers be used only in wel l s m o r e than 50 feet deep because they do not 
provide significantly longer cup life when they a r e not requi red , and in shallow-well use 
they actual ly d e c r e a s e cup life. It is expected that field t r i a l s will define further the 
l imi ta t ions of the pump rod guide and single cup p lunge r s . 

Maintenance 

The proposed design provides for easy , inexpensive main tenance . The pump is 
made f rom rugged, s imple components , few in number , that can easi ly be assembled or 
d i s a s sembled with a few standard tools . Because of the smal l number of p a r t s and the 
in terchangabi l i ty of p a r t s for deep-wel l and shallow-well appl icat ions, warehousing 
p r o b l e m s should be reduced. 
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PUMP EVALUATION 

It was n e c e s s a r y that the proposed design be evaluated to de te rmine as much as 
poss ib le the future effectiveness of the pump and to c o m p a r e it with pumps a l ready in 
exis tence . Two t e s t s w e r e set up. The f i rs t and m a j o r t e s t was a l i fe t e s t of the combined 
components operat ing as a shallow-well pump and deep-wel l pump. The second tes t was 
a sand tes t in which the same two pumps, one with the epoxy phenolic coated cylinder 
and the other with a p las t ic cylinder was set up to pump water with a high concentrat ion 
of r i ve r mud and sand. 

Fo r the f i r s t t e s t , two pumps of the proposed des ign w e r e set up to pump at a r a t e 
equivalent to 1500 gallons of water a day for 365 days . At the end of this acce le ra ted 
tes t , p rac t ica l ly no wear was observed on the lea ther cups used, as shown in F igu re s 24 
and 25. As shown in F igure 26, the p la in - s t ee l pipe cyl inder coated with an epoxy 
phenolic also came through with flying co lors ; p rac t i ca l ly no wear was noted on the coat­
ing of the cyl inder . However, the cylinder coated with the m o i s t u r e - c u r e d ure thane did 
not fare as well . F igure 27 shows how the coating began to peel , not as a r e su l t of the 
pis ton movement within the cyl inder , but r a the r as a r e su l t of the action of the wa te r . 
It is hoped that fur ther work will provide an effective m o i s t u r e - c u r e d coating, but a coa t ­
ing not affected by water . The fai lure shown h e r e might also be a resu l t of i nco r r ec t 
coating application, and further work might also r evea l different or be t ter means of apply­
ing the same or s imi l a r coat ings. P rac t i ca l ly no wear was seen on any of the pinned 
joints of the pump and, as expected for such a shor t -du ra t ion tes t as th is , there was no 
de te r iora t ion . 

F igu re s 28 and 29 show re su l t s obtained in the second tes t with the lea ther cups 
after approximately one mil l ion cyc les . As can be seen, these cups a r e in r emarkab ly 
good condition for pumping water such as th is . The cy l inders did show some wear in 
t e r m s of abras ion to the side walls in the a r ea of the pis ton movement , but each of the 
cyl inders could be used for many m o r e y e a r s of pumping under no rma l condit ions. 

It i s believed that the pump as proposed — assembled without the use of threaded 
f a s t ene r s , with valves made according to the specif icat ions , and with cyl inders made of 
b r a s s , p l a in - s t ee l pipe coated with an epoxy phenolic , or p l a s t i cp ipe — would be accepted in 
any of the developing nations and used effectively, giving long serv ice and providing 
water for many peoples . However, this design should be introduced to developing nations 
through a specific p r o g r a m . That p r o g r a m should include field test ing for the dual p u r ­
poses of proving out the design sti l l further and of identifying additional poss ib i l i t ies for 
simplification of the components . Such a field tes t p r o g r a m would se rve as an excellent 
opportunity for effective introduction of the pump to the influencial people of a developing 
nation. F u r t h e r l abora tory r e s e a r c h should also make poss ib le fur ther simplification 
in t e r m s of valves , cyl inder coat ings, 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 avai lable for the facility, the availabil i ty and 
types of machine tools , the skil ls and incentives of the pe rsonne l , and the types of tooling 
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FIGURE 24. LEATHER CUP AFTER EQUIVALENT OF 1-YEAR OPERATION 
IN P L A I N - S T E E L - P I P E CYLINDER COATED WITH AN EPOXY 
PHENOLIC-DEEP-WELL PUMP WITH GUIDED PUMP ROD 

FIGURE 25. LEATHER CUP AFTER EQUIVALENT OF 1-YEAR OPERATION 
IN P L A I N - S T E E L - P I P E COATED WITH A MOISTURE CURED 
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 

39084 

FIGURE 27. P L A I N - S T E E L - P I P E CYLINDER COATED WITH 
MOISTURE-CURED URETHANE AFTER LIFE TEST 
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39735 

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

AA 

39739 

FIGURE 29. LEATHER CUP AFTER SAND TEST IN PLASTIC 
(PVC) P IPE CYLINDER - D E E P - W E L L PUMP 
WITH GUIDED PUMP ROD 
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and m a t e r i a l s hand l ing e q u i p m e n t a r e not known. H o w e v e r , a t y p i c a l l a y o u t h a s b e e n 
m a d e to po in t out wha t c a n b e done a s s u m i n g l i m i t e d too l ing and fixed a r e a p e r m a c h i n e . 

M a c h i n e Shop 

F i g u r e 30 s h o w s a p r o p o s e d l a y o u t fo r a m a c h i n e shop and foundry . T h i s l ayou t 
i s b a s e d on w h a t A m e r i c a n p l a n n e r s would l ike and p r o v i d e s for abou t 256 s q u a r e fee t 
p e r m a c h i n e (16 fee t by 1 6 fee t ) . The l ayou t d o e s not d e s i g n a t e e x a c t l y w h e r e m a c h i n e 
t o o l s a r e to b e p l a c e d , w h e r e a i s l e s a r e to b e p r o v i d e d , o r w h e r e p i e c e s to b e w o r k e d on 
a r e to b e p l a c e d a s t h e s e a r e l a r g e l y d e p e n d e n t on the f ac i l i t y m a n a g e m e n t . F i g u r e 31 
s h o w s a s c a l e m o d e l of a t y p i c a l f a c i l i t y . Aga in , t h i s shou ld be u s e d only a s a g e n e r a l 
g u i d e . 

The l ayou t i s so c o n s t r u c t e d t h a t t h e r e i s a n a t u r a l f low of m a t e r i a l s and p a r t s 
t h r o u g h t h e shop . It c a n b e s e e n t h a t t h e foundry i s on t he left; c a s t i n g s p r o c e e d f r o m 
left to r i g h t to t h e m a c h i n e t o o l s , t h r o u g h i n s p e c t i o n , p a i n t i n g , and s t o r a g e , to a s s e m b l y 
and , f ina l ly , to sh ipp ing . A s shown h e r e , f i n i shed p a r t s a r e pu t in to s t o r a g e and then 
a s s e m b l e d p r i o r to s h i p p i n g . T h e r e i s no r e a s o n tha t a s s e m b l y could not be m a d e b e f o r e 
s t o r a g e . H o w e v e r , a s i n d i c a t e d in t he l a y o u t , a l l p a r t s a r e s t o r e d and c o m p o n e n t s c a n 
b e w i t h d r a w n for a s s e m b l y into c o m p l e t e p u m p s o r s h i p m e n t a s s p a r e p a r t s . 

T a b l e 3 g i v e s s o m e i n d i c a t i o n of n e e d e d m a c h i n e shop p e r s o n n e l . T h e s e p e o p l e , 
should be c a p a b l e of p r o d u c i n g a n y w h e r e f r o m 20 p u m p s p e r day to 40 o r m o r e p u m p s p e r 
d a y . The e s t i m a t e of 20 p u m p s p e r day i s b a s e d on u s i n g m i n i m u m j i g s and f i x t u r e s in 
a l l o p e r a t i o n s and u s i n g s i n g l e - p o i n t t o o l s . O p e r a t i o n i s p a c e d on the c o m p o n e n t r e q u i r ­
ing t h e m o s t t i m e , in the c a s e of t he p r o p o s e d p u m p , t he l o w e r v a l v e h o u s i n g . Wi th 
s i n g l e p o i n t t o o l s and j i g s and f i x t u r e s i t i s e s t i m a t e d t h a t a p p r o x i m a t e l y 2 to 2 - 1 / 2 u n i t s 
c a n be p r o d u c e d p e r h o u r ; h o w e v e r , d e p e n d i n g u p o n t h e i n c e n t i v e of t he • w o r k e r s , w i t h 
t he c h a n g e f r o m s i n g l e - p o i n t t o o l s to m o r e c o m p l i c a t e d , s e m i - a u t o m a t i c t o o l i n g , p r o d u c ­
t i on cou ld be i n c r e a s e d to 40 o r m o r e c o m p l e t e d p u m p s p e r day wi thou t i n c r e a s i n g 
p e r s o n n e l . 

T A B L E 3 . M A C H I N E S H O P P E R S O N N E L * a> 

O p e r a t i o n N u m b e r of P e r s o n s 

M a t e r i a l , h a n d l i n g , sh ipp ing , 
Gr ind ing 
L a t h e s 
D r i l l p r e s s 
Cut off 
P i p e t h r e a d i n g 
P i p e c o a t i n g 
I n s p e c t i o n and p a i n t i n g 
T a p - d i e a s s e m b l y 
F o r e m a n 

T o t a l 

r e c e i v i n g 2 
1 
3 
3 
1 
1 
1 
1 
1 
1 

15 

(a) Number of personnel based on a minimum of 20 pumps per day. 
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F o u n d r y 

A p p r o x i m a t e l y 3 600 s q u a r e fee t h a s b e e n a l l owed for t he foundry a r e a . T h i s i s an 
e s t i m a t e , of c o u r s e , and m o r e o r l e s s a r e a would b e r e q u i r e d d e p e n d i n g upon the f o u n d r y 
o p e r a t o r and h i s r e q u i r e m e n t s for a i s l e s p a c e and h i s m e t h o d of s e t t i n g the m o l d s and 
p o u r i n g . The 3600 s q u a r e fee t d o e s no t i n c l u d e v e r y m u c h a r e a a r o u n d the c u p o l a o r 
a r e a for s t o r a g e of r a w m a t e r i a l s , c o k e , e t c . T a b l e 4 s h o w s n e e d e d foundry p e r s o n n e l . 
The foundry o p e r a t i o n i s a c t u a l l y b a s e d u p o n the m a c h i n e shop r e q u i r e m e n t s . T h i s 
a m o u n t s to abou t 1200 p i e c e s p e r w e e k and if two p o u r s p e r w e e k a r e m a d e , t h i s i s 600 
p i e c e s p e r p o u r o r a b o u t 4300 p o u n d s . It i s e s t i m a t e d t h a t 10 p e r s o n s c a n h a n d l e t h i s 
a m o u n t of w o r k , d e p e n d i n g upon i n c e n t i v e and t h e t o o l s t h e s e p e o p l e h a v e to w o r k w i t h . 
F o r an i n c r e a s e in p r o d u c t i o n , m o r e t h a n l i ke ly p e r s o n n e l would h a v e to b e added in t he 
foundry b e f o r e any p e r s o n s w e r e added in t h e m a c h i n e s h o p . P e r s o n n e l in f o u n d r y would 
b e e x p e c t e d not only to m a k e the m o l d s b u t a l s o to a s s i s t in p o u r i n g , shak ing out t he 
c a s t i n g s , and t r a n s p o r t i n g t h e m to t he m a c h i n e s h o p . It i s a s s u m e d t h a t the f o r e m a n and 
the m a t e r i a l h a n d l e r s would m a k e the i n i t i a l c h a r g e in t he c u p o l a and t h e n would b e 
a s s i s t e d by the m o l d e r s d u r i n g t h e p o u r i n g . 

T A B L E 4 . F O U N D R Y P E R S O N N E L ( a ) 

P o s i t i o n N u m b e r of P e r s o n s 

M o u l d e r s 7 
C o r e m a k e r s 1 
M a t e r i a l h a n d l e r s 1 
F o r e m a n 1 

T o t a l 10 

(a) Number ot personnel based on pouring 4300 pounds (600 pieces) 
twice per week. 

The shop a s shown r e p r e s e n t s a p p r o x i m a t e l y 9000 s q u a r e fee t and 25 p e r s o n s , and 
t h i s a r r a n g e m e n t c a n be e x p e c t e d to p r o d u c e a n y w h e r e f r o m 20 to 40 o r m o r e c o m p l e t e d 
p u m p s p e r d a y . An i n c r e a s e in p r o d u c t i o n cou ld b e m a d e wi th few a d d i t i o n a l p e r s o n n e l 
in t he f o u n d r y . No s p e c i f i c a t i o n s a r e g i v e n fo r t h e c u p o l a ; h o w e v e r , t he s m a l l e s t c u p o l a 
c o m m e r c i a l l y m a d e in t he Uni ted S t a t e s c a n p r o d u c e abou t ha l f a ton p e r h o u r and i t 
would o c c u p y a v e r y s m a l l a r e a in the f o u n d r y . 
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FUTURE WORK 

Batte l le staff m e m b e r s feel that this p r o g r a m h a s been an impor tan t one, not from 
the standpoint of technological improvements , but f rom the standpoint of giving many 
peoples of the world wate r from a re l iab le source . However, it is felt that the resu l t s 
of this p r o g r a m can be successfully uti l ized only through an effectively planned p r o g r a m . 
Such a p r o g r a m can be guided by AID and c a r r i e d out through AID and other in teres ted 
agenc ies , including Bat te l le . Such a p r o g r a m should have at leas t four major sect ions: 

(1) Disseminat ion of information 

(2) Field evaluation of pump design 

(3) Cup, va lve , and cylinder r e s e a r c h 

(4) Educat ional p r o g r a m s for developing coun t r i e s . 

These four sect ions a r e designed to simplify, in t roduce, and produce this pump in the 
developing nat ions . 

Disseminat ion of Information 

It is bel ieved that the resu l t s of this p r o g r a m should be carefully descr ibed and 
the proposed pump design carefully explained to all the Amer ican Government agencies 
and indus t r ia l organizat ions in teres ted in and par t ic ipa t ing in water p r o g r a m s in the 
developing na t ions . Such a p r o g r a m would not only aid AID in meeting their object ives, 
but may also provide financial a s s i s t ance through these in te res ted organizat ions to c a r r y 
out the p r o g r a m . Once a course of action has been es tabl ished and ratified by all the 
agenc ies , a p r o g r a m can be establ ished in t e r m s of product ion of pumps and maintenance 
p r o g r a m s with in terchangable p a r t s . 

Field Evaluation 

The suggested p r o g r a m of field t r i a l s has three major object ives: 

(1) To de t e rmine the actual effectiveness in the field of the pump as 
designed 

(2) To simplify pump design 

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

In addition to reveal ing the effectiveness of the pump as designed, overa l l the tes t s 
would r evea l specifically the effectiveness of the pump guide and the nylon impregnated 
with neoprene va lves . If the t r i a l s proceed as expected, it is believed that the pump 
guide will be shown to be l e s s impor tant for deep-wel l pumping and that nylon impregnated 
with neoprene valve might be used for all va lves , including the valve in the plunger . 
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Probably the mos t impor tant function of the field t e s t s would be introduction of the pump 
to government officials, future manufac tu re r s , and, mos t significant, the u s e r s . Various 
r eac t ions , l ikes , and dis l ikes can be de te rmined before the final introduction and ce r ta in 
needed modifications a r e made . A good c o r r o l a r y to keep in mind is the t remendous 
amount of field evaluation and public opinion sampling that American manufac ture rs 
schedule for thei r products before genera l introduction of these products to the marke t . 

Cup, Valve, and Cylinder Resea rch 

The most significant improvements and simplifications of the pump design will be 
re la ted to cups, va lves , and cy l inders . A limited amount of additional r e s e a r c h should 
yield valuable r e s u l t s . 

Cups 

Near the end of this p r o g r a m , a t remendous amount of i n t e re s t was st imulated in 
m a t e r i a l manufac tu re r s and cup f ab r i ca to r s . Many samples of cups were received for 
t r i a l in hand-opera ted water pumps . With p roper m a t e r i a l selection and well- thought-out 
cup design, the re is an excellent chance that a synthetic cup could be manufactured with 
a b r a s i v e - r e s i s t a n t qual i t ies be t t e r than that of l ea ther , with manufacturing to le rances 
approaching that of lea ther cups, and with abili ty to withstand many repeated cycles of 
wetting and drying without c rack ing . Probably cups made of some synthetic m a t e r i a l 
would not have to be packaged or warehoused under such r e s t r i c t ed conditions as l ea ther 
cups should be . 

Valves 

Also, near the end of this p r o g r a m it became apparent that the nylon impregnated 
with neoprene could be quite effective in a l l of the valve appl icat ions. However, the re 
was not t ime enough to prove this conclusively in the l abora to ry . Moreover , no field 
t r i a l s had been made in deep wells to de te rmine whether flapper valves can be used in 
deep-wel l as well as shallow-well appl icat ions . There i s some evidence that poppet 
valves cur ren t ly used in p lungers could be replaced with valves made from a nylon and 
neoprene combination. Such an a r r angemen t would cal l for new design of the plunger . 
However, it should be poss ib le to make a simplified valve that would requ i re vir tual ly no 
maintenanc e. 

Cyl inders 

Indications a r e that an inexpensive but effective cyl inder can be made f rom plain-
steel pipe coated with an epoxy phenolic. Such cy l inders have been tested and found quite 
sa t i s fac tory . However, application of such a coating does involve a s imple baking p r o c e ­
d u r e . During the p r o g r a m , exper iments w e r e also conducted with other coatings and a 
m o i s t u r e - c u r e d ure thane coating was found to give good r e s u l t s . However, unfortunately, 
e i ther due to improper coating p rocedure o r because of the nature of the m a t e r i a l , it was 
w a t e r - s e n s i t i v e . With continued work a s imple r and m o r e acceptable coating can probably 
be found. As s imple as the recommended coating is to apply and to u se , it s t i l l may be 
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objectionable in some a r e a s because of the need for baking. Therefore , further work 
should be done to find a sti l l s impler coating. 

Educational P r o g r a m s 

Three types of educational p r o g r a m s a r e r ecommended . The f i rs t type is a p r o ­
g r a m of pump introduct ion to the coun t r i e s . Although this would not be a technical p r o ­
g r a m , it d e s e r v e s careful considerat ion. Such a p r o g r a m is n e c e s s a r y for the success 
of the water p r o g r a m . Unfortunately, many peoples of the world have to be taught to 
drink wate r f rom a good source and to develop and mainta in the source . 

The second p r o g r a m would be d i rec ted toward improvement of machining p r a c t i c e s . 
Without question modern technology can improve production without any appreciable in­
c r e a s e in cost . F o r example, manufac tu re r s in developing nations might be shown the 
necess i ty for methods of making smooth cylinder b o r e s if i ron cyl inders a r e p re fe r r ed . 
But m o r e impor tan t than th is , they might be shown the value of j igs and f ixtures for in­
c r e a s i n g the i r production r a t e and for making in terchangeable p a r t s . The use of j igs 
and f ixtures alone for a s su r ing interchangeable pa r t s could not be o v e r s t r e s s e d in any 
educational p r o g r a m . 

Another a r e a of needed education is foundry p r a c t i c e s . Better pumps could be 
made f rom be t te r m a t e r i a l s with be t ter cont ro l . A l i t t le ins t ruct ion in the segregat ion of 
m a t e r i a l s to provide the p rope r charge would significantly inc rease the quality of the 
i ron with l i t t le i n c r e a s e in cost . The need for ana lys i s and cupola control should also 
be s t r e s s e d . An introduction into some of the m o r e impor tan t modern foundry p rac t i ces 
should be provided. 

This educational p r o g r a m may be accomplished in one or both of two ways: The 
f i r s t way would be to offer a p r o g r a m s imi la r to the p r o g r a m being conducted on ground 
wa te r at the Univers i ty of Minnesota. Invitations could be extended to selected personnel 
of va r ious count r ies to attend symposiums or c l a s s e s being taught by qualified people in 
the United S ta tes . 

A second way would be to put together t eams of qualified Amer ican personnel to go 
to the va r ious developing nations and ins t ruc t people in the i r own shops and foundries . 

These major educational p r o g r a m s would insu re good water and promote d isease 
contro l in developing coun t r i e s . They would also fur ther develop fr iendships that have 
a l ready been es tabl ished by AID and s imi la r agenc ies . The p r o g r a m s as descr ibed would 
be re la t ive ly inexpensive to execute if p roper ly planned and staffed. 

R D F : D W F / s p r 
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APPENDIX 

REPORT ON FOREIGN TRAVEL 

To p rope r ly de te rmine the r e q u i r e m e n t s imposed upon hand-opera ted water pumps 
in less-developed coun t r i e s , a t r ip was m a d e to five selected a r e a s by D. W. F r ink and 
R. D. Fannon. This r epor t s u m m a r i z e s the information obtained on this t r ip a r e a by 
a r e a . This s u m m a r y is based upon r e p o r t s , c h a r t s , drawings, photographs , and v a r i ­
ous other r eco rds which a r e on file. T r i p s were made to the Phi l ippines , Thailand, 
E a s t Pakis tan , India, and Jordan . 

MANILA, PHILIPPINES 

Date of Visit 

August 22 through August 24, 1966 

P e r s o n s and Organizat ions Contacted 

Mr. Hugh F . Tolley, Eng ineer , U .S . AID 
Mr. Jesus Delfin, U.S . AID 
Mr. Phil ip Rupper t , U.S . AID 

NWSA (National Water and Sewage Authority) Wells and Springs Depar tment 
PACD (Pres iden t ia l A r m for Community Development) 
EDF (Economic Development Foundation, Inc. ) 
Occidental Foundry and Shop 
Pa rpana Manufacturing Company 

Fie ld Tr ip 

B a r r i o Bisig, Valenzuela, P r o v i n c e of Bulacan (a smal l Ba r r io outside Manila) 

Summary of Information 

Most of the wells used were ins ta l led by U.S. AID through subcon t rac to r s in 1957 
when a Liber ty Well P r o g r a m was under way. Since this t ime , two main groups a r e a s ­
suming the responsibi l i ty of getting wate r for the people, NWSA and PACD. These groups 
st i l l have the help of AID. At the p r e s e n t t ime , m o r e than 19, 000 wel ls have been e s t ab ­
l ished for a total population of m o r e than 4, 800, 000 people. 

The depths of the wells genera l ly va ry from 50 to 400 feet; however , the water 
levels vary from 5 to 75 feet from the su r face . Most of the wells r equ i r e a deep-wel l 
pump fitted with 4 -1 /2 - i nch casing pipe and they use 1-1/2-inch to 3 - inch -d i ame te r drop 
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pipe. Sucker rods va ry from 5/8- inch to 7 /8- inch d i ame te r , depending upon the total 
length of rod used, the g r e a t e r depths requir ing the l a r g e r d i a m e t e r s . 

Most of the cyl inders a r e made from s e a m l e s s , h a r d - d r a w n b r a s s 24 inches long 
and with a 2 - 3 / 4 - i n c h ID. The cyl inders a r e fitted with a 4 - l ea the r plunger and bronze 
ball valves and have a working stroke of 12 inches . The upper ends of the pumps a r e 
m a d e of f langes, t e e s , and other fit t ings, and the re i s o rd inar i ly a wooden handle 6 to 
15 feet long mounted on a separa te base . 

About half of the wells that a r e not producing r an d ry . The lack of water is p rob­
ably due to the wel ls 1 not having been dug deep enough or not having been p roper ly placed. 
The g r ea t e s t mechanica l p rob lem seems to be the separa t ion of the sucker rod from the 
pis ton or f rom another rod either because of s tr ipped (poor) th reads or because the p i s ­
ton became unscrewed from the rod. Another p rob l em is the rott ing of the wood handle 
around the pivot-shaft bushing. 

The g r ea t e s t main tenance p rob lems a r e , f i r s t , the rep lacement of l e a the r s , and 
second, wear of the stuffing box. Some complaints were made that the couplings wear 
agains t the drop pipe and rods separa te when 1-1/2- inch drop pipe i s used; a 3-inch drop 
pipe has worked out be t t e r . NWS A has assembled some guide l ines for the i r mechanics 
in r ega rd to prevent ive maintenance and r e p a i r . At p r e s e n t , t he re a r e severa l mobile 
r e p a i r t e a m s that keep up many of the wel ls ; other wel ls a r e the responsibi l i ty of the 
b a r r i o in which they a r e located. 

At p r e s e n t NWSA and PACD a r e planning to cons t ruc t 56, 600 m o r e wells for a ra t io 
of at l eas t one pump p e r 250 people. Also, at p r e s e n t , it cos ts approximately 1 peso 
($.26) p e r inch d i ame te r p e r foot depth to dr i l l a well . Severa l p r iva te windmil l -dr iven 
pumps a r e being used in the nor thern a r e a s , but very l i t t le attention is given to this by 
NWSA or PACD. 

T h e r e should be no p rob lems in manufacturing acceptable hand pumps in the 
Ph i l ipp ines . Much m o r e complicated equipment is p r e sen t l y being manufactured in p r o ­
duction quant i t ies . It was noted by E D F that at the p r e s e n t t ime the Philippine industry 
would r a t h e r copy than design. We saw only shal low-well "p i t che r" pumps being made 
and no cyl inders for deep-wel l use . Some double-act ing force pumps (copies of the 
F . E . Myers pump) were being made . Cast ings will cos t 1 to 2 pesos ($. 26 to $. 52) per 
kilo (2. 2 pounds) and labor r a t e s average 6 to 10 pesos ($1. 50 to $2. 60) pe r day. Gov­
e rnmen t regula t ions m u s t be considered in that a company making a product mus t make 
at l eas t 50 pe rcen t of the components to be eligible for a tax deduction. 

BANGKOK, THAILAND 

Date of Visi t 

August 26-29 and September 4 -6 , 1966 
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P e r s o n s and Organizat ions 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 Heal th Development (Department of 

Health, Thailand) 

Fie ld Tr ip 

Regional Headqua r t e r s for Nor theas t e rn Thailand at Korat (Exper imenta l 
pump faci l i t ies including foundry) 

Summary of Information 

Approximately 85 pe rcen t of Thai land ' s population is r u r a l and it i s toward these 
people (as in other countr ies) that the AID p r o g r a m is d i rec ted . Since the p r e s e n t AID 
p r o g r a m has been in effect, approximate ly 6, 300 pumps have been ins ta l led . The i n s t a l ­
lation h a s been mos t ly by pr iva te con t r ac to r s with AID furnishing the pump, pipe, and 
half the instal lat ion cos t s . AID is a lso providing some t ra ining in pump r e p a i r . 

Most of the wells run from 7 to 9 m e t e r s (23 to 30 feet) deep, and deep-wel l pumps 
a r e used . The m o s t pecul ia r c i r cums tance concerning pumps in this a r e a is that it ap ­
p e a r s that the pump mus t be "developed" by them in o r d e r to be acceptable to them. This 
was demonst ra ted by the h i s to ry of the Kora t Gear P u m p . The f i r s t Kora t pump was a 
joint USOM-Thai design; it t es ted sa t i s fac tor i ly but was never used. The second was en­
t i r e ly Thai designed and i t was accepted. Both designs use Amer ican cy l inde r s . 

The Korat Gear Pump is composed of two side cas t ings bolted together with bear ing 
blocks top and bottom. These blocks give ve r t i ca l s tabil i ty to a rack which i s connected 
to the pump rod. The rack is osci l la ted up and down by a sec tor gear to which i s at tached 
the handle. The pump is mounted on a base through which and to which the drop pipe is 
a t tached. The pump appea r s to be working sa t i s fac tor i ly . 

One of the biggest p rob l ems to date i s the stocking of rep lacement p a r t s for all the 
different pumps used. This situation is being c o r r e c t e d to some extent with the s tandard­
izat ion on the Kora t Gear Pump. 

No s ta t i s t i cs were avai lable as far as main tenance i s concerned, but the o rde r of 
r e p a i r appears to be as follows: 

(1) Lea the r s 
(2) Rod couplings 
(3) Handle pivot bolts 
(4) Pump rod bushings 
(5) Foot va lves . 

P lans for the future regard ing hand pumps include the instal lat ion of about 1,500 
wells p e r year by USOM and about 500 ins ta l la t ions pe r year by the Thai Health Depar t ­
ment . Also to be ins ta l led a r e 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 nor theas te r ! 
and southern sec t ions . 
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There does not appear to be any reason why sa t i s fac tory pumps cannot be made in 
Thailand. The re a r e six foundries in Bangkok and seve ra l a r e making the Korat Gear 
P u m p . Although the only foundry we vis i ted was the Government foundry in Kora t , the 
pumps we saw seemed to be of good quality. Some cyl inders have been made locally; 
however , they a r e general ly imported from the United S ta tes . Labor r a t e s range from 
10 to 30 baht a day ($.50 to $ 1 . 50). Lea the r s a r e m a d e local ly, but imported l ea thers 
l a s t longer . 

Impor ted pumps cost about $50 including $15 to $20 for the cyl inder . The cost of 
the Kora t Gear Pump is about the s a m e . 

Government people a r e in te res ted in the p r o b l e m s and an exper imenta l facility, in­
cluding a foundry, h a s been establ ished in Kora t (USOM money) . 

VIETNAM AND LAOS 

These two a r e a s were not v is i ted . The information contained he re in was obtained 
f rom pe r sons who prev ious ly had been ass igned to these a r e a s . 

P e r s o n s and Organizat ions Contacted 

Staff MRDC (Mil i tary R e s e a r c h and Development Center ) , Bangkok, Thailand 
Mr . Paul Maynard, Bat te l le , Bangkok, Thailand 
Mr . Will iam G. Westbrook, Bat te l le , Saigon, Vietnam 

S u m m a r y of Information 

Vietnam 

A h i s to ry of well dr i l l ing is given in a pape r , "Well Dri l l ing in Vie tnam", by 
Nguyen-Van-Gang. A copy of this paper was obtained and i s in our f i les . In addition, it 
was learned that the United States Sea Bees in 1964 set up a f i l t rat ion plant in the south 
and pumped water from lakes or r i v e r s through the f i l ter ing sys tem into water towers . 
The water was then dis t r ibuted through plas t ic p ipe . The people liked this a r rangement ; 
at that t ime they were buying water f rom boat vendors . It was d iscovered that the people 
did not want to go ve ry far for water and if well water was not convenient, they would use 
wa te r from the ponds, e tc . Hence, the dis t r ibut ion sys t em inc rea sed the usage of well 
or f i l tered wate r . It was repor ted that two 2-man main tenance t e a m s had been set up to 
se rv i ce pumps . A catalog was also obtained from the Montrevi l Company located in 
Saigon desc r ib ing some F rench pumps. 

Laos 

Apparent ly in 1963 the re was only one man famil iar with pumps in Laos; however, 
s ince that t ime ten coring dril l ing r igs have been converted to well dr i l l ing . Also during 
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th is t ime , some money has been appropr ia ted to es tabl ish a foundry; however , as far as 
we know, no further action has been taken. 

Most of the wells a r e dug wel l s , and few, if any, wa te r - t ab le studies have been 
m a d e . Some of the dug wel ls a r e lined with c a s t - c o n c r e t e r ings 3 feet or so in d iamete r 
and 18 inches in length. These wel ls a r e 15 to 20 feet deep. Some windmi l l -dr iven 
pumps have been t r i ed , but lack of main tenance has t e rmina ted t h i s . 

DACCA, EAST PAKISTAN 

Date of Visit 

August 30 through September 3 , 1966 

P e r s o n s and Organizat ions Contacted 

Mr . J a m e s Cassanos , Engineer , U .S . AID 
Mr . Salam, Chief Engineer , Publ ic Health 
Represen ta t ives of Camp, D r e s s e r , and McKee, Consulting Eng inee r s 
Mr. M. H. Khan, Execut ive Engineer , Comil la and two other d i s t r i c t s 

F ie ld Tr ip 

Comil la and two other d i s t r i c t s (45 minutes by a i r south of Dacca) 

Summary of Information 

At the p r e s e n t t i m e , the Depar tmen t of Health or equivalent office of E a s t Pak is tan 
(of which Mr. Salam is Chief Engineer) i s r espons ib le for making wate r avai lable to the 
people. AID has done quite a bit in the pas t and probably will do m o r e in the future, as 
far as hand pumps a r e concerned; however , E a s t Pak is tan is now doing much of i t s own 
financing. 

With the exception of those in the coas ta l a r e a of the Bay of Bengal , m o s t of the 
pumps a r e shallow-well pumps with wa te r leve ls not exceeding 15 feet or so from the 
surface . In the Bay of Bengal a r e a , some wells a r e as deep as 700 feet; however , the 
water level in mos t of the wells is within 20 feet or so of the ground surface and shallow-
well pumps a r e used. In a few wells where the wate r in the well i s deeper , modified 
shallow-well pumps a r e used . 

The re i s ve ry l i t t le rock or stone in E a s t Pak i s t an and tube wel ls can be sunk by 
hand by a method called the sludger method . Wells a r e also sunk by the w a t e r - j e t sys tem. 

P rac t i ca l l y al l of the pumps that a r e used in E a s t Pakis tan a r e a fa i r ly c lose copy 
of the Maya No. 6 pump made in Calcut ta , India. P r i o r to thei r independence, the people 
of Eas t Pakis tan obtained p rac t i ca l ly al l of the i r pumps from India; however , since the i r 
independence, s eve ra l foundries in Dacca and Chittagong have supplied E a s t Pak is tan 
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with a poo re r quali ty "Maya" pump. This pump is a c a s t - i r o n pump with a cyl indrical 
s tem which i s bored for a 3 -1 /2 - inch lea ther p lunger . 

The p rob l ems a r e manifold: 

(1) Only a single rough cut made to size the bore 
(2) Ve ry poor t h r eads on pump p a r t s and bolts 
(3) Very poor fit between plunger and plunger rod 
(4) Poor poppet valve facing 
(5) Poor quali ty l ea ther 
(6) Too br i t t le cas t i ron 
(7) P o o r qual i ty s teel used to m a k e plunger rods and bolts 
(8) Many pump p a r t s become u s e l e s s in s to rage because of rus t and mildew. 

At the p r e s e n t t i m e , the responsibi l i ty for the pumps l ies within the Union Council, 
which i s the s m a l l e s t pol i t ical group and r e p r e s e n t s about 1, 600 people . Also at the 
p r e s e n t t i m e , t h e r e i s one mechanic in each Thana, which i s the next h ighest political 
group; however , they a r e gradually inc reas ing the mechan ic s to two pe r Thana. As far 
as p a r t s a r e concerned , they can be obtained f rom government warehouses ; however , as 
soon as these components a r e depleted, the Union Council will pu rchase them on the open 
m a r k e t . 

The re a r e approximate ly 150,000 hand pumps in E a s t Pak i s t an and many m o r e a r e 
needed. As in all the other a r e a s we vis i ted, longer operat ing t imes between main ten­
ance per iods a r e de s i r ed . The major p rob lem is the shor t 2- to 5-month life of the 
l e a t h e r s due to the rough bores and poor quali ty l ea the r as well a s constant use of the 
pump. Poor l ea the r a l so contr ibutes to the re la t ive ly shor t life of bottom flapper valves . 
P i s ton rods a r e constant ly pulling out of pis tons because of poor t h r e a d s , and poor s teel 
used in bolt manufac tu re makes n e c e s s a r y constant bolt rep lac ing . The handles a re con­
tinually being rep laced , mos t ly because of b reakage . In some a r e a s pumps a r e being r e ­
placed every 4 to 10 y e a r s . As in other a r e a s , ve ry few hand tools w e r e seen and very 
few, if any, p a r t s w e r e repa i red ; r a t h e r , they a r e rep laced . 

E a s t Pak i s t an is capable of manufactur ing i t s own pumps , but i t does appear that 
some of i ts manufactur ing techniques could be improved upon. 

One foundry we vis i ted could pour 40 tons of m e t a l a week, and this could be in­
c r e a s e d to some extent . 

At one t i m e , the hand pump cost $7 or $8 Amer i can money; however , this cost has 
i nc rea sed somewhat during the las t few y e a r s . P r e s e n t labor r a t e s range from 2 to 10 
rupees ($.40 to $2. 00) a day for unskilled to skilled l abor . Pump insta l la t ion costs about 
300 rupees ($63.00) for labor and is genera l ly accompl ished by a con t rac to r . 

The government is act ive and would l ike to be m o r e act ive in improving hand pumps; 
however , the lack of technical exper ience and the exist ing methods of doing business a re 
r e a l hand icaps . F o r example , 7 y e a r s ago a l ea the r -eva lua t ing machine was developed, 
but the tes t ing p a r a m e t e r s were loosely defined and the data obtained not re l iab le . Un­
fortunately, it was used only a few t i m e s . 
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CALCUTTA, INDIA 

Date of Visit 

September 8 and 9, 1966 

P e r s o n s and Organizat ions Contacted 

Mr . Rober t H a r r i s , Sani ta ry Eng ineer , U .S . AID 
P r o f e s s o r Majumder, All-India Inst i tute of Hygiene and Public Health 
Mr . L. K. Majumder , Chief Eng ineer , Public Health Engineer , 

Government of West Bengal 

Maya Engineer ing Works , Calcut ta , India 
JPSR Company (Mittra Dass Ghose & Company), Howrah, India (ac ross 

Ganges River from Calcutta) 

Fie ld Tr ip 

Rura l Health Unit and Training Cen te r , Singur, India 

Summary of Information 

The instal la t ion and c a r e of hand pumps in India i s the responsibi l i ty of Publ ic 
Health Engineer ing, Government of West Bengal . At p r e s e n t very l i t t le AID a s s i s t a n c e 
i s being given in this a r e a . India i s m u c h in need of m o r e pumps , but in the a r e a we 
vis i ted , Singur Health Cen te r , a. t ra in ing and demons t ra t ion cen te r , use of pro tec ted 
water or water from tube wel ls is much m o r e common. 

The basic pump used i s the Maya No. 6 pump. Most of the wel ls a r e 100 feet to 
150 feet deep, but the water r i s e s to a level where shallow-well pumps can be used. 
The re a r e some a r e a s in Calcut ta , however , where the water table is being pulled down 
because of the demand and new pumps being ins ta l led m u s t be of the deep-wel l type. 

The maintenance p rob lem was v e r y well documented for a per iod in the Singur a r e a . 
Some of the r ep l acemen t s , l i s ted in o r d e r of frequency, a r e as follows: 

(1) Bolts and nuts 
(2) Lea the r s 
(3) Lower flapper valve 
(4) Lower flapper valve weight s c r ew 
(5) Pis ton rod 
(6) P lunger . 

It was c la imed that an inoperable pump could be r epa i r ed within 48 h o u r s . This , if 
r ea l ly poss ib le , is good; but fas ter r e p a i r might be of necess i ty not only to main ta in 
heal th, but also to keep the pump from being broken up by the 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 ($1.20 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 seems to be no 
problem in capability or facilities for producing pumps. It is believed, however, that 
some improvements in machining techniques might be helpful. These companies make 
their own screens from slotted galvanized pipe covered with 60-mesh brass screen. 

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

AMMAN, JORDAN 

Date of Visit 

September 15 and 16, 1966 

Persons and Organizations Contacted 

Mr. George Bell, Sanitary Engineer, U.S. AID 
Mr. Aied Sweis, Engineer, U.S. AID 

Ministry of Health and Environmental Sanitation 

Field Trips 

Jarash and Ajlon (40 and 55 miles , respectively, north of Amman) 
Ramallah (60 miles west of Amman) 

Summary of Information 

There are practically no hand pumps in use in Jordan, and all the programs con­
cerned with water are large-scale programs utilizing engine-driven pumping systems. 

Two days of investigation did reveal a few force pumps to pump water from cisterns 
to roof-top tanks. The Ministry of Health and Environmental Sanitation did have some 
hand pumps in stock which were made in Czechoslovakia, the United States, and Jordan. 
The pump made in Jordan is a copy of an American pump made by a company no longer in 
business. 
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A few pumps have been installed by this Ministry, but those we could find were of 
Polish manufacture and of the oscillating-vane type, and they have not been working for 
some time. 

There is need, however, for hand pumps in Jordan. Many dirty wells were seen 
where one or two villages were dependent upon a well for water and the only means of ob­
taining the water was a rope and bucket. 

No factories were visited as there were none to see. There is apparently little 
government concern for a hand-pump program. 
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