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please do not hesitate to call us. 

A detailed account of the trip to Thailand and Nigeria will
 
follow in a few days.
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"- ." " .. 7 	 V-.. 

Robert D. ,annon, Jr. 
Research Ergineer 
Equipment D)vclopmont Division 
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REPORT SU.f\MRY 

FIELD RESEARCH AND TESTTIG OF A WATER
 

HAND PUMP FOR USE IN DEVELOPING COUNTRIES
 

AID/csd-3305
 

by 

Battelle, Columbus Laboratories
 

505 King Avenue
 

Columbus, Ohio 43201
 

Robert D. Fannon, Jr., Principal Investigator
 

Contract Period ....................... June 30, 1971 to April 30, 1974 

Report Period ........................ June 30, 1971 to June 30, 1972 

Total AID Funding to Date ............ $41,000 

Total Expenditures ................... $33,374.94 (Estimated)(1) 

Estimated Expenditures Next Year ...... $9,175.00 

NARRATIVE REPORT SUIfYARY
 

the first year of the program the principal accomplishments wereDuring 

as 	follows.
 

* 	All drawings, specifications, and bill of materials were
 

updated to reflect all improvements on the original design.
 

i Thailand and Nigeria were picked as two of the developing 

countries in which to introduce the AID hand pump and to 

conduct field evaluation programs. 

* 	Boxes were shipped to these countries containing a
 

demonstration pump, a full set of patterns, and core boxes 

and sufficient cups and flapper-valve material for twenty 

pumps.
 

'Ito selected areas were visited by the principal investigator
o 
and a machinist/ tCciCWian to introduce the pump, to instruct 

and adv.is in its fabrjca ltion, insta lation, and operation, 

and to t:tart an cvgInlat ion p'ogrnm. 

ho unecessary to maintain 

unrestricted use of the pump by developing countries. 
* 	Patent: applicaLion was found to be 

(1) Total costs include estimated June, 1972, expenditures.
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use. The contractor will mike such modifications in the piesent
 

design as the final evaluations suggest."
'(1)
 

CONTINUED RELEV:ANCE OF OBJECTIVES
 

Unexpectedly, the most difficult portion of the program to date is 

a selection of three developing countries with both facilities to produce a
 

hand 	pump and economic r:eans to buy, and install pumps so that a meaningful
 

evaluation could be made. 'ihe project review board, during the review and
 

appraisal mleeting February 24, 1972, made five recommendations, three of which
 

are 	as follows.
 

(1) 	"Battelle personncl should proceed to Thailand as quickly as
 

possiJle ad get the initial teon uncd.r wny. lliis t:rip should 

not be delayed pending id]entification of a second test site. 

If agreemen. i.s reached with Niguri r a noche so nd sit 

is selected prior to return of Battelle personnel to the U.S., 

it may be visited enuroute iome. 

(2) 	"If Ba tte le can a f firm through one or two demonsLra tions
 

that the design unqulentionbly Psoe[ overseas roqiremonts
 

and the pump can be .(ilgenous ly produced AIl)/W will, at
 

that time, consider reducing the nmber of test sites from
 

three to two.
 

(3) 	"Simila rly, t1'e advisability of redcing the 2:j --menLh field 

test to 1S munths at: each site will be reviewed by AID.' 

at a later d:f.e, 

The 	program is proceOding an rccommcnded, and when chnges are requir.,; 

they 	 can be mado. 

The 	ohjr!( 	 [) iveo as s:,ed in the Contract. 

(2) 	 Rvie u Iou Rpor. - atte l. Andi umlip Contract I1TA/I, A. Dale Swihur, P.E., 

March 9, 1972. 
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so that patterns could be made and machined, and purchased items ordered. This
 

was done, and copies of updated material were sent to the program monitor. 

Selection of Three Developing Countries 

Surprisingly the most difficult task to date was the selection of 

developing countries in which to conduct the pump evaluation. The two basic 

requirements were 

(1) 	 A foundry/machine shop that is interested and capable 
of participating in the program must bc available to 
make and sell pumps and to help conduct a test program. 

(2) 	 Economic means, individually, collectively, or a 
sponsol:cd program of some typc, must be Avai.nble to 
buy, install, and maintain the rmanufactuyed pumps. 

Sixteen inquiries were sent out to ten countries: 

India ian bexico 
Philippines Gua temala Korea 
Thailand Brail Sweden. 

Scirinam 

With the exception of Thailand the responses to the inquiries were negative. 

It seems almost unheli\'able that such little interest was shown, although 

more favorable secondary reactions have been received. 

Three 1hai government agencies (Acculrated Rural Development, 

Ministry of.-lealth, and Depart:ment of Minoerti. Resource) have been reported 

to have an interest in the putmp as well as the All 5insion hydrogeologist, 

Mr. John Smith. Tt has also been rporred that the AID Mlission Director 

in Laos e:press+ed an in tLrest itn he pump, and bunyiug pumps fromti perhaps 

Thailand. In of tc hin ts, w;as as firstlight: en t:ht"Piast"halJ.1and choen the of 

the developiug count:ries in whicl, to work. 
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1971, Mr. Erik Fraser of CARE in Nigeria sent a letterIn January, 

requesting more information regarding the pump and possibilities of manu

facturing the pump in Nigeria. Mr. Ralph Nontee, CARE, New York, advised that 

CARE is engaged in a program requiring 300 pumps and t:hat two foundries in 

Lagos arc capable of producing the pump as well as a supply of materials. 

Because of the need and facilities available, Nigeria was chosen as the second 

developing country for our field evaluation. 

As agreed on February 24, 1972, by the Review Board, plans were made 

to begin work as soon as possible in these countries without waiting for a 

third country to be selected. 

Patterns and D.monstrat:ion Pumps 

As soon as the two countries were decided upon, two complete sets 

of patterns and core boxes were made, and two demonstration pumps were 

assembled. It was also derided at the review board meeting that materials 

would be sent co the selected countries prior Lo the first meeting; conse

quently, a box containin, a demonstration pump, a set of patterns and core 

boxes to produce the ca;t components, and enough cups and valve material to 

,,ake 20 pump was slhipped to each country. 

Visit: to rhe SPolR'ted Covnvriqos 

Between the 19 h of April and the 18th of May, Thailand and Nigeria 

were vi.s.i. ted by the BaLtotelle team: Mr. Robert Fannon, Project Engineer, and 

Wr. Wil.iiawi. Sliafi Joy, Technician. The pcogram was enthusiastically received in 

both count rie. 
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Visit to Thailand
 

The three most interested Thai .-ve'nment agencies were visited:
 

Accelrca ted Rural Development (AD)
 

Ministry of Health
 

Department of Mineral Resources.
 

ARD was currently the most progressive of the groups and had an active well 

this group. Thisdrilling program. IL was decided to work more closely with 

group was also quite aware of the Battclle program, (3) After showing the 

demonstration pump in Bangkok, the team's efforts were shifted to Khon Ken, 

center of the ARID Well Drilling Program.in northcast Thailand, the 
Wor'king wi, r. Samuel. Dvhrgnsi , tie AID Oell Drillinq Advisor, the 

a deep wellteam installed the dcmonstration pump with the pla'tic cylinder on 

in a village about 12 viles from Ilion Kaen. The patuerns and core boxes, 

shipped from Battelle, were taken 	 to a backyard, one-van foundry where quite 

Nchining seemed quite saLisfactory both insatisfactory castings were made. 

by the machinist at the new ARDconmlercial machine shops in Khon Kaen and that 

plastic pipe suitable formaintenance facility. Local harw(harc stores carried 

themaking the cylinders, and ARD stores stocked the remaining supplies with 

valve materinal will :hably hav to import:ed.exception of the hich .. be 

of the. ARD prol.amn by thi Ain,riuan; AnmbassadorReligio":: holidays and a review 

IHowevc r, there is no questionprevented t:he comlplction of several mnore punps. 

and materials and theabout the avail.i.ility of the neces sary fac.1iltie' 

capability t:o produce thu hand pump in '1alnuia.d. 

(3) An In-eVOPtud fIle 	 DUil].1ng by John Neave,t AND)Well Pro ject W. 

Samuel JI. foargrn-i, Apri.1 1, 1.971, pngv 25.
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The ARD well-drilling program in northeast 
Thailand has a goal of
 

Even though quite a number of
 
100 wells (100 feet deep or more) per year. 

ARD plaos to install as many AID pumps
in the warehouse,Korat Gear Pumps are 

with the program,not be associated
be made. Apparently, John Smith will 

He 
as can 

but rather his assistant, Khun Sa-Ard, will monitor the efforts in Thailand. 


will endeavor to get representatives from Mineral Resources, Ministry of Health,
 

een to see the operation of the pump.
 
and other agencies to go to Khon 


a few pumps to be installed on their own 
may securethese agenciesHopefully, 

to try out the pump, production of the 
castings
 

If more agencies want
wells. 

a larger foundry.may have to be moved to 


Two things should be noted with respect 
to Thailand efforts:
 

to be
 a standard taper seems 

(1) Eleven threads per inch with 


than 8 threads. This is
 
standard for 3-inch pipe rather 

(4 ) 
than
a stronger join t
 

porfectly satisfactory and makes 
not cut as
 

the 8 threads per inch because the thread is 


deep.
 

to l-/4"-inch reducer obtaminable in
 
(2) A type of 3-inch 


it can be, used as a cylinder end 
b'hon Benf is such that 

bushing can be inserted and 
cap. Where needed, a brass 

quite satisfactory.
 
a flapper valve attached. Again, this is 


Visit: t o,N G l' a2 

there are no currentlyteam learned thatOn arrival to lagos the 

com:leting active, 
programs of any type; however, CARE is 
sponsorCd well drilling 


In addition, CARE is actively pursning
 
large-scale witer-treaLnmnt programs. 


. One such program calls for 300 wells and hand
 
rural water-,supply programs; 


of the deep-well Lype.

in northerst Thailand, most are 
pumps. H.re, as 


(4) So'e sect:ion on l.'urt hcr Examination of Plastic Cyii nders.
 



Mr. William Rayman and Mr. Erik Fraser of CARE arranged with Nigerian
 

Foundries, Limited, to make the pump. The program was quite enthusiastically
 

received by Romeo and John Barberopoulos, owners of the foundry. They are 

currently making many fi:tings for municipal water systems in all the Nigerian 

states, and they believe they can make and sell the hand pumps to the same groups.
 

Wells and hand pumps are needed in Nigeria and it is believed that when the
 

pumps become available with spare parts (which have a high import duty) and
 

maintenance, a:hoy will be even more in demand. Several government officials
 

expressed interest in the pump during our visit.
 

Tie Nigerian Foundry is a modern foundry with molding machines,
 

small pattern shop, and a few machine tools. They are in the process of 

...xpandg: a larger cupola wiLh a crane assist for pouring is almost ready, 

larger molding machines are on order, and another lathe has been purchased. 

The Nigerian Foundry is presently a foundry only, not a manufacturer, and they 

do quite a bit of work with the Addes Engineering Works, a nearby machine shop. 

Before the team left Nigeria, parts for five deep-well pumps had 

been cast, and one completed pump had been machined and assembled. It is 

planned that several pumips will be ins talled in the napos area, and at: least 

one in each of the other states for demonstration. Mr. Robert c..g, Chief 

Office of Capital Development and Finnnce, US AID, will onit-or tIio program 

and assist where possib.e. 

Several other obstacles remain to he handled. Since thire are very 

few hand piumips in NijWe .ia, there is vir tua lly no 1-1/4-inch drop pipe, pump 

rod, couplings, pump cups, or plastic pipe of the proper size. These things 

can be imported--as mo:.st uin.u actanrc' d item:; are. The high cost of macliniing 
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is a second obstacle. The AID pump design lends itself to this ptoblem well;
 

however, some effort may go into castihg a one-piece pump. Ordinarily this
 

would reduce the flexibility of the design, but because deep-well pumps would 

be used almost exclusively, because of the high cost-low efficiency machining, 

and because of the high import duty on many types of items, every effort must 

be made to make the pump as inexpensively as possible. 

One other item of interest, in many areas of Nigeria the so-called 

potable water has a pH of less than 6, and corrosion between galvanized drop 

pipe and brass pumps or cylinders is greatly accelerated. This prompted 

consideration of plastic end caps as well as plastic cylinders. 

Patents
 

The main purpose behind Phases I, IT, and III for the Development 

and Field Evaluation of a Hand Operated Water Pump is to provide in total or in 

part an improv..d means by which people in developing areas may obtain, without 

a, out ;ds power source, potable watler for personal use. To assure the use of 

the design and pertinent infor:mation by anyone Without restriction, patenting 

of the pump was investigated. According to the Battelle Patent Department, 

a United0 States patent cannot be ob tainc d (and is not necessary) by Batelle 

personn,' (and assignd. Lo the United S;tates) or anyone else. ibis is based 

on 3 ,. .02; OS ,t eabi. y, novelty, ]os.. ol right'. ;. c,. foi t and to 

patent ; which provid.,s in part that a l orson shall be entitled to a patent unless 

the irvn Li. on was dW'c .il C a;i printad publication , nywhere more than one 

year i:.or to the dat:e o appl Wcition '?r pat c,.. in this case no patent is as 

good as obt:aining one. .\ cop3 of the entire s-e.ection 102 can be found in the 

Alpouni ,x. .V .i:; our ,ndo r.tendin"E wat men t oreign countries follow simi]lar 
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codes and practices to the United States. Descriptions of the pump and other
 

data appear in the Phase I and Phase II 
final reports dated September 29, 1967,
 

.and August 28, 1970, respectively.
 

Additional Plastic Cylinders Evaluation 

One of the questions continually asked was, "Wow deep can you use 

the plastic cylinders?" Theoretically if the maximum working pressure of 3-inch 

schedulc 40 PVC plastic pipe is 130 psi and water pressure per foot of head is 

0.433 psi, then plastic 3-inch cylinders should be capable of pumping in a 

well where the head did not exceed 130 v 0.6'r33 or 300 feet. llowcver, the threaded 

ends would reduce this figure somewhat. ehe>:ternnllv threaded end:- vould ake 

less diffccnc than internally thrcaded cnd:T. prssur o.ntornmf 130 psi 

would place a force of 318 pounds on the end caps. Sample 3-inch cviniders 

were made using 8 and 11 American standard taper pipe threads and plncod in a 

tensile test machine. Failure occurred at 71i0 pounds and 99'10 pounds, 

respectively. It is our opinion that 3-inch, schedule .0, VC plastic pipe 

with externally threaded ends should he capable of pumaping in wells with a 200

foot head of water. 

Because of the acidic condition of thu water in some of the areas in 

Nigeria and because of 1% high ni chining c'o:st, the use of plastic end caps 

is being invesLigat:ed. If Such ;ui arrangement is poF.ihble a loss expensive, 

noncorrosive cylinder can be made. 

DT S ".,:5,_:'I N ' 1-7 

i sem a 

under the Ph se 311 centac t h.,'.wevr, report dercrihint the " n conducted 

No results ore yet ava Liable for ,.1 ; j t i l from work conducted 



under the Phase I.andias ±II progr~-asrendd. o supply the'request~siK
 
-~ 0 - ,' 'f-- -. 

100 copies of these, reports are being made and 20 to 25,cpe will'be mailed
 

wi.thin tenext ten days'.
 

Project Manager, WnVI1UNIJ Rural Water Supply Poet Ara hana, ,,,that attempts
 

are being made to develop a tadpump acodn othe design recotmmended in
 

our past reports. Moeinformation wklbecome available in the coming moniths.<
 

-*;~.-'~' '.44-STATEUENT OF EXPENDITURES 

Project cost statement of expenditures through any given month becomes 

-:available two weeks following the end of that month. Therefore, costs incurred 

throigh NiTa 31, 1972) qI-P lisf--d inivthe fi*r.-M- rnli-mln inrlestiimited June costs 

'are listed in the second column. An exalct financi-al statement for the year 

June-30, 1971 to June 30, 1972, will be' given in the next quarterly report.-


The 5'.penditures thus -far seem reasonable for the work carried out and according
 

to schedule. 

Total Costs Estimnated 
Through Costs For 
44a, 1972 June, 1972' 

Dirct Salaries $ 8,873.14 $1,358.30 

B/ICL Ceneral Overhecad 6,660.56 1,032.25 

Departmental Burden Overhoad 2,342.31 366.72 

Travl 21.804,120.78
 

Other Direct Costs .. - 905.71 730.00 

Materials -and Supplies- 6,733'.37 40. 00 

Total1 $25,726.89 $7,648.05
 

'"Although 01(i S(,I f Iin re f Iects Lhe re cent tr ip, the travel 0%polns 0s
 
have 1not Cleared accounting.
 

http:7,648.05
http:25,726.89
http:6,733'.37
http:21.804,120.78
http:2,342.31
http:1,032.25
http:6,660.56
http:1,358.30
http:8,873.14
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FUTURE WORK 

During the coming year correspondence will be maintained with AID
 

personnel in Thailand and 
 Nigeria, and with those persons producing and/or
 

evaluating p'hnps field. would
in the These include CARE and the Nigerian
 

foundries. It is also anticipated that a second trip will be made to the 
 two
 

arcas already visited. The exact nature of trip and
the the time are yet to 

be determined. Mtch depends upon the progress of the program setup in these 

areas. Work in a third country has not yet been determined, but decisions 

concerning pump introduction and evaluation will be made in the coming year. 

Data concecaing pump fabrication and installation and evaluation of 

operation will be collected during the year. Any design or practice changes 

that seem pertinent to .rne nil! c csidcrcd. Past reports will Ve dist.suuI.Ltud 

on the basis of need as requested. 

It is believed at this time that the anticipated work will be within 

the budget as modified by the Review Board February 24, 1972. An estim-ted 

breakdown is as follows. 

Direct Salaries $2,500 

Consultin' 1,000 
BCL GenernI]. Overhead 1,901 

Dclmmrt ll. !turden 675 
Ove rhe:a.d 

Travel 2,200 

Other l c'(: Costs 400 

-aterials and Supplies 00 

Total, $9,175 
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