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June 28, 1972

Mr. A. Dale Swisher

Environmental Health

Office of lealth

Technical Assistance Bureau

Agency for International Development
Washington, D.C. 20523

Dear Mr. Swisher:

Enclosed are 35 copies of our First Annual Report describing the
activities on your program, "Field Resecarch and Testing of a
Water Hand Pump for Use in Developing Countries'. The report
follows the outline prescribed by vou in your letter of Mareh 9,
1972, If there arc any questions concerning the discussion,
please do not h051tate to call us.

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

Sincerely,

.7 B i’" a; \_- 7/ i .
/égzv'ﬁ-mgj:hdf?¢arzdvt /1.

Robert D, Tannon, .Jr.
Rescarch Enginecer
Equipment Development Division

RDY: jah
Enclosures

cc: Mr. V, C, Perelli
Countracting Otfficor
Office of Procurcment
Contract Services Division
Agency for International bevelopment
Washington, D.C. 20523



REPORT SUMMARY

FIELD RESEARCH AND TESTING 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. Famnon, Jr., Principal Investigator

COntract POTicd seeeesenssnesessse.e.. June 30, 1971 to April 30, 1974
Report Period .eeveevvennioseannesnsas June 30, 1971 to June 30, 1972
Total AID Funding to Date ..cevevens.. $41,000 1)

Total Fxpendilures seeecesesscossene.s 933,374.94 (BEstimated)
Estimated Expenditures Next Yeat ..... $9,175.00

NARRATIVE REPORT SUMMARY

During the first year oi the pregram the principal accomplishments were

as follows.

6 All drawvings, specifications, and bill of materials were
updated to reflect all improvements on the original design.

¢ Thailand and Nigeria were picked as two of the developing
countries in which to introduce the AID hand pump and to
conduct ficld cvaluation programs.

@ Boxcs 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.

o 'Iwo selected arcas weve visited by the principal investigator
and a machinist/techniciaon to intvoduce the pump, to instruct
and advisce in its fabrication, inastallation, and operation,
and to start an evaluation program.

o TPatent application was found te be unnecessary to maintain
unrestricted use of the pump by developing countries.

(1

Total costs include estimated June, 1972, cxpenditurcs.
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FIELD RESEARCH AND TESTING OF A WATER
HAND PUMP FOR USE IN DEVELOPING COUNTRIES

by

R. D. Fannon

GENERAT, BACKGROUND

Approximately three-quarters of the population of developing countries
depend upon wells and groundwater supplies for their domestic water needs, For
most, a hand pump is the main item required for extracting the water without
contaminating the source. To be satisfactory, this hand pump must be depend-
able, be able to operate under severe use with a minimum amount of repair, be
of simple construction with as few points of wear as possible, be of moderate
cosl, and preferably, be capable of manufacture in the country of its ultimate
use. In two previous AID resecarch programs, such ¢ pump has been designed and
evaluated under laboratory conditions. This program continues the quest for
supplying a superior pump to developing nations through a 2-year field-evaluation
program to determine optimum configurations. The results of the first program
(Contract No. AID/c¢sd-1434) are described in our summary report to AID dated
September 29, 1967. The results of the second program (Contract No. AID/csd-2174)

are described in our summary report to AID dated August 23, 1970.

PROJECT ORJECTIVES

"The objective of this project is to introduce, demonstrate,
and test in not less than three selected developing countries a water
hand pump previously designed by the contractor under another contract
with AlD for use under overscas condition, i.e., dependable, able to
operate under severe use with minimum repairs, oi-simple construction,

moderate cost, and capable of manufacturce in the country of ultimate



use. The contractor will make such modifications in the present

ll(]')

design as the final evaluations suggest,

CONTINUED RELEVANCE OF OBJECTIVES

Unexpectedly, the most difficult portion of the program to date is
e selection of three developing countries with both facilitics to produce a
hand pump and economic means to buy and install pumps so that a meaningful
evaluation could be made, The project review board, during the review and
appraisal meeting February 24, 1972, made five recommendations, three of which

are as follows.,

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

P N B S ~ 3 3 - -
possible aud get the initia

[

teet under wave  This trip should
not be delayed pendine identification of a sccond test site.
If agreement is reached with Nigeria or another second site
is sclected prior te return of Battelle personnel to the U.S.,
it may be visited enroute home.

(2) "If Battelle can affivm through one or two demonstrations
that the design unquestionably meets overseas roquirements
and the pump can be indigenously produced AID/W will, at
that time, consider reducing the mombors of test sites from
three to two.

(3) MSimilarly, the advisability of weducing the 24-month field
test to 18 months at cach site will be reviewed by AID/Y

at. a later dﬁLC.”(X)

The program is proceeding as recouwmended, and when changes arve required,

they can be made.

(1)

The objectives as stated in the Contract.

9
) Review jeaw Report - Battelle Hand Poap Contract TA/H, A. Dale Swisher, DP.JE.,
Mavrch 9, 1972,



ACCOMPLISHMENTS TO. DATE

The program has three general phases of work: preparation, field

evaluation, and data collection., To accomplish this work the following tasks

must be completed.

Update all drawings, specifications, and bill of materials

Select areas in three developing countries for introduction
of the pump and field test of the design

Prepare patterns and other materials for assembly of three
pumps for introduction to selected arear

Visit the three selected areas to arrange the program
including fabrication, installation, and evaluation

Assemble patterns, core boxes, and other necessary
materiale exclugive of the iron to produce a reasonable
number of pumps fur intvoduction asnd evaluation purpocces;

these will then be shipped to the cooperating manufacturers
Apply for U.S. patents

Make second visit to the sclccted areas to provide additional
technical assistance and start evaluation programs

Accumulate field data (ovew a 2-year period) and answer
technical inquiries

Assemble final repo:st and finalize drawings and specifications
to reflect field evaluation.

The firvst six of these tasks have been completed.

Drawings and Specifications

Phase I resulted in a basic pump design; Phase IT yielded improvements.
The purpose of this portion of the propgram was to put all the information

topether in the form of workiug drawings, specifications, and bill of materials




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 Countrics

Surprisiongly the most difficult task to date was the selection of
developing countries in which to conduct the punp evaluation., The two basic
requirements were

(1) A foundry/machine shop that is interested and capable

of participating in the program must be available to
make and sell pumps and to help conduct a test program,

(2) Econemic weans, individually, collectively, or a

sponsorced program of sowme type, must be available to
buy, install, and maintain the manulactwred pumps,

Sixteen inquiries were sent out Lo ten countrics:

Indin Tyan Mexico
Philippines Guatemala Korea
Thailand Brazil Sweden.

Scirinam

With the exception of Thailaund the responses to the inquiries were negative.
It scems almost unbelicvable that such little interest was shown, although
wore favorable sccondavy reactions have been received,

Three 7Thai governwent agencies (Accelevated Rural Development,
Ministry of lealth, and Department of Mineral Resources) have heen reported
to have an interest in the pump as well as the ATD Hission hydropeologist,
Mr. John Swith., Tt has also been reported that the AID Mission Dirvector
in Laos eapressed an interest in the puup, and perhaps buyiag pumps from
Thailand. Tn light ot this enthuriasm, Thailand was chosen as the first of

the developing countrics in which to work,



In January, 1971, Mr. Erik Fraser of CARE in Nigeria sent a letter
requesting more information regarding the pump and possibilities of manu-
facturing the pump in Nigeria. Mr. Ralph Montee, CARE, New York, advised that
CARE is engaged in a program requiring 300 pumps and that two foundries in
Lagos arc capable of producing the pump as well as a supply of materials.

" Because of the nced 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 sclected.

Parterns and Demonstration 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. Tt was also decided at the review board meeting that materials
would be sent ro the celected countries prior (o the first meeting; conse-
quently, a box containing a demonstration pump, a set of patterns and core
boxes to produce the cast components, and enough cups and valve material to

mialke 20 puwps was shipped to cach country.

Visit to the Sclecled Countries

bBetween the 19ch of April and the 18th of Mavy, Thailand and Nigeria
were visited by the Battelle team: Mr, Robert Fannon, Project Eugincer, and
M, Williaw Shafley, Technician, The program was enthusiastically received in

both countrics.



Visit to Thailand

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

Accelercated Rural Development (ARD)
Ministry of Ilcalth

Department of Mineral Resources,

ARD was currently the most progressive of the groups and had an active well
dcilling program. Ii was decided to work wore closely with this group. This
group was also quite aware of the Dattelle program,(3) After showing the
demonstration pump in Raungkok, the team's efforts were shifted to Khon Kaen,
in northeast Thailand, the center of the ARD Well Drilling Program.

Working wiih M. Samuel Bargnesi, the AILD Well Drilling Advisor, the
team installed the demonstration pump with the plastic cylinder on a deep well
in a village about 12 niles from Khon Kaecn. The patterns and core boxes,
shipped from Battelic, were taken to a backyaird, onc-man foundry where quite
satisfactory castings were made. Machining scemed quite savisfactory both in
commercial machine shops in Khon Kaen and that by the wachinist at the new ARD
maintenance facility. TLocal havdwarce stores carried plastic pipe suitable for
making the cylinders, and ARD stores stocked the remiining supplics with the
exception of the valve material which will probably have to be imported.
Religious holidays end a veview of the ARD program by the American smbassador
prevented the completion of several more pumps. However, there is no question
about the availability of the necessary facilities and materials and the

capability to produce the hand pump in Thailand.

(3)

An In-Dapch Staldy of The ARD Well Drilling roject by John W, Reave,
Samael J, havenesi, April 1, 1971, page 75,



The ARD well-drilling program in northecast Thailand has a goal of
100 wells (100 fcet deep or more) per year. Even though quite a number of
Korat Gear Pumps are in the warchouse, ARD plaus to install as many AlID pumps
as can be made. Apparently, John Suith will not be associated with the program,
but rather his assistant, Khun Sa-Ard, will monitor the cfforts in Thailand. He
will endeavor to get representatives from Mineral Resources, Ministry of Health,
and other agencies to go to Khon Kaen to sce the operation of the pump.
Hopefully, these agencies may securc a few pumps to be jnstalled en their own
wells. 1If more agencics want to try out the pump, procuction ¢f the castings
may have to be moved to a larger foundry.

Two things should be noted with respect to Thailand efforts:

(1) FEleven threads per inech with a standard taper sccms Lo be
standard for 3-inch pipe rather than 8 threads. Tbis is

perfectly satisfactory and makes a stronger joint 4) than
the & threads per inch because the thread is not cut as

decp.

(2) A type of 3-inch to 1-1/4~inch reducer obtainable in
Khon Faen is such that it can be used as a cylinder end
cap. Where nceded, @ brass bushing can be inserted and
a flapper valve attached. Again, this is quite satisfactory.

Visit to Nircerin

On arrival to Lagos the team learned that there are no currently
sponsored well deilling pregrams of any type; however, CARE is completing active,
large-scale witer-treatment programs. Tn addition, CARE is actively pursuing

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

pumps.  lere, as in aortheast Thailand, most are of the deep-well type.

@)

Gee section on Furthev Examination of Plastic Cylinders.



Mr, William Rayman and Mr. Erik Fraser of CARE arranged with Nigorian
Foundries, Limited, to make the pump. The program was quite enthusiastically
received by Romeo and John Barberopoulos, owners of the foundry. They are
current:ly making many fittings 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 necded in Nigeria and it is believed that when the
pumps become available with spare parts (which have a high import duty) and
maintenance, they will be even move in demand. Several government officials
expressed interest in the pump during our visit.

The Nigerian Foundry is a modern foundry with molding machines,
small pattern shop, and a few machine tools. They are in the process of
expanding: a lavger cupola withe 4 ¢rane 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 manufacturcr, and they
do quite a bit of work with the Addes Engincering Works, a nearby machine shop.

before the team left Migeria, parts for five deep-well pumps had
been cast, and onc compleced pump hiad been machined and assembled. It is
planned that several pusps will be installed in the TLagos area, and at least
one in each of the othev states for demonstration. Mr. Robert Peiy, Chief,
Office of Capital Development and IPinance, US AID, will monitor the program
and assist wheve posgibloe.

Several other obstacles remain to be handled.  Since there are very
few hand puwps in Niveria, theve is virtually no 1-1/4-inch dvop pipe, pump
rod, couplings, puap cups, or plastic pipe of the preper size. These things

can be inported--as most manuiactured items are.  The high cost ol machining



is a sccond obstacle. The AID pump design lends itself to this problem well;
however, some effort may go into castiug a one-picce pump. Ordinarily this
would reduce the flexibility of the design, but because deep-well pumps would
be uscd 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 arcas of Nigeria the so-called
potable water has a pH of less than 0, 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 T, IT, and ITII for the Development
and Field Kvaluation of a Hand Operated Water Pump is te provide in total or in
part an improv.d nears by which people in developing areas may obtain, without
an outside power souvrce, potable water for personal use., 7To assure the use of
the desiyn and pertinent information by anyone without restriction, patenting
of the pump was investigated. According to the Battelle Patent Department,
a United States patent cannot be obtained (and is not necessary) by Bactelle
personnl (and assipned to the United States) or anyone clse.  This is based
on 35U, 5.0,102; conditions fov thun(nbi!ij; novelty, and loss of vright to
patent; which provides in pavrt that o yperson shall be entitled to a patent unless
the ivvention was describeld in a printed publication anywhere more than one
yeav prior o the date od application »r patcat. In this case no patont is as
good s ebtaining one. A copy of the entire Section 102 can be found in the

Appendix., It is our mdevatanding rnat most foreign countries follow similar



10
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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 IT final reports dated September 29, 19€7,

.and August 28, 1970, respectively.

Additional Plastic Cylinders Fvaluation

One of the questions continually asked was, "How deep can you usc
the plastic cylinders?" Theorecically if the maximum working pressure of 3-inch
schedule 40 PVC plastic pipe is 130 psi and water pressurce per foot of head is
0.433 psi, then plastic 3-inch cylinders should be capable of pumping in a
wéll where the head did not exceed 130 -+ 0.433 or 200 feot. liowever, the threaded
ends would reduce this figure somewhat. The externally threaded ends would nalke

1
‘

. A ol P
ircaded ends i

m

less differeonce than internalls 3. Internal pressure of 130 p
would place a force of 318 pounds on the end caps. Sample 3-inch cvliuders
were made using 8 and 11 American standard taper pipe threads and placed in a
tensile test machine. Failure occurved at 7180 nounds and 9940 pounds,
respectively. It is our opinion that 3-inch, schedule 40, PVC piastic pipe
with externally threaded ends should be capable of pumping in wells with a 200-
foot head of water.

Because of the acidic condition of the water in some of the areas in
Nigeria and because of the high machining cost, the use of plastic end caps

is being investigated,  Jf such 2 arrangement is pos.ible a less expensive,

noncorrosive cylinder can be made.

DISSEMTIATION OF 13r0mnrioy

No results are yet available Lor dissemination from work conducted

under the Phase 11L contract. Houwever, repovts describing the + - conducted
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under the Phase I and Phase II programs are needed. To supply the requests
100 copies of these reports are being made and 20 to 25 copies will be mailed
within the next ten days.

It has just been learned through correspondence with Mr, B, Z. Diamant,
Project Manager, WHO/UNDP Rural Water Supply Project, Acora, Ghana, that attempts
are being made to develop a land pump according to the design recommended in

our past reports. More information will become available in the coming months.

STATEMENT OF EXPENDTTURES

Project cost statcment of expenditures through any given month beccmes

available two wecks following the end of that month. Therefore, costs incurred

through Mav 31, 1972, are listed in the first ecolumn and estimated Tune costs
are listed in the second column. An exact financial statement for the year

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

The expenditures thus far seem rcasonable for the work carried out and according

to schedule.

Total Costs Estimated

Through Costs lor

May, 1972 June, 1972

Dircct Salaries $ 8,873.14 $1,358,30
BCI, General Overlicad 6,660,56 1,032.25
Departmental Burdeén Overhead 2,342031 366.72
Toavel 211,80 4,120.78
Other Dirvect Costs 905.71 730,00
Materials and Supplies O83537 40,00
Total $25,726.89 §7,648.05

(5)

Although the Staff Time veflects the recent trip, the travel expenses
have not. ¢leared 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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FUTURTE_WORK

During the coming yecar correspondence will be maintained with AID
personnel in Thailand and Nigeria, and with those persons producing and/or
evaluating pumps in the field. These would include CARE and the Nigerian
foundriecs. It is also anticipated that 2 second trip will be made to the two
arcas alrcady visited. The exact nature of the trip and the time are yet to
be determined. Much depends upon the progress of the program sctup in these
arcas. Work in a third country has not yet been determined, but decigions
concerning pump introduction and evaluation will be made in the coming year.

bata concerning pump fabrication and installation and evaluation of
operation will be collected during the year.  Any design or practice changes

AR TN
L
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that coom portinent to make wil) he considerad.
on the basis of neced as requested.

It is believed at this time that the anticipated work will be within
the budget as wodified by the Review Board February 24, 1972, An estimated

breakdown is as follows.

Dirvect Salarics $2,500
Consulting 1,000
BCL General Overhead 1,900
Departwental burden - 675
Overhead
Travel 2,200
Other Divect Costs 400
Materiale and Supplics 500

Total 89,175

- 1e _ . . *
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APPENDIX

S35 NS H0U, Defaoiiias, Whon usedd an s e unde as e pontest other-
wise indivate s ==
(i) “The term fansention neans invention or discovenv,
(hY “Phe torm M process' means process, ot or method, ond ineludes oonews
use of o knoven precess, machine, wanutieture, comjisatton of Liiter, or
riiterial,
(e) The terms “United States" and “this country® mear the United States of
Amerioa, its terrilores nnd possossions,
G Thae word “patentee melades not anly the patentes to swhom e pateont
wits sl bt also the successors in title to the natentes,

35 U.S.C, 101, Inventions patentablo, Whoever invents or discovers any new and
useful process, machine, minutacture, or composition of miatter, or any new and
uselul improvement thtreof, mas ohtion o patent therefor, subicet to the conditions
and requircments of this title,

35 ULS.C. 102, Conditions for patentability; novelty and loss of right to patent,
A person shall be entitled to a patent unless —

{a) the invention wins known or usad by others in this country, or patented or
desceribed ino o printed publication in this or a foreign country, before the in-
venlion thereol by the applicant for patent, or

(b) the invention was patented or described in o printed publication in this
or n foreign country or in public use or on sale in this country, more than one
yeaur prior to the date of the application for patent in the United States, or

(e} he has abandoned the invention, or

() the invention was first patenied or cause 1o he patented by the applicant

or his legal roprosentatives or assigns in n foseign country prior to the dote

of the application for patent in this country on an application filed more than

twelve months before the Filing of the appheation in the United States, or

(e) the invention was desenbeld 1in o patent grinted on an application for patent
by anather filed in the Enited States before the invention thereof by the appli=
canl for patent, or

() he did not hpuself invent the subject matter sought 1o he patented, or

() before the applicant's wmvention thereof the invention was made i this

country by another swho had not ahapdoned, suppresscd, or concenled it, In

determining priority of wmvention there shall be considered not only the respee-
Live dites of conception and reduction to practice of the invention, hut also the

rensonable dilipence of one who was first 1o coneenve and list to reduce to
practice, friny o time poor to conception Hy the other,

35 U.S.C. 103, Canditions jor patentability; non-obvioas subjoct matter, A
patent may not e obtaned though the mvention is not identieally diselosed or
descenibed as set forth e scction 102 of this titte, i the differenees hevs oo n the
subject matter sought to be patented snud the prioe art are such that the suoeet
mintter s o whole woulil hove beon olwaous al the time the invention waas e
Lo person having ordinaey skl the art to which sind subjeet matler tertinn
Patentabaliny sholl not be negatived by the minner o which the invention wias

minde,

15 LS., 1120 Speedlications, The specification shiadl contaan oo swritten deserp-
tion of the anvention, vl of the manner sl process of aoking and using at, n
such tally elear, coneise, amd exact teens s tooenable ans peeson skibled o the
art oo which at pertains, o swothowhieh i s naost nearly conmeeted, toomabos and
use the s, aand shalb =t ot the bestomede contemplatead by the anventor of
earev et ot s anventon.

The specitications shall conclude with one or wore el 1!,|l||l'|l].|l|_\ Pointing
out and destioe thy clinpeng: the subject motter swhiveh the applocant ropands as his

invention. S clhaim way beowentten o andependent o dopoident torn, sl o i ile -
pendent fors, b shiodl be constroed to snelode ol e Tmetataes of b Lo

ieorporated by pe oo nee e thee depeondent ela,
A e et o oo Bor o eeeabomsat e sy bie engeeasen! g i o =t for
prertor i a0 spec bl baneb s swothoeet thee eeeatal ol shisetunes, waterid, o ot

v et Whieread, cnd sehe ol Shodl B st ten cener the conpe=galinge
shinic ey anateriady or aets ddosc e i U spneaticaton el s adents theneot,




