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Summary

1 Octuu2r 1976, Georgia Institute of Technology (Georgia ~.c'.; engi-
seers w e assignea the task of determining the feasibility of ioca..y manu-
féeou~...g tne AT nand purd in Sri Lanka. In order to easure the
m. L.acturing capabilities, project personnei surveyed holesale and r: 1:

»tao isaments, foundries, machine shops, and piastics manufécturers. .
Lu @ was found L. be an 1aca. country fo. .ntruc zcoion of the ... . l.d
vLmp. Loca. manutacturers, in general, offered -: atiuractive price ar_. had
LaL capaor. .ty to manutacture a quaiity pump. Sri Lanka 21350 proved
especiaiy e&ppropriate for the Targe scale insta, ation of hand pumps
pecause t 2 dispersion o, the rurai population renczrec piped w cer systems
ecsriomicea. .y unfeasible and because of the existence of a arge numoer of
¢ 2n welis that needed to be seaied from externa: contamir-tion. L.
Mar . 1980, after completing this pre:.:minary survey and conc .ding that
i cequate market and local manufacturing capabilities were avaiiable, USAIZ/

Lanka autnorized Georgia Tech to proceed witn the implementation of a
US..iu/Eri Lanka hand pump program.

A contract was signed between Georgia Tech and Somasiri Hu.i.»
nw ufactury (SHM, . acch 198G for tnhe production of 90 AID hanc puaps
(47 . .a.70 wel: and 45 deep-weil). These 90 pumps were manufactured at a
ur.: se... ; price of $149 and, following assembly and before de:.ivery to

cted > tes, each pump was checked in the factory for quality of manu-
fact .re ard indi ':cuaiiy tested on & drum of water to conclude the first

.. 1se . ..e project.

"2 second phase of the project dealt pr.iariiy with field testing of
“de A._ aend umps and involved tneir instaiiation at selected sites around
tie country (see Figure 1). Thirty-nine sites were chosen from a field of
130 wa ch haa peen ident. ied by Government of Sri _anka (GSL) officials.

Seventy-nine pumps were eventually installed at the 39 sites.

Tne manufactured AID hand pumps were continuou .1y monitored and eval-
ucted for overall performance, and the resulting data fed pack to the pump
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mir facturer for any necessary corrections and/or improvements. Foll: ring
factory correct ons and/or improvements based on data derived from botn
® eld and Tz2boratory testing, further monitoring and evaluation took rl. :e.
(. » problems, cdue pr marily to improper installation, ma:-:enance or
r .. obprocecures, were addressed with all levels of the S$% La :an
<~vernment maintenance infrastructure in the form of additiona® . d/or
~ ractive on-site training.

T

effectiveness of the AID hand pump monitorirg -~ctivities, espe-

(@]

ove o+ _se carrfed out in the field, was shown when a final inspection
+ v was mace in December 1981 of the five districts (Ka™ i tara, Hi¢ bantota,
<. 'y, Pmparai ar ' Jaffna) where the 79 pumps had beer sta’ler. At the
. of the inspection all pumps were found to be in gcod working order 'i+a
. ~xception of five. In Kalutara one pump was founc to be leaking signif-
c2' 'y at the base thread connection due to wear and/c~ poor machining

("7 : was remedied by resealing the connection with a joi 't c. jound). Ir
n7: tota, two deep-well pumps were not operating for unknown reasons
~ “Tg rrevious reports of vandalism and abuse, government officials were

'~ :he process 01 cesignating alternate maintenance personnel). Two other
Jur~e in Hambantota were inoperable due to missing parts that had been c¢r -
f--za >d by police in connection with a domestic dispute 2tweeen two vil-
17 >°s (one of whom was the caretaker of the pumps). The remai~ing 74 pumps

vaere abserved to be properly maintained and widely accepted by users. The

oo ntoaance infrastructure, reviewed at the time of the inspection tour, was
:1¢ to be operating smoothly.

As nart of this project, water quality testing was performed at the
3*te of each AID .o -d oump. Regionally, Jaffna had the poorest quality
water from a physicochemical standpoint with very high chloride, " =-dness

¥ & <a inity. Aside from high levels of iron and low pH levels, K.'ufara
h¢ a very desirable quality groundwater. The Kandy district also h~ very
¢ 27 .r=1e water, with slightly higher color and turbidity levels than fourd
a2t Ke'utara. The sites in Hambantota ard Amparai were similar to each other
with some chloride evident, and fairly high sulfate, alkalinity, hardness
and  on. The Hambantota sites, however, also were high in nitrate and
réganese.

- i_



In order to study the rate of bacteriological recontamivation, *f any,
o7 the well s.tes, an extensive testing program was conducted for 15 ei’s
. Kaiutara and Hambantota. These weils were dis‘nfected, the. testec for
coiiforms approximatey every other week. ./ contamination was .:Zicated
tne contaminated wol1 was redisinfected and monitored further. Records of
¢ 1taminations rates were kept for Kalutara and H. ..atota and the average
rec.onal recontamination rates were calc.? ted from this . ta. However,
these averages are not indicatiT of individual site resuits where simi.ar
conditions yieided quite varieq results, perhaps from exte na! interferences
sucr as bhucket dipping or repair operations that caused recor wa.nation.
Tk r, pased on the data and the test conditions, it would be very a rficu.:
to statistically justivy an estimation of a disinfection frequency ‘or eacn
d... ict, or even for each we i, without further research.

r1.1ager acceptance of tne AIJ hana pumps manufactured ana ..stalled .n
Sr- Lanka has been exc iient with no resistance to the ccvaring of the wells
anu installation of the pumps.

_n conciusion, there nav. been very pos..ive resu.cs from the ULSAID
sana ouwp program in Sri Lanka, as evidenced by wiaespreac .aterest from
boun the private and pubiic sectors. For example, an order for 380 AIU
2..2% has oeen piaced by the .inistry of Plan Implementation ~or tie
i.gral .. kura, Development (IRD) Projects in the three a.stricis of
Karun=:-"a, #Matale and Puttalam. In addition, IRD projects at Badu ‘a,
P ‘a v 1 a, Galle, Kanay asd Kegalie wil! inciude 600 weils. Approxi-
mate.. 500 wells are inciuded in the Matale and Poionnaruwa Distr-icis under
te ur IDA " ural water supply anc sanitation project. A Finnis oroject,
w30 expected to commence in 1982 for the darispattuwa eiectorate, .1
~nclude 300 to 400 wells. As a result, Mr. Haroid Fernando, Senior
Assistant to the Secretary of the Ministry of Local Government, Housing and
Cons -~uction (I _.GHC), has estimated there are 20,000 open wells now and an
annua: .eed for 2,000 hand pumps untii 1984 when tre demand is expec:ted to
increase to 3,000 and then to 4,000 annuaiiy from 1985 onwards until a tota’l
of some 40,000 pumps nave been installed.
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Based on the present price of the AID hand pump (approximately U.S.
5150 compared to the cost of its nearest comparable competitor (the T di=
© I at U.S. $350), the benefits in direct savings and reduced ‘oreig
cnrending are re Aily apparent. Coupled with the incentives of the expec’ ¢
m r 2t demand, it is not difficult to envision the opportunities available
. potential manufacturers.
r ortant’y, the USAID hand pump program has permitted the Government
Sr- Lanka to ‘“mplement its Decade Plan for rura?! water through a = nid

. mm ot

a--~.rcach *'at a'’ows present installation of hard pumps wi"e v .

Nodeq £a~ 1 s er term design and construction of piped we :r s rp'y syst.
m~a densely poculated areas.
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INTRODUCTION

Scope of Work

in October 197¢ . Georgia institute of Technology {(Georgi . Tech) eng:-
»2ers were assigned che task of determining the feasibii“vcvy of Joca:ly . . -
fec. ..., the Agency for Incernational Development \A..,; hand-operatea wat. °
L.mp in Sri Le.o<a. .o orarch 1930, after compieti g this prei...nary sur .
“1d conciuding that adequate market and local ma: fFacturirg capat...f...
were availaiie, USALD/Sri Lanka authorized Georgia Tech to proceed w.th .. .2

wpiowentation of a USAID/Sri Lanka hand pump program.

The primary objectives of the program, to bpe carriea out n two

d . :inct phases, were:

P 1ase One:

1. To provide the technical assistance necessary to estinlish

local production of the AID nand pump.

2. To oversee the manufacture of a production run of 90 ...D hand
pumps.

Phase Two:

1. To impiement a field hand pump instaiiation program.

2. To assess the impact and effectiveness of tne nand pumps oy
monitoring and evaluating water quality, hand pump perfor-
mance data and general user acceptance.

Georgia Tech engineers also undertook additional tasks designed to

a: - ~e the successful introduction of the AID hand pump in Sri Lanka. These
t.oks inciudea:



'« The pr r:nag of an ~‘lustrated maintenance and repair manual
(prepared in English, Singha'’ese and Tam®').

’ The .velopment and monitoring of a hand pump test program at t -2
Ceylon T stitute for Scient*fic and Industi *~' Research {CISIR)
designed to give accelerated wear data under ‘aboratory
ccrditions,

T 2 % -Tementation of an expanded water que'i*y r:nitering precoé
desicr~* to provide fu~ther information ¢ out the * e-
a*®factyveness of shock disinfection, soi! types and r~econtimirat
rates,

b, ‘ew cf Past Han< Pump Programs

Prior hard-operated water pump programs in Less Developed Countries
r ©C's) Fave met witl varying degrees of success. For most rural! sit, tior .
" re a protectab’e spring is not available, hand pumps offer the rost
eccnomica® means of ma*ntaining an accessible, safer water source. However,
t e “ess than satisfactory success record of many of these programs wo "¢
ir 1rate that maeny problems have not been effectively accressed., In one
oo f 1 .2, wi2n 44 pumps were inspected three years z2fter their 7%+ -7
2" ation, only 17 were still functioning.l/ This trend =~ sim’ --ly
ne.2' T a tect 72’ paper on hand pumps prepared under the jc 1t sponsor-
~~ of the United Nations Ervironment Programme (UMEP) and the Yorld ~7t»

t  araatic . “))2/ which reported:

_/ "and Pump Maintenance," Arnold Percy, International Technology Publica-
‘on, 277, London.

2/ "Hand Pumps for Use in Drinking Water Supplies in Developing Countries,”

T« an 2l DPaper "o. 10, International Reference Centre for Community ' “er
Surp* -, Voorburg (The Hague), The Netherlands, July 1977.
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The paper continued by characterizing the shortcomings of these

Tae nign rate o abandoned or defective hand pumps is not sim..y
a reflection of poor cuality pumps but also of inadequate mein-
tenance and repair. Thirty to eigaty percent of pumps out of
operation at one time in a hand pump program is a not uncommon
experience,

follows:

1. Poor quality of hand pump design and manufacture.

programs ¢

2. Lack of feedback from maintenance to engineering and procure =i.

personnel. Inadequate record-keeping.

3. Poor maintenance skills, lack of training, inadequate too:is,
of transport, and lack of supervision.

4. Invisibility of mai...enance ana Tack of urgency. .sers return t.

their pre-hand pump source. Maintenance supervisors are
removed from scene or need.

5. Lack of appreciation of preventive maintenance. Maintenance seen

as repair function.

‘ore recently, a June 1981 newsletter distributed by t'= internat - crc.

K.ference Centre for Community Water Supply and Sanitation3/ reported:

A" “hougin ajpreciable progress is being made in many developing
couritries with regard to well driliing and hand pump installation
for rural water supplies the same is unfortunately not true of
the maintenance of pumps once they are installed. In fact, hand
pumps break down frequently at alarming rates--up to 60% within

3/

“International Reference Centre for Community Water Supply and

Sanitation," N.122, June 1981, Rijswijk (The Hague), The Netherlands.
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ore year is no exception--and remain unrepaired for "ong periods
of time because of lack of adequate provisions for n. i tenance
and repair. Concentrated efforts are reauired 7  the impact of
many "71¢ pumn installation programmes is to continue.

From the above it can be seen that while the quality of .nd pump
s ¢n and manufacture remains the foundation of a successful rural water
st 2"y .-ogram, implementation of an effectively integ-atec mainte ..~ -e

~~r— 3 essentia’ to sustained success.

Genvg®e Tec’ anc the AID Hand Pump

Tr response to the need in developing countries for a reliable e~¢
in.roved supply of safer water and the coroliary worldwide need for a
~~on~-lasting, easily maintained and repaired, economical, locally manufac-
tt.2d "und pump, AID began a series of contracts with the Battelle Memoria’
T . tute to design and Tlaboratory test a reciprocating shallow- and deeo-
2 orz. A final design was developed (see Figures 2 and 3) and, in late
1976, Georgia Tech was contracted by AID to select two developing countries
for loc °~ manufacturing and field testing. The scope of work included oro-
v trx technical assistance to foundries and machine shops *~ the ma: fac-

L.t~ - eration, and evaluating the performance and acceptability of e
~and Jum? when heavily used in field situations.

Nicaragua and Costa Rica were chosen as initial test countries. Local
manufacture of the AID hand pump was completed and field trials initiated
he ween January 1977 and September 1979. The AID pump was subsequently
determinec to be reliable, sturdy, easily maintained, low in cost compared
"0 imoorts, and capable of being manufactured in developing coiln:ries.
After completing local feasibility surveys of existing manufactur® g capa-
51 !.ies, AID hand pump programs were initiated in the Dominican Republic,
Ir. onesia, Tunisia, Sri Lanka, Honduras, Ecuador, and most recently the
Fn 'i~pines.

From these programs, Georgia Tech has established a methodology for
coordirating the efforts of private sector manufacturers and government
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organications in implementing comprehensive hand pump programs that address
a wide range of technical needs. These include quality control in pump oro-
duction; site selection; pump installation; pump performance monitcring and
evaluation; training 1in installation, maintenance and repair; and water
quality analysis. As discussed in the following section, there remc~ins a
significant need for the continued application of this methodology by the
Government of Sri Lanka (GSL).

Figure 4. AID Hand Pump Installed in Kalutara, Sri Lanka--1981

Health Aspects

An unpublished 1979 Sri Lanka Governmental Ministry of Health report,
"Development of Primary Health Care in Sri Lanka," indicates that signifi-
cant progress has been made in the overall health picture in this nation.
The indices for Infant Mortality Rates (46/100,000), Maternal Mortality
Rates (1/100,000 live births), and Crude Death Rates (8/1,000) show relative

improvement over past years.
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- rever, the report goes on to say that these natior ! averages ° “de
t» nedias in remote communities where the Infant Morta'ity Rate is typicaly
Sh/02,00) and the Materna® Mort 17ty Rate approaches 2.5/100,C*° S¢ i
orto morbfdity fiures show dincreases in specific i” "nesses 1'ke rhaTern:,
ww,  Ffilaria ard T.B. Also, a resurgence of control’_. diseases nas
ey red in L recent past resulting in endemic outbreaks of diarries’
(% ~~3es. The report relates these health problems to the following:

The envirorment--sources of water, disposa’ of ._xcreta a1
other waste @ ' pc "' *tion.

2., The control of vectors--mosquitoes.

3. Nutrition, agricultural production, and cultural! h-Yits and
patterns,

4, Family size, population pressures and aggravation of health
problems in rura' and urban slums.

-

. 2> ' fe system of people--accidents, alcoholism, smoking, etc.

T 197%  morbidity figures showed enteritis and other cfarrhea’

b s fourth in frequency with 92,772 reported cases out of a tota® of

¢ 7 7 028 treated ‘1. government hospitals. Morta‘ity causes showed enteri-

:« 1 other diarrheal diseases third in frequency wi- 1 2,012 deaths o.. of

¢ ..« . mber of deaths from all causes of 32,366 reported by gover-~ant
hcop tals (see Table 1).

'n documentation prepared by USAID/Colombo}/ water supply was rr'-~ted
'~ *1e current Sr® tanka health and waterborne disease situation:

T Jack of suitable water supplies...has serious cque'*y of
" fa and health impacts on the population. In spite of advarces

4/ Country Development Strategy Statement for FY 1981-85,"
JRATY I nmbo.
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‘n *he fie'd of health in Sri Lanka over the last decade, there
has been a recent increase in the incidence of irfectious anc
parasitic diseases. Gastroenteritis, which remains the main
ca'se of hich infant mortality (51/1,000 births in 1974), is
associated with inadequate, unsafe water supn®ies and unsal itary
environmerta® conci*ions. Approximately 40% ¢  a'’ hospital
aamissions are due to preventable, communicable diseases, most of
which can be attributed to poor environmert ! corditions

1

‘nclir-“ng the "ick of safe water. Cholera and other diseases
r2ated *~ ursafe water suonlies such as typhoid and baci'! ary
“rsentery e=~ endemic in many parts of the country....
“r 1976, trore were 728 cases of cholera (E1 Tor) "n Sri Lanka
. th Ja r. and Colombo South being the main problem areas. Even
-+~ 1inadequate and incomplete reporting from available hospital
st tistics the magnitude of water-related diseases is signifi-
ce *. Th was not possible to obtain meaningful statistics on the
1act of adequate water supplies and nutrition, skin diseases,
parasitic intestinal diseases and other water related diseases,
"+ world-wide experience over the last several decades has given
evidence that a safe, adecuate water supply is essenti.”™ in the
~"arly develorment of a healthy society. In addition to .re
¢’rect irpect on the quatity of Tife of safe water, the sa' ings
‘- terms of ci-~ect costs of loss of productivity from reduced
"yspital admissions is also significant.

T » re~drt also cites the following from a draft health sector paper for
17y 077 1979283 Madium Term Investment Plan:

T'e disease pattern in Sri Lanka is characterized by the pre-
dominance of preventable diseases. The leading causes of hospi-
t. ization, outdoor treatment and death can be tracecd to *he
Tack of environmental sanitation, especially safe .~*er supply,
sewage disposal, food hygiene and vector control.
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About 40% of those seeking treatment at government medical insti-
tutions suffer from bowel diseases: mainly typhoid fever,
dysentery, gastroenteritis, colitis, and helminthic infestation;
hospital admissions for bowel diseases alone indicate an inci-
dence rate of 940/100,000 in 1975. Gastroenteritis remains the
main cause of high infant mortality.

Figure 5. A Morning Queue for Water in the Jaffna District

The Sri Lanka International Orinking Water and Sanitation Decade (1981-1990)
Plan

Fortunately for the citizens of Sri Lanka, their government considers
the improvement of the quality of life of all its people to be one of its
primary objectives., This is evidenced by Sri Lanka's International Drinking
Water and Sanitation Decade Plan. The Plan, 1in general, outlines the
national goals of the Government to improve the quality and quantity of
drinking water and sanitation facilities available to the entire population

_11_



* th2 year 2000. For instance, the Government plans to improve water
et iy conditieons 1 four specific areas:

. Quality: The majority of water supplies used for c¢rinking
and other social purposes, such as batl 'ng, was“‘ng, anrd
cooking, are not considered safe. To remedy this, the
Goverrnent w'l? “ntroduce all necessary improvements at both
er.5 ¢f the supoly chain. Various forms of treatment at the
sc'~ces of sur~nly wi'l be matched by cont nuous testing and
mc itoring at peints of consumption.

2. Quantity: The quantities of water available in most urban
and rural areas are insufficient. The Government will under-
take the activities required to develop new surface and
groundwater sources.

3. Reliability: The consumer's concept of reliability is based
on two ériteria: quality of water and, more importantly,
continuity of suoply. Quality considerations involve
“mprovements in both existing and future water supplies, and
continuity irolves the assurance that water will be av'i’a-
b'e at a specific time and at a specific location. It is t 2
goal of the Government to ensure the reliability of 17 water
supr-ies to al! Sri Lankans.

4. Accessibility: The distance between the source of water

supd'y and the point of consumption is a matter ':izh “as
great social and economic consequences. The socia' con-
secvences include aspects of convenience and energy expended
“n carrying a auantity of water. The economic consequences
include the time and energy spent carrying water which cou'd
otherwise be channeled into productive or leisure act<.iviies.
Consequently, it is the goal of the Government to make exist-
ing and future water services more accessible by placing them
as close as possible to the consumers, namely, in or near the
house or work place.
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. hogras uoescrioed Herein

As noted earlier, Georgia Tech was authorized in March 1980 by
USAID/Sri Lanka to proceed with the implementatior of a program for :ocal
manufacture of the AID hand pump in Sri Lanka. This program ailowed thr2
Government of Sri Lanka to quickly move into its Decade Plan witn cost-
e.:cctive hand pumps for rural populations while more comp’.cated pipo
water systems were being nianned, designed and constructed in more c3nseily
popuirated regions.

-y the end of 1980, a manufacturer had been contracted and castin: pat-
terns were made. In the field, Georgia Tech engineers began site surveys
a 1 prelir.nary water quality sampling 1in the regions of Kaiutara,
Hambantota, Kandy, Amparai and Jaffna. After the initiation of worc
contracted to se~’ existing open weil sites, the first AID hang Humps 2re
.nst: led in Kalutara in February 198.. Site construction, r.ad pump
...tallation, and maintenance and repair training continued in the fi .
regions until Septe der 1981 when work at all s.c.es was compleced. Pump
muitoring and performance evaluation continued untii December 1981 when
Georgia Tecn personiel made a final inspection of all sites.

At the conclusion of the testing period, monitoring data from the field
and from the CISIR laboratory were collected and studied to assess the
. :ctiveness of the program. It was determined that the AID hand pump, as
manufactured in Sri Lanka, offered a sturdy and cost-effective alternative
to .rported pumps for use in implementing a rurai water supply program. It
4. ¢.s0 shown that a viable maintenance infrastruc.u.'e couid be estab: shed
u. 1zing resources at the "grass roots" level and integrating taem into the
e;...ting Government organizations.

It should be mentioned that the program has gone beyond the mere
transfer of tie technology (the hand pump). It has also assisted the
Government 1in addressing related issues of training, maintenance, villager
acceptance, and institution building. Other donors, e.g., UNICEF, Finland,
and Denmark, wno are working on rural water supply systems for Sri Lanka
have also been aided by the program in the selection of an appropriate hand
pump, development of water sources, water quality analysis, etc.
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PROJECT ISSUES AND ACCOMPLISHMENTS

vate I .ternri.2 (Foundry, Development

Feuruty Se  :ction. In October 1979, Georgia Tech engineer. ~.r
¢sst o the task of determining the feasibii..y of iocaily m =~y ztur.ag
the AID hand pump 3. Sri cat .a. In order to measure the manufaccur.

ca oilivy =, project personnel surveyed wholesale and retai. estab..s -
merits, fo.auries, machine shops, and plastics manufacturers. Sri Lanka was
¢ ..seque cly found to be an ideal country for intrccuction of the ;I na. .
pump. Local manufacturers, in general, offered an attractive price and hac
vhz capabiiity to manufacture a quality pump. Sr. Lanka &iso seemed very
appropriate for the iasta.l..ion of hand pumps on a large scale becuuse ¢
J-spersion of the rural popui .lion mace piped water supply systems prot.. -
t-ely expeasive and because of a large number of existing open __i1is ~. .:
e ':d to be sealed from external contamination. During the initial sur\ y,
t. following six foundries and machine shops were investigated for possible
ré.wafacture of the AID nand pump .n Colombo, w~andy, and Jaiina.

J.alasana Ltd., 1. Colombo, was the most impressive organization inves-

t ited for hand pump manufacturing and left Tittie doub: as to its abiiity

to me uracture v ity products. it was a holding company t. at purcha. .

rouy? castings from Jinasena Castings and then carried out its own finis... 3

onerat.ons (& major proauct 1¢. . was centrifugal pumps). It had tre fo'.ow=

'g eqt.pient for finishing the rough castings, fo. wuiser.ling tne cast ceii-
por®ae3 d for controii,.  the quaiity of the finished product:

Large and smaii luacles
o Several sizes of miii.ng machines
¢ Precision drilling machines
Sanders and grinders
e Spray painting facilities
¢ Simulated head testing stations
o Conveyors for mass production assembly
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inz¢2na Casting had 15,000 square feet of foundry space hous?® 1 the
> ring eai ‘pment:

v Sand mixers

2 Medium-sized cupola for melting iron

e Furnace for melting brass
Furnace for melting aluminum
Oven to dry oil-based cores

» He'd and pneumatic presses for handling sand molds

o Special furnaces ir which iron is melted and me*als such as nic” ~
¢r " chromium are automatica'ly added to *he 1iron for snecific,
desired metallurgical content

3¢sed on a brief analysis of blueprints and a prototype manufact: -ed in

ird ~~sia, the AID hand pump was quoted at $65 per unit for local man € c-
v by ¢ niasena,

Z- 12 Enterprises was visited in Jaffna. This small company had no

i4+i g for melting iron (brass and aluminum or'y). Its machine s n)

‘te7 of one le’l @, one hand dri’’ and one hand g¢grinder. No qu te for

7 ctu~ipng £ AID hand pump was requested here because of insuf’ic en

' Titdes,

Uited Agro Eni'neering was also visited in Jaffna. Its foundry con-

: of a small cupola for melting iron and a furnace for melting brass

< ~'uminum (7 ninum and brass were the principle metals used in its pro-
¢t ity dren beiig poured once weekly). Its machine shop consisted of

1

e :hes, sc~: grinding equipment, a milling machine and a s "' qua'ity
07 area whe-~e centrifugal pumps were tested. The AID hand pump was
~otnd here at $65 per pump, and it was determined that United Agro most
1 1 could .ave made a quality pump if considerable externa® techn :-7

. T.ance were provided.

Auto Cycle Works was visited in Kandy. Although this company's mac'ine
shop was c'uttered, “t was more than adequate for AID hand pump manufacture.
'.s eoLpment consisted of lathes, milling and drilling machines, a su-~’ace
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viinde - and &én automated saw for cutting pipe, rod and angle iron. v 'ii:
the machine shop inspected was very good, the foundry operations Tleft . .ch
10 be desired. There .is no cupola for melting iron (crucibles were usec
instead). Only scrap iron was used as a raw material. Tie patterns tr..
were being u.ed were of poor quality, and it was noted thac the castings
" 2ing processed througn the shop were circuiar and relacively smal  uice
easiest o cast). The foundry itself was small and alio 2¢ or.y ascut 20
castings to .e poured at one time. The management of the company 2sv.netag
that the AID aana pump would be priced at approximateiy $75 1. ménui ctured
by Auto Cycle wc~.s. .t was not recommended that tais oryanicac:vn uider-
take manufacturing the AID hand pump unless its foundry was upgraaec.

Contracts and Suppiies, itd., a hoiding company based in Cc.ombo whicn
inc.ud2d united Agro Engineering, had recently acquired severa: "Wasp" iand
.+ ps from India retaiting at $85. The "wasp" hand pump was for ooth shéii-
Tow and deep weils and was somewhat rugged, but would be difficult to nui. -
tain because of its complexity and its large number of working components.

-t 'as concluied that oinasena _td. was the most appropriate voundry
and machine shop analyzed. owever, to assure equitabiiity .. the select:on
v an A:u hand pump manufacturer, an advertisement for letters of interes:
vas placed i the March 16, 1980, Sunaay Observer. After screening the

re.cnses to the advertisement, three additional foundries were investi-
Lo Brown and Company, .td.; Walker, Sons and Company, Ltd.; ari
o 5ir® Hui.er Manufactory. Of the above three comparies. Somasiri Hulier
. .ifactory was the most impressive witn very ' igh giuielity ca ¢ings ar.
sach-ing., Brown and Company, and Walker, Sons and Cc pany ..re fourd to oe
ve:y Tla-ge, disorganized, and lacking the quality that Somas.r. ..J...’
Manufactory exhibited.

Prior to accepting an order for manufactur.ng 90 AID hénd pumps,
Jilasena Lta. did an in-depth study of the various pump components and pre-
-pared a revised quote at $300 per pump, which appeared unreasonably high.
~ eanwhile, Somasiri Huller Manufactory (SHM) had determined that its price
for manufacturing the AID hand pump would be $85 for the deep-wel! model and
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]9 for the shallow-well model. With the expectation of high quality at an

attractive price, SHM was consequently selected to manufacture the AID hand
~mp in Sri Lanka.

I+ should be noted that SHM was established over 35 years ago by the

.~ .her of the current owners and managers, Pathmasiri and Somasiri Dias. It

29an as a one-". the rice hul’ing machine shop and had expanded to produce
rice mii’ing units per month with the following equipment:

Foundry:
Three-ton cupola for cast iron
v Two Jjolt.rs
Cne 175 c.f.m. compressor
»  Furnace for aluminum
Oven for cores
Woodworking shop for mold boxes
“loor capacity for molds for 75 pumps

Mac '“ne Shop:
Twelve lathes
Two shapers (planers)

11

One m* ng machine

Two 4' re_ /1 drilling and boring machines

¢ Three pedestal dri’’s

a (Cne 8'guilotine

¢ One 8' segmented bender

e One 50-ton press with die cushioning attachment
o One 6' ro''ng machine

s T-~ge 18" ro'ling machines

Cre power hécksaw
¢ Two gr riers
s Ms5cellaneous hand tools

Founcry Operations. A contract was signed in March 1980 with SHM for
the procuction of 90 AID hand pumps (45 shallow-well mode's and 45 deep-well
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mode. ). Tne manufacturing process (see Appendix A) taen began and con=
sisted basice..” of the foliowing sub-processes:

1. Pattern Making

Using an AID hand pump made in Indonesia and work:ng drawi igs (..
Append.x B) supplied by project personnel as guides to requ.r:d
specifications, two sets of wooden patterns and six sets oV a: ni-
w1 patterns were prepared. These patterns were used tc make L. 2

cas.i g molds.
2. Mold Making

Green sand molds were used to cast the various pump component .
Clay/sand mixtures were used to form the cores whicn cefine t
internal dimensions of the components.

3. Casting

Scrap met .'s of selected quality were meited down in SHM's three-
ton cupoia. The melt was removed from tne bottom of the cupoia anc
hand carried to the molds. Casting quaiity control was nm .ntained
by two methods: 1) by casting a wedge perioc.c. i.y « r~ing ne
casting process wnich was then broken to reveal the acceptapnie gray
iron or the undesiré.ie brittie white silicon depos:ts and 2) by
Vis.di s checkisg the castings for blownc.es whic. mignt rcuuce t:
strength of tne component. SHM also had acc..s to . e ~ .doratories
of CISIR and t.e Ceylon Steel Corporation when more in-uepth analy-
Sis was needed.

4, Machining
Apsroximately 7-1/2 hours were required to machine the AID hand

pump components for one complete pump. The breakdown of machining
and equipment used is shown in Table 2.
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Table 2
COMPONENT MACHINING RATES AND EQUIP ENT

Hours Required to

mponents Machine One Unit Machines _sed
S 1.00 tathe, ra " " ¢ 1
, ‘pe 1.00 Lathe
Lo 1.00 Planer, ¢crind =, ¢~"7"
Z 'y and spout 1,00 -athe, refal dr .}
Topdle 0.80 Planer, ric ¢' ¢ 1
cmtoant e 0.80 ¢ oy, lat' o
erc 0.40 Prarer, "+t 2 " Lep
n 27 Lethe  rg 73 7 T T
» 0.0¢ Lh oy e
hong 0.24 .o.tomate. s
For-g2 ' ass~hy 1.7 Auhe, re @ cdr T
herd t:

5. Brass Components

“"e pi ton (plunger) assembly was made of brass. It was cast by
Russe™™ R7om, Ltd., and machined by SHM.

5. Non-Metal Components

-1

. “wither cups for the piston assembly were suppolied hy .
Cey'on Leather Products Corporation. Th: rubber “or t*:. T ippe-
foot va'ves was suppiied by CISIR and was cut to the proper size by
§* . TFk2 flapper valve seat was made of PVC ~' cmr37je’ and
fitted by SHM.

Fo' o - 7 assembly of the pumps and before delivery to the sites, ea:h

r-=3 1~ - ecked in the factory for quality of manufacture and was ind’ 'i-

17+ tested orn 2 drum of water to conclude the first phase of the pi~i-~t.

> Inst. ""ation and Maintenance

Site Selection. The second phase of the project focused on insta''--

tion anc field testing of the AID hand pumps at selected sites arcund the
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country., The Sri Lanka Government, represented by the Ministry of Local
Government, Housing and Construction {(MLGHC), helped to coord .ate the
selection of the weli sites and assisted Georgia Tech in well reconstruc-
tion. As indicated earlier, five districts were chosen to receive pumps:
Karutara, Hambantota, Kandy, Amparai, and Jaffna. In each of these are-s
tie MLGHC first instructed the Assistant Commissioner of Local Gov.rnment
(ACLG) to select a nuroer of suitable public well sites from which Georgia
Tech project personne: would make a final determination.

Thirty-nine sites (see Table 3) subsequently were chosen from a field
of 130 which had been identified by ACLG officials. Site selection was
based on the following criteria:

A. The hand pump scheme should be acceptable to the local community.

B. All possibie sources of groundwater contamination should be at
Teast 50 feet from the well, These include:

1. .ny sanitary faciiities (latrines, septic tanks, etc.)
2. Bathing and washing welis

3. Agricuitural fields using insecticides or fertilizers
4. Drainage canais, fish ponds, or other water bodies.

C. The site should provide year-round water.

D. The wei) should be a public well located on as high a ground eleva-
tion as is practical.

E. The water should be of quality which is acceptable to the people
and within WHO standards.

F. Trhe site should be easily accessible for repair and cleaning, water
cuality sampling, and pump performance monitor.ng.

-

1 2%i construction. District engineers and technical officers were

ir_tructed in basic well construction methods ang given plans which
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TABLE 3.

THEIR TOTAL DEPTH AND. DIAMETERS#*

SITES SELECTED TO RECEIVE HAND PUMPS,

“SITE NO.

REGION !

SITE NAME DEPTH, FT. DIA} TE=, F.
1 Ukwatta Kalutara 19'6" 7t
2 Vettawa East Kalutara 15'0" 4'
3 Vettawa West Kalutara 14'0" 5'6"
4 Bollesagama Kalutara 18'0" Se"
: Adhikarigoda Kalutara 127" !
6 Serupita Kalutara 16'0" 7' C"
7 Liyanagoda } Kalutara l 19'4" 7'0"
8 Koodapaligoda Kalutara 216" 7
9 Matugama A.G.AJ Kalutara 8'o" 4 o
10 Ralua Hambantota 29'0" 7 M
il Karamatiya (lDW%V Hambantota L 39'0" 8'2
12 Julampitiya Hambantota 21'6" 7'0"
_ 13 Oluara Hambantota | 25'0" e
14 Namaneliya Hambantota 16'0" 7'0"
15 Ethgalmulla Hambantota 447 24'6" 6'6"
16 Panburawa Hambantota 23'6" 7'Q"
17 Kadrupokuna Hambantota — 23'7" 9'6"
: Labuhengoda (20W)  Hambantota % 34'0" 6'0"
Wellipitiya (4SW) Hambantota 25'0" R'6"
20 Andrawewa Hambantota | 15'0" 6"
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TABLE 3 (Continued)

| SITE NO. SITE NAME _ REGION '{““ﬁs‘ﬁﬁ,ﬁff.—“ | __DIAMETER, Fr. |
; 21 Sammanthurai {2 % Amparai 444 17'0" ; 5'0" ;
22 { Karativu #l i Amparai | 10'0" | 6 '
| .
23 | Karativu #2 Amparai 16'0" J 5'0"
24 ! Periyamullativu Amparai % 14'0" ; 5'0"
i 25 | Madawalanda Amparai 17'0" 7 6°0"'
L_ 26 . Kaeselwatta i Amparai ] 16'6" 5'Q"
27 Weheregama . Amparail 4 156" | 6'0"
28 ; Vijayapura | Amparai 15'6" i 4'6' .
29 Galapaula Amparai 20'0" | 6'0"
|30 Kupuliyadde :  Kandy g'Q" 5 x 5 square
— 31 i Botawatta Tikiri | Kandy 10'0Q" 6 x b square }
32 _ Bellwood Colony | __Kandy K 16'0" | 6 x 6 square ]
33 Uda Deltota Kandy 7'0" 1 5 x 5 square l
34 _ Manthuvil #1 Jr Jaffna i 14'7" J} 4'9"
, 35 } Manthuvil #2 ; Jaffna [ 14'4" AJ 4'6" -
36 1 Kaithady Jaffna 18'10" 116"
37 l Fatima Church(ZDWi Jaffna E 28'11" 1G'8"
38 l Vaddukoddai | Jaffna : 18'3" 4 5t0"
39 i Kalevaddawathai Jaffna { 17'7" f 6'8" .
#Note - Unless otherwise specified, all sites constructed with two shallow-—

well (2SW) pumps.

#DW - indicates number of deep-well pumps.
#SW -~ indicates number af shallow-well pumps.
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e-*~~1ished general Georgia Tech requirements. Using these »n'ans as guide-
1 nes, the district personnel estimated construction costs, and bics were
r’ic .3 from 'ocal contractors. Reviews were then made of the bids &--
~~oteztos selected on the basis of cost and experience.

Construction of the wells followed with the ACLG engineers supervising

t' contractors and Georgia Tech personnel monitoring and reviewing the

v~=c11 acti oity.  This preoad very satisfactory and enabl .d the nrogram to
£ 2ad in the 7 ve chosen districts simultaneously.

The bas ¢ construction methods (see Appendix C) entailed sealing the
.st*:g ra “.dv - open wells with a concrete slab. Because < t  cos's
o lved, wells ~ ich were too large or in extremely poor ce ""tinn wer » not
= '~rtad, Of those selected, most were unlined, headwal s usually cracked,
aprons in poor condition. Therefore, contractors were “nstructed to

r o> e headv1’'s, reline and plaster the inside of the well, and cover
“ 2 wa'l! with a reinforced concrete slab. Aprons were buiit extend’rg five
feet from the well walls to ensure proper drainage and to F21p prevent \ ter
< _page. Marholes were built into the slab to a''ow access for ma‘ntenance

reca‘r but sealed off to prevent inflow of contaminated water.

Prn  Installation. The installation procedure (see Appendi: C}

th 1g" Tow-v 21T pumps was fairly simple and accomplished by cne or two per-
-z % less than an hour.

el

'

“or trz2 deep-well pump (also outlined in Appendix C), however, more
-z rower (three or four persons) and time (two to three hours) were neeced
*~ "a Ala the heavy drop pipe and rod. The procedure was also very s mnle,
~ oo orecrired carefu’ measurement of drop pipe and plunger rod '2-gths.

Construction/Installation Costs. Each of the five districts where

© 2s were installed was dealt with separately with regard to wel®
-t ction. In some cases construction and materials acquisition were
grgarized c¢*rec*'y through villages and rural development societies, while
* others, by local or regional contractors. As a result, costs for eé:ch
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area varied accordingly. The cost of consi,;uction in each district
depenaent on the availabiiity of building materials such as cement, steel
timber, local transport costs, and the ability of tne contractors to work on
more .nhan one well site simultaneously. In some areas the contractors wouid
construct two or more wells, while in other areas each well was rehabiii-
tated by separate contractors.

The costs per well, as seen in Table 4, ranged ‘rom $306.29 to $54.:.,27.
These figures include ali builcing materials such as cement, s..2i, sand,
stone, timber, PVC pipe, labor, local transportation of materiais, anc
overseers charges, However, they do not include the cost of the pump
instalied at each well (most well sites had at least two pumps installed).

Table 4
CONSTRUCTIGON/INSTALLATION COSTS

No. of No. of Total Total Cost Per
District Wells umps Cost (Rs.; Cost ($)  =21. (3)
. utara 9 18 86,873.87 4,826.33 536.26
rHembantota 11 23 107,171..13 5,953,94 541,27
Kandy 4 8 24,903.58 1,383,53 345,88
hopar:! 9 18 49,619.63 2,756.65 306.29
Jaifna 6 12 40,487.46 2,249.30 374.88
Total Cost 309,055.67 17,169.76

*Approximate exchange rate: Rupees 18 = U.S. $1.00.

P. 2 i1 tenance. A major weak spot i1 many hand fump programs

throughout the world has been the maintenance infrastructure. Although the
A.J pump was designed to withstand intensive use, it must be stressed that
no machine, regardless of design, is truly "maintenance-free". To meet this
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- Tu2 1
‘ -.ca:

need for maintenance, the Georgia Tech team and MLGHC organrized a

mz - .enance ‘nfrastructure and a training program for vi®" jJe cari . tars
{: e Appe dices D and E).

During the construction phase of the project in each district, one or

ve 71 ge caretakers were chosen for each well and were approved by thre

~ogne ity Centre (CC), a vo'untary citizen's organization wit *n each com-
v rity (or v 1'ane),

.2 chief duties and functions of the caretaker were as fo' 7o .-
e lLutricating pumps on a weekly basis as shc - in a ~—“inter~--e
mara® given to the caretaker.

2. Rerlicing plunger cups, connecting pins and foot v.ves as st 'n
in 7" 7 "ntenance manual on an as-needed basis.

2. Maintaining the spare parts required and contacting the Technical
Cf€izer of the local authority concerned ¢nd/or the Tecinica®
0"ficer of the District Development Counci? when the pumps : edad
maior repairs, when there was a lack of spare leather ctp-, n'rs
or ‘oot valve flappers and/or when general advice about “he pu »
or well was required.5/

4, Being responsible for the security of the well and the pumps.
Earh caretaker was given individual instruction on procedures for m2in-

“11'ny and renairing AID hand pumps. This training session usually cn’ -
cided with the actua! instellation of pumps at preselected, re ab ' :ated

3/ Each caretaker was provided with one set of pins and cups, one foot
. lve flapper, and a set of tools, including pliers, screwdriver and an
~ i rc+table wrench. These were kept at the home of the caretaker who was
accotintable to the Technical Officer for the parts and tools. When the
cups, pins, or foot valve were used for repairing the pumps, the Tec nical
T ficer was notified and the caretaker was resupplied.
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> tes where one pump was disassembled, reassembied step-by-step, u
1stalled by Georgia Tech personnel as a demonstration to the caretakers.
o ~ing this process, each part of the pump was compared to the drawings ..
the maintenance manuai. A second pump was .nen disassembled, and re ssem-
.2d and instalied by the caretaker under the supe~ 1.,i0n of Georgia Tech
v eers. At each stu >1i1ng point, the caretaker was encouragec 20 COnwu:ic
his maintenance manual.,

Tre mainterance manua: was avaiiadle to the caretaker ia Englis. .,
Si.;halese or Tam. . It contained, as seen in Appenc.x E, & 'cscriptio, «°
yronlem symptoms and their remedies, and én iilustrated portion dep.ct.ng
the four mechanical tasks of the caretakers: Tlubrication, cup replacement,
p.7 rep. cement, and foot valve replacement.

P no Testing (Field ang Lab)

T.e oojectives of testing the AID hand pumps manufactured in Sri _.-:..:a
were to collect, ar. yze and evaluate technical data related to any prob.ems
~ssociated wit.. tle hana pumps anu to correct them quickly.

riid Tostity. In the Tield, al: defective, «imaged or worn pump com-

ncrants  were identified and the data returned tvo the pump manuvacturer,

for any necessary corrections and/or improvements. Following factory
., cections/y provements, and, if necessary, rectification of trna deTects ..
Li. 7+ vy, arther field monitoring took place. Other problems, due pri-
ma...y to ° Jreoer instaiiaticn, maintenance or repair procedures, were
ac ssed 1 .tn all leve .. of the maintenance infrastructure in the form of
adu.tiona) and/or corrective on-site training.

The fo.iowing manufacturing problems ana corrective measures were
addressed d.,ing the field monitoring of the pumps:

1. Anchor bolt noles and pump cap/body holes not symmetr.cal--SHM
informed and drilling jigs developed.
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?  Plunger rod rubbing against rod hole in pump cap--S'"!' infgr ac ir’
dril” " g jigs redesigned.

3. _eak at foot va've screws in base--SHM informed, screws and *---
shortened.

4. Break in handle fulcrum--SHM informed and qur'*ty control inspec-
tion orocedures i proved.

. Rubber feoot valves deteriorating from PVC va've seat st rp- s~ "™
. orm ., va''e seat edc2s rourded anc¢ th zker rn bber -cad £t
valves.

Pa)

Foot viTve screws being struck by plunger asser>ly--SH' infprmad
and n’unger rod shortened by one inch.

7. Pump bases leaking at threaded connection--SHM informed &A1

threading process refined, bases assembled with sealing tape.

2, Har''2 broken--SHM informed and quality control inspection »oroce-
i *a2s imoroved.

2, Sliding b’ock wearinn and causing plunger rod to rub aga*® st 1:me
¢~ hole--SHM informed and cap hole elongated, lubrication oroce-
Aures ‘mproved.

It <o was recommended that the foot valve seats (item 5) be changed
) PVC to brass on 3’7 future pumps and that a lubrication fitting be

~

¢~ e'c:ed to further prolong the life of pins and bushings.

“'e effectiveness of the field monitoring feedback was shown --en a

<
f

ir 1 dr jection tour was made -n December 1981 of the five districts where
<. pumcs were installed or warehoused (four additional pumps were left
‘v CISIR and two were left with the National Housing Authority for an
ever: "1 tot¢™ of 90 pumps). The final distribution of these 84 pumps - s as

= 1

AT ¢ IS0
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o Scrice Shallow=Well Deep=We. ]l Spares

Ka.atara 18 1
Hampantota 20 3 1
Kandy 8 1
Amparai 18 1
Jaffna 10 2 1

TOTAL 74 5 5

At the time of the above inspection all pumps were found tc be in gooc
working order with the exception of five. In Kalutara one puww was found to
be leaking significantiy at the base thread connection due to wear and/or
poor machining (this was remedied by resealing the connection with a joint
COMpoUnG ;. In Hambantota, two deep-well pumps were not operating for
L .nown reasons (citing previous reports of vandalism and abuse, government
¢.t.cials were 1in the process of designating alternate maintenance
rersonnel). Two other pumps in Hambantota were inoperable due to missing
v ~ts that had been confiscated by police in connection with a domestic
SiI-dte belween two viilagers (one of whom was t.ae caretaker).

In contrast, and by far the majority (74 of 79), were the remainder of
the , mps which were observed to be properly maintained and widely accepted
by ..rs. The maintenance infrastructure also was reviewed at the time of
the 1nspection tour and found to be operating smootnly.

Lad 7es ing. In conjunction with the field testing, . aboratory tests
.e.e conducted with CISIR. The advantage of the laboratory setup was that
severa: years of intensive use could be simulated in a short period of time
anc under a controlled environment.

Tne laboratory testing began during a crucial time in the pump manufac-
.. ~11g phase when several availabie options in tne specifications of the
leather cup and foot valve materials had to be narrowed down to those which
would most likely give the best results in the fieid. A secondary purpose
waS to determine the relative wear rates of various pump components in an
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¢ - npt to predict which components might require the mos. mai tenance : 1
t' . orcgtest “aventory of spare parts.

'hila laboratory testing has its advantages, its use to predict -~ =m-
~ovont durabit "Ly and 1ife in the field must be qua®ified. Fsctors such as
“Iorogultity, sand, salt, cyclic wetting and dry ng of cups, anc¢ variatio. -
- the user's pumping strokes all affect component durability but cannot be
~~-yrately dupliceted in the laboratory due to the wide variation of these

“tore n tb f 2¥d,  For this reason, the laboratory testing was des*® -ed

‘wor 1 as a screening test to deterr ne wh ch cuns ar walves T %
< red for further field testing.

Based on the pumping rate of the test stand desig.ed and bui’t by
Ot Tech staff and SHM, a simulated one-year period of intensive pump
.2 could be ccmpleted in approximately 38 days of continuous operati-~:.
P >~e specifically, two hand pumps were installed on the test stand and were
« arated at an average pumping rate of 44 strokes (cycles) per minute.
% '"1z'ng a six-inch stroke inside the tiree-inch inside diameter cylinder

cwed 11,660 c¢-"'ons of water to be pumped per day. Assuming that -

-~ sumption rate per person in rural Sri Lanka was six gallons per day

« %o vined from conversations with UNICEF/Sri Lanka personnel) and that 20C

1= 2 °s re‘ied on one pump for their water needs, 122C g~1'ons per pump

¢ he needed daily. Thus, one year of actual operation for each pumn

. ¢ be simulated in the laboratory in 37.6 days (2.4 m**lion cycles) of
¢~ .ruous operction:

0

1200 ga’lons used per day x 365 days/year = 438,000 gallons
438,000 ¢ Ylons = 11,660 gallons per day from test stand = 37.6 days

A test procecdure was established which included baseline data measure-
men*~ anc¢ subsequent remeasurements at various intervals therec :er
‘er~prding on the component. The items specified for data measurement were
romn flow rate, va‘ve leak rate, hei ht of the foot valve seat, pivot pin
C aters, the internal diameter of the bushings and the PVC cy’*nder -7
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and the width of the slider block .racks. In the event of pisy faifiure,
o das speciiied chat the following be recorded:

\>) hich component failed,
(2) ?hysical dimensions of the failed component, and
(3) Probable mode of failure.

Status reports were to be submitted monthly to Georgia Tecn fol.owed ..
comprehensive Tinal report at the conclusion of .ie testing.

Two s...7.ow-weil pumps were mounted on the test stand which gave o :
-.mps a .C foot suction head. The pumps were driven by a 1i/2 horsesowe:
1... 2e-phese motor. The test stand was equipped with an automatic shut-o.~
system  iich wou u stop the test whenever eiti.r pump quit pumping water
(t1is was 1.dicative of a component failure). Stroke counters sttacned to
the stand were operated by the movement of tne , mp hanuies. Havin
"aebugged" the test stand, the testing began on Juiy 8, 193..

C:Si. released its first report on November 13, 1981 which covered the
& veu from Ju.y tnroug.a August 1981, and which - s atteched as Appendix F.
The report seemed to indicate that a satisfactory ru.der flapper valve had
been identified but no conclusions could be drawn because of inadequate

documentation.

A . c.oer of the Georgia Tech staff visited CISIR 1n Febr. -y 1982 to
cwcn .o fiore inforra ion ¢ the results of the pump testing and .. obta.n a
nal report (whica proved unavailab'.e). From conversations witix CISiKk
svi 'fy T was .2arned that the rubber flapper valve ident.f 2d n -
_ovaember 1661 report had shown no signs of wear or duiorioration over ' e
test period. it also was learned that buffalo hide cups outperformed
¢c . .de cups by a large margin. A brass foot valve nad been slated for
testing t.c preliminary tests revealed it leaked too much for considere*ion.
Several oushings in the pump handles wore out prematurely from the outsice
«N=-.,.e.,, the bushings were improperiy turning inside the cast iron members
“ns.ead of the pins turning in the bushings. dowever, the handles a...
bu. 1ings were repiaced and this particular problem did not resurface in the

ab or in the field.
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The two test pumps were disassembled and inspected during the above-
nerticned visit to Sri Lanka. After seven millior cycles (three years of
€ “y~'ent fio'd use), the pumps, equipped with buffalc hide cups, ri' er

nrev yalves and properly fitted pins and bushings, showed no percepi*-‘e
= ¢ns of wear. Tt was concluded that the hand pumps were of ~'gh quality
~ z'outd perform wel” in the field.

As with - 'eld test monitoring, SHM was kept fully irfo' 2od of the ‘ab
se.ting resuits for corrections and improvements in the manufacturirg

Trless.

T ter QuhTlity Tes g

' 21 water quality testing (chemical and bacteriological) was perfer 4
“'you 10t the project with two major goals in mind:

(1) Tc develop baseline quality data (chemical and physical) on the
water in the wells selected for development, diminishing the pro-
bahility of developing water sources harmfu! to the public.

(2) To monitor selected wells for bacteriological recontamination
after development, demonstrating the effectiveness of the *--d
pump from a health standpoint and aiding in % 2 cdetermin tjor <

disinfection frequencies necessary to provide safe water.

Tests were performed to determine the value of the following parameters
‘er to evaluate the potability of water in each wel?! under considera-
tion "o r ceve conment:

a. Chloride f. Iron

h. Color g. Manganese

c. Turbidity h. Sulfate

c¢. Hardness i. pH

e. Alkalin®ty j. Nitrate and Nitrite



Regionaily, Jaffna had the poorest quality water from a physicochemical
standpoint with very high chloride, hardness, and alkalinity, probably due
to sal. water intrusion and an extensive Timestone sublayer. Aside from
high levels of iron and Tow pH Tlevels, Kalutara had very high quality
groundwater, clear and salt free. The Kandy district also had very desira-
bile water, with slightly higher color and turbidity levels than fou~d at
Ka acara. ihe sites in Hambantota and Amparai were similar with some
c.ioride evident, and fairly high sulfate, aikalinity, hardness and iru .
Tne Hambantota sites, however, also were high in nitrate and manganese.

A sites were tested for coliforms before the wells were ren by -
tated. Of the 39 wells developed, only one well was free of fecal con-
tamiration before pump instaliation. Following pump installation, each well
was shock disinfected and retested. After shock disinfection, none of the
wells showed evidence of fecal contamination.

In an attem.t to study the rate of bacterioiogical recontamination, an
extensive testing program was organized to test 15 welis in Kalutara and
Lo.oalcota. These wells were redisinfectea, nien tested for coliforms
approximately every other week. If contamination was indicated, the con-
tamin.ced well was redisinfected and monitored fur.ner. Records of con-
tamination rates were kept for Kalutara and Hambantota and the average
c..Lamination-free periods were calculated from this data. However, these
averages are not indicative of individual site results where similar con-
ditions yieided cuite varied results, perhaps from external interferences
such as biucket dipping or repair operations that caused recontamination.
T.1s, basec o the data and the test conditions, it would be very aif..zu.:
to statistically Justify an estimation of disinfection frequency for each
sistrict, or even for each well, without further research. Appendix G con-
tains the details of the chemical and bacteriological testing program.
Appendix H contains a listing of water quality testing equipment as well as
ot er equipment and supplies donated to GSL at the conclusion of the
program.
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Villager Acceptance of Hand Pumps

Villager acceptance of the AID hand pumps manufactured and instal':d *n
iri Lanka has been excellent. Overall, the vi''arers have conti uously
expressed their appreciation for the pumps which they explain have made
irawing water from the wells much easier. Also, the villagers have under-
steod remarkably “~'1 the sanitary significance of getting water from a oro-
{t - >u'd be noted that much of the credit for villager acceptance has ' :p
due to thorough health education briefings by Technical Officers of the ACLEC
nr o to well! rehabilitation and pump installation. As a result, vendal®-:

“ the pumps in the field has been slight.

wectad we’1 rather .ian from other sources such as rivers, fish ponds, etc.

Lconomic Advantages of Local Manufacture

Developments in industrialized nations such as rising oil prices and
nflation have severely affected non-0il producing developing countries such
¢~ S~i Lanka with even higher inflation rates and increased costs for raw
materials used in manufacturing processes. Accordingly, raw materials us .
“n Sri Lankan hand pump production, mainly scrap iron and coke, have
increased dramatically in price resulting in higher pump production costs.
7.% na'ly contracted at a price of Rs 1250 or $79 (exchange rate of Rs
15.8/%$1.00) per shallow-well pump and Rs 1350 or $85 per deep-. ~'1 pump
*n ,"arch 1980, material costs later increased the price for both models to
Rs 2750 or $149 (exchange rate of Rs 18.5/$1.00) per pump in May 198l.

~owever, this increased price is still considerably less than imported hai 1
pumos of comparable quality (for example, the India Mark II at '.S. $350).
Lo~:" manufacture has represented employment generation, increased spare
parts availability and reduction of foreign exchange requirements. (A
current price listing for pump components, if purchased as spares, is given
" Tahle 5.)
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Table 5

SPARE PARTS PRICE LIST

Pr.ce*

P .t NoO. Description Quantity (Rs.'
SW 0% lunger Roa M 57.50

02 Pump Rod Nut 2 4.C
G3 Rod Ena 1 47.50
04 Pivot Pin 2 6C.0C
05 Cotter Pin 6 3.GC
06 P. 2 Cap i 54G.C0
7 Pump Boay i 560.00
C3 Hand e 1 ¢t ...00
09 Hand:e Fulcrum i 100,20
10 Bolt Hex. 4 N
L. Nut Hex. 4 3.uu
12 Lock Washner 4 2.00
13 Plunger Assembly 1 .80.00

{double cup)

14 Pump Cylinder i 175,33
.5 Pump Stand (base) 1 560.00
i6 S".¢«.ag Block 2 50.G3
17 . achine Screw (brass) 2 7.00
18 Steel Bushing (short) 6 90 20
19 Steel Bushing (long) 3 £5.C5
20 Pivot Pin 1 25.355
21 Leather Cup 2 50. 00
¢? Va.ve Fiapper 1 7.50
23 Va.ve Seat 1 7.50
24 Flapper Valve Weight 1 15 00
25 Flapper Bolt Vaive 1 2.CC

*Tot. . price for cuantity “1sted
Approximate exchange rate: Rupees 18 = US$1.00
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FUTURE APPLICATIONS OF THE AID PUMP IN SRI LANKA

Tie very positive results generated by the AID hand pump progras
Sri Lanka are evidenced by widespread interest from both the private ..
vuDi1C sectors. For instance, an order for 380 AID pumps has aiready vz=c
taced by tne Ministry of Plan Implementation for ..e Integr led ..-&
o2 z.opment (IRD) Projects 1n the three d: tricts of Kurune :.a, ..atale o .
ruttalam. In addition, IRD Projects at Bauuila, duwara Eliya, Ga. .e, Ka. -,
an, Kegai.e will incluae approximately 600 welis. A1l of these s.tes wi ]
utiiize the AID hand pump.

A supstantial nuroer of community wells are also planned un..r rurai
water supply projects financed by bilateral donors 1an 1982. Approy . ate
£Co we.ls are included in the Matale and Polonnaruwa Districts w.er t
-..NIDA rural water supply and sanitation project. A Finnish proj.ct, u .0

~.zted tc commence .. 1982 for the Harispattuwa electorate, 1.0 ...l i
500 to 400 welis. Both of tnese bilateral donors have been informed of tne
AID pump and its endorsement by the MLGHC.

Well programs are being implemented in Sri cLanka by tre M. .1,
inistry, UMICEF, other voluntary organizations and numerous ‘ocal anc
regional community groups. As a result, Mr. Harold Fernando, Senior
Ass.3.unl to tne Sécretary of the MLGEC, has estimatec < .. there are 20,060
G2l We. 1S now anc an annu : need for 2000 hand pumps unt.i 1984 w e t o

et i expected to increase to 3000 and then to 4000 ~.iwa. .. from iyth
vnwards u i1 a total of some 40,000 pumps have been instalied.

Basea on the present price of the AIC ...ad pump (approx nateiy L.S.
$.50) compared to the cost of its nearest comparable ccmpetitor (the Inc a
v IT at U.S. $350), the benefits in direct savings and reduced foreign
spending are readily apparent. Coupled wit. che incentives of the expected
market demana, it is not difficult to envision the opportunities available
=o potential manufacturers. In fact, a number of private concerns nave
e yressed a serious interest in producing the AID hand pump in Sri Lanka
altnough no assessment of their manufacturing capabiiities has been made by

Georgia Tech staff.



Tportantly, the AID hand pump program has permitted the Governme' :
~7 Srt Lanka to implement its decade plan for rura® water through a rapid
iract approach that allows present installation of hand pumps while pre-
~ar . for longer term design and construction of piped water supply systems
"~ 1~~~ densely populated areas.
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Appendix A
MANUFACTURING
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Figure 6. Pump Patterns

The first step in the manufacturing process is pattern r akin’ Scaled
drawings are used to make wooden patterns from which aluminum patterns (above
photo) are prepared for durability. The cap and handle patterns are more difficult
to fabricate because of their complex shapes. A seconc pattern, which is called the
core, is made to fit the cavity of the pump. Since the core is surrounded by hot

metal during forming, it must be made of a special sand with a high silica content.

4]~
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Figure 7. Mold Preparation

The next, and a most important step, is preparing the molds. If this is not
done correctly, a defective casting may be produced. Thus, a top quality sand,
especially adapted for foundries, must be used. The molds are prepared by hand in a
wooden br. laid on a plank. The molding sand is then placed around the pattern and

tamped until firm.

Fach mold is prepared in two halves with double pins (except the cap mold
which is in three pieces), and the halves are carefully aligned to form the complete
cavity. A pour hole is made by putting a round tapered stick through the cavity and
inserting a paper pour cup. If a core is being used, i1 is put in the mold before the

halves are joined.
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Figure 10. Cast Parts From Mold

After the metal has cooled and solidified, the mold  broken apart to remove

the castings. The cores and molding sand are then shak _n from the castings.

FAGES 43 and 4y

are MISSING
U5,



Figure 11. Machining the Pump Cap

The casting is prepared for machining by removing excess pieces of metal and
sand, then metal protrusions are ground off and flat surfaces planed. The parts are
then bored, drilled and threaded using lathes and drill presses. Jigs are used to
ensure interchangeability of parts such as the pump cap, body and base. The pump is
then assembled, painted with a primer and overcoat, and tested over a 55-gallon

drum of water.
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Figure 12. Testing of Pump in Foundry
Before any pumps are released from the manufacturer, they must be tested

over a 55-gallon drum of water for certification that all parts easily move together

and that the piston assembly and foot valve are properly functioning.
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Appendix B
AID HAND PUMP SHOP DRAWINGS
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Figure 13. (y-ical U’ provet ‘2 in s \ a

Open dug wells are not very sanitary due to the ¢ ottt [ *7 of zut and deo s

falling into the well. The wtlis are . vu .ral ¢« nitanunation by the inflc v
of sullage water ot frc ~ d. 7/ buckets sed to d aw t .. wa. .-~ us, a full cover,
proper lining, ard a hand p»  is a des” able ¢ z-¢ 'ment to h' ' radu. 2 the risk of

such contamina~+-.

N



Figure 14, Construction of Formwork

The first step in Sri Lankan well construction was to remove anv loose ! .Ck
and plaster from the inside of the well. Following this, the well waz ¢ an=d with
the aid of a motorized pump, deepened if necessary, and ralined with , cw rlaster as
deeply as pcasitie. The headwalls were, in general, rem~ved in crde that the
concrete base would be supported by the ground instead of the well lin .= Thre slab
formwork was then designed and constructed for ease of remova! following

construction.
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Figure 15. Steel Reinforcing

The area around the well was prepared for the cover slab with an apron
extending at least five feet from the outer edge of tI . well., A form for the
manhole was constructed and 3/8-inch steel reinforcing was placed on six-inch

centers. The reinforcing steel extended three feet beyond the edge of the well.
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Figure 16. Concrete Placement

A 1:2:4 mix of concrete was poured over the well and apron area, and given a |
in 30 slope for drainage. A short section of PVC pipe was placed in the concrete to
allow for the pump drop pipe and to prevent sullage water from re-ente.ing the well

from under the pump base.
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Figure 17. Close-up of Purnp o

In order to obtain proper alignment of the anci . -1 <, the ump base was
used as a template when forming the well slab. The | ~~e¢ was locited at a height
that would be comfortable to the users when the ent” ¢ | . v was later installed.

The anchor bolts were then tied into the steel reintir1 7 0 . increased strength,



Figure 18, Pump Pedestal

A wooden form was placed around the pump base to form the pump pedestal.
The pedestal was poured at the same time as the cover slab to ensure a good bond

between the two.




Figure 19. Attaching the Dr¢ . Pipe tv a L

The AID shallow-weli pump was installed £ 7 1.

the well platform opening, atta ching the threaded
and then securing the pump to the well piatform.

pipe was determined by measuring the depth -~ tb

from the well platform, allowing approximately v

the well if it were new, or one foot if it was an

settied.

=BT =

- fell Purmp

/-innch drop pipe into
' . the base of the pump,

!

1 1 71 the required drop

1 with a weight and string
"I ¢ .d at the bottom of
I I _.

.Ul % rere the mud had



. W

Figure 20. Securing the Pump to the Concrete Cover Platform




.gur2 7 Initial Priming of the «mp

Properly maae | ~* . 5 ware ~ " i an edi le oil for at least 12 hours
to preserve the le & . a - . e~ tro 1 f .adry.a and shrui ing (leather shrinks
as it dries). Ho e- - _ - < renotd pet 1 of st a e shrinkage could occur as

the oil evaporate . ‘hicn cac. the zhallove cell puap would have to be primed
initially to get suf -+ “uction to «1 ng wa * tre drop pipe. The pumps are

self priming when v . - tin.



Figut~ Lowering the Cap onto the Pump




Figure 23. Site Drainage

In order to provide proper drainage, a raised curb was formed on the edge of
the apron and a drainage channel provided. Followirg curing otf the concrete for two
weeks, the pumps were installed and the well disinfected. A manhole provided
access to the well for pump maintenance and well repair, but was sealed off to

prevent inflow of contaminated water.

9]-



e AlD deed-we'' r > requirec considerably r-ove --a-power for *a''~* -n

*"ian the shal'ow-well model. The following steps were necessary:

1.

T .terrrine the length of required drop pipe by measuring the der*- of
*he we'!. from the well platform, allowing for the length of the cy’ cor
v hich must be connected to the drop p.pe and approx mately two fee* at

the bottom for a new we!! or one foot for an older well.

Attach a full length of plunger rod to the plunger assembly inside .-e
cylinder a "4 replace the cylinder cap; then attach a " length of dr~»

~ =~ 1o *he cylincer.

Alternate the attaching of full-length plunger rod anc drop n.mz u-*"' e

required length of drop pipe is secured.

Shove plunger rod entirely up through pump body, adding add't' ~e

plunger rod if necessary, and attach the drop pipe to - 2 pump stand.

With the plunger assembly resting at the bottom of the cylinder, the top
threads of the plunger rod should approach bu not be exposed above *--
pump cap hole. This ensures that the stroke of the piston assembly is
synchronized with the travel of the sliding block and prevents damage to
the cylinder and/or the piston assembly. If the rc_ is exposed above th»
pump cap hole, the rod should be cut to this length and rethreaded.

Comr’ete the installation by attaching the pump cap and securne { e

pump stand to the we'' nlatform.

(]



Appendix D
MAINTENANCZ TRAINING/INFRASTI JCTURE
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Figure 24. Assembly of PVC Drop Pipe

In order for any hand pump program to be successful, an organized mainte-
nance program must be implemented. The Minic*ry of ..ccal _o. >rn nent, Housing
and Construction (MLGHC) has been responsible for the iJ! 11D/Sri s.anka hand pump
maintenance program, with the majority of the wc | being a: ' ned to its district
offices of the Assistant Commissioner for Local Government (ACL73).  In each
district, the ACLG first contacted the Community Center \~7) in each area were
preselected wells were located, and the CC, in turn, appointeu a villager living near
the well to assume responsibility for the daily maintenance and repairs of the
purmps. Georgia Tech project personnel then involved thezse village caretakers in a
maintenance training session which coincided with the actua! zand pump installa-
tion. Thus, the village caretaker was the person in the infrastructure in direct daily

contact with the pumps, making his duties extremely important.

L I



Figi. 2 -7 Attachu » Drop 'ipe t  ~-U ap pase

More specifically, at the .ime of th_ pump in: allatic  a trairning manual was
given to the caretak .. and the woriiig arts of the pump e »lained (using the pumps
being installed, along +‘.ith drawings in the manual ' ~Ammon  maintenance
operations such as leather cup re.lace.~ent, flapp.. = ' . replacement, and
lubrication were demc. .tr. "cd o the ca3etaker as *f -~ {first pump was installed
(most sites were designed ¢ ¢ struce=d for installati- 1+ of two pumps). The
caretaker then disc<-embied the sec 4 pump to be ir<ta l:d, and .-assembled and

installed it with the assistance of Georgia Tech persorn.l-



Figure 26. Bolting Pump Body and Base to Well Cover
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Personnel assigned to the ACLG were directly involved with maintenance
training. These Technical Officers were instructed in the installation of
the pumps and were to be called upon by the village caretakers in the event
of serious problems. If additional spare sparts were needed or further

difficulties were encountered, Technical Officers were directed to contact

the MLGHC in Colombo.

Figure 27. Bolting Cap Assembly ontc Pump Body
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responsibilities in . 1 ¢ ‘2 r . tom™ aity . od oL Soi of
the major re. b

- wp ¢ of av.t 2 . n=muos, addresshi s @
[u r*. . ze and maintene e .- . aduality;
t .par <« and .~ lem: -*ation »of sc! n... £ o~ ~ ad
. = . o theeg. .o & es d o _lonal
i MR B -
- w - 1ty tests aru pro..zing tcechr al e Noce
and ~oraal 1 seenette of v oo Lualitrape Lo <L
[STO
4. - LSl ar pection of ¢ ¢ to th.r . oper
Mo ' € ~1. " med by the Co *»~ .y _-.re (ZT 1’
.51, . 2 pment Council (DDC' « b . 1.« , and ac. :.ag the
£2. 2 or DL 4 re  dial ac*ons;
5. Ma.urr 4 - - . 7ements for ma e " iT . aps aid/or
*r ce.oo2rr

Technical Cr 2. < t > Ass'~*ant Commissi..  for Local G- 2rnment
(ACLG). Techr Offu .. . AC".G will he - overall responsiLuity for
maintenance «f communit /¢ - v h hand pumr >~ zh dirtric of Sri ianka.

They will be trained in ~ . act. !

water quality analysis, as . 1 as,

responsibilities, ' -~ ~r, ' Lz fc

the provision of assits’¢. :to

.-

' DL C sub-ottic.

«« n° nance of ha d pumps and in techn: jues of
ided with -1y recec 1y manuals. Their xime
vision of .aaintenanr . . -k and

- prop=. i, v

when major maintenance
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work is required. Thus, arrangements can be made to have spare hand pumps
availabic from the ACLG for installation in the event major breakdowns occur.
Similarly, when water quality is judged unsuitabje and a pcuudlion source must be
eiiminated, these Technicai Officers will be involved in corrective fc. ow-up. These
officers wiu aiso mainta.. proper records for each community we.. in the AC.G's
o.rice. In matters concerning commun.ty welis in the districts, the ACLG w.il

maintain liaison with NWSDB.

Technica: Officers oi the District Development Counct: {DDC). The Techn.cal

Officers of the sub-ofi:ces of the DDC also w.. oe trained in the mcaintenance of
community wells and hand pumps, and may maintain a certain inventory of spare
parts. Tnese Technical Oifficers, too, wiii be provided with maintenance manuals
and wili assume responsibility for certain repairs to pumps which are not handied by

village caretakers.

These Technicai Officers also wiii have certain responsibilities with respect
to water quality analyses performed by the National Water Supply and Orainage
Board. Collection of water samples for testing, follow-up action where water is
found to be unsafe for drinking, and maintenance of proper records wii. be functions
o: the Technica. Otficers on behalf of the DDC. However, some of these functions,

such as water quaiity control, mignt also be done through the CC.

The Community Centre (CC). The day-to-day responsibility for the mainte-

nance and security of the cc munity weil wiu iie with the CC, a voluntary
co..munity organization which is directly responsib.e to t.e District Development
Councii. A Community Centre w 1 name one of its members {greferably one living
@1 close proximity to the we.., as a voluntary caretaker. The caretakers wiil be
traiied in the maintenance of *ne pump and w.l be proviged with a maintenance
manual. The caretaker wi.. attend to routine maintenance and perhaps ceriain
defined minor repairs. The Community Centre may make arrangements to C0O...Ct
suitable subscriptions from users of the well to defray smai: expenses incurred in

maintenance. Certain spare parts could also be kept with the Community Centre.
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e CC also should have health volunteers among its members who wi’
~~ form health extension work in the community concerned. Such wcr': w'™ cover
va ous asnpects of comm unity health, especially those related to uvse of safe dri- (-
~va® o and saritary le*-2s. For this purpose the ACLG wil! make arrang- ~e~*s

- district her *h officials to provide necessary trair’ig to henlth volunteers of
~ CC.

-:02-



Appendix E
MAINTENANCE MANUAL
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The following manua: was used throughout the project ior training caretakers
and technicians in pump maintenance and repair. The maintenance structure
summary was established by representatives of USAID, MLG..C, NWSDB, and
Georgia Tech. Several errors and omissions in the manual have been brougnt to the
attention of the contractor since the conclusion of the project. However, it was
determined that the presentation of the original manual in this report would be of

more vaiue than the revised versjon.
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US ATD LAND PUMP - MAL ITENANCE MANUAL

TABLE OF CONTENTS PAGE
Maintenance of Handpump Under the USAID Pro,.ct i1-4
Lubrication 5
Symptoms of Pump Wear and Remedies 6
Cup Replacement 7-9
Pin Replacement 10 - 11
Foot Valve Replacement 12
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SYMPTOMS OF PUMP WEAR AND K. DIES:

(A) The pump must be pumpea .evera. times in t: morn_ng before water
comes out.
Cause: The foot val e :: excesgively worn or dirt i, ai cwing
water to it _.. past.
Remedy:Examine foot valve. Clean or replace as necessary.
Note: 1If thi, siv© ivion is severe, che pump w. .y require
repriming daily. As soon as .ae prob. 2 is corvect.. the
well should t. re disinfected by the appror..ate pec_ i:.
(B) The amount of waier ' .nped per stroke is significantly iessthan
when the pump was new.
Causes: (i) Tze lunger cups are worn ana iezxing.
(ii) The foot valve is excessively wor. or diity.
(i1i) Dirt and debris are blocking the ‘rop pipe.
Remedy: (i) Examine the plunger cups for excessive wear or a tear.
Replace as necessary.
(1i) Examine the foot valve. Clean or replace as necessary.
(111} Puil tlc drop pine from _r. weli. I ..2re is a
Cuwdk vauve on th- 1c o ad of th: p pe,c.eck for
dirt and debris. Otherwise, examine the drop pipe
for dirt and debris, particulariy where the l-op pipe
joins the pump body. Remove the dirt and debris.
(C) No water can e pumped.
Cun.2: i) Toot valve 1. broken or is stuc' in an open positiom.
(ir) Plunger cage ., broken or is unscrewed from piunger rod.
Rerzdy: (i) Exam.ne foot valve. If broken,rep..:e. If stuck
clean or remove the blockage. If the valve still sticks,
replace it,
(.. If ti . - lun_ =~ cage 1.0 unscrew.. ivom ti.= plunger rod

or if che plunger cage .. osro..l, its v :ajnt will not

be felt while pumpiag. Shoulid the p.unger cage be
unscrewed from the rod, rescrew it taking care that the rod
doesn't protrude into the cage. Tighten cae lock aut
securely. If the plunger cage is brol. 1, replace the
plunger cage.
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——~— Pump Body y

Pedestal

Pump Base
Viewed from above

Screws ——-8J]

Retaine-

Threaded
Holes

Pump Basge

Unscrew the pump body from the
pump base. If a large pipe wrench
I8 unavailable, the handle may be
used as a lever.

Replace the old footvalve flapper.
Wipe any oil or dirt off of the
valve seat. Reass .ble as shown. ]
The reass-~nbled valv: should be
centered as shown when viewed from
above.
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Appendix F
CIiSIR LAB TESTING RESULT
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TEST PROCEDURE - LIFE CYCLE TEST

THREE YEAR SIMULATION

I) Test Setup
A) Initial Setup
1) Fill in the identifying information on the record sheet
for the components of each pump. The type of footvalve
and cups for each pump are to remain the same throughout

the test period.

2) Install the footvalves in the pump bases, bolt the bases
to the test stand and attach the PVC drop pipe.

3) F.i. the water drums. Maintain the water level during the
testing so that the drop pipe will always be submerged.

B) Footvalve Leak Test
1) Fill the drop pipe with water.
2) Unscrew the pump body from the 3" pipe sectiom.
3) Fiil the pipe section with water.

4) After one hour, measure the fall in the water level in
the pipe.

5) Record the leak flow rate on the record sheet.
C) Zero the stroke counter.
II} Running The Test
A) General

1) Assemble pump, checking all joints and screwed fittings
for tightness.

2) Secure the pump to the test stand and driver arm.
3) Check all couplings and joints on the test stand for tigh:iness.
4) Start the test stand motor.

5) Ascertain that all is working properly with no unusual
noises or vibrations.

NR -123-



* 7 9

wworication Schedrle

Grease all wear points as per the lubrication schedule for
ezch pump:

pmps 1 & 2 - every 2 x 105 strokes (monthly tvoHr ool !

pump 3 - every 5 x 104 §trokes (weekly lvhvicatior)

pump 4 - every 1.2 x 102 gtrokes /" i-yearly ludb~ -arf¢
Lubricate the test stand joints ¢ ily.

Pump Flow Rate
1Y Measure the pump flow rate every 8 hours of operation,

< Record rte fiow rate and approximate number of s +rolkes

~. the time of measur: » »f,
3; TRenlar —--: of leather cups
T v 212”7 "t cu”~ are to be replaced when h: flow v *r.

drops to % oI it= initial value.
a) Record the number of strokes.
b) R »>lace the cups with ones of exactly the < me

¢) Measure the wear on the PVC liner wery time 2 ¢-
set is replaced.

Footv_lve Leak Tect During Operation

1) The footvalve leak test of Section I.B meids to be condrr

at least four tir °s over the life of ths valva, In:+ T

the interval between lezk tests is to ke & :: 17D ~ey )l
but may be altered ¢ jrending on the 1ife of the > . |

2) Replacement of footvalves
If the footvalve allows all the water to leak out of t™
pipe section in less than an hour, the valve chould be
cleaned and the test repeated. If the valve cannot be
made to hold water for 1 hour, it is to be re lacec with
arother vaive of the same type.

Note: During all footvalve leak tests, the joint between the
pipe section and base should bt ratertight. If I - “r

not so the test results will be inaccurate.

3) Measure and record the valve seat height at 4 locations
around the seat and 90° to each other.

4) Record zny signs of unusual wear on the valve or valve
seat.
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E)

G)

* 3 %

One Mili:on Stroke Tests

1)

2)

3

Measure ond record the mean, maximum, and minimum diameters
of the following upon the completion of every 1 x 100 strokes:

a; cap/fulerum pin - 3 locations

b) fulerum/handle pin - 3 locations

c¢) handle/rod pin - 5 locations

d) cap/fulcrum bushings - 3 locations

e) fulcrum/handle bushings - 3 locations
f) handle/rod bushings - 3 locations

Measure and record the width of the slider blocks from
centerline to edge of both slider blocks and each pump.

Measure and record the width of both slider block tracks
on each pump at 2" intervals.

Note: Take care to reposition contacting parts in t.: same

position relative to one another as before disassembly
for measurement.

Component Failure

1)
2)
3)

4)

5)

6)

7)
8)
9)

10)

Stop the test stand motor.

Record the number of strokes from the stroke counter.
Remove the failed component.

Record:

a) Wnich component failed.

b) Physical dimensions of faiied component.

¢) Probable mode of failure.

Replace the falled component with another of exactly the
same type.

If the failed component was the footvalve, repeat the leak
test and record the leak flow rate.

Reassemble pump. Fasten to test stand.

Measure pump flow rate if failed component was a cup.
Continue with the testing.

Repeat this procedure whenever any component fails during the

test period of 8 x 108 strokes.
-125-
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Test Continuation
Tontinue with t} » test repeating the above tests a%t = -
prescribed intervals until 8 x 106 strokes are comp'. :

;
~

3

Test Reporting

A) Status Reports
Brief status reports on the status of testing are to he
submitted to Georgla Tech on a monthly basis.

B) Final Report
At the conclusion of testing, a final report will be gnbmitr.
to Georgia Tech covering all phases of the test. Inc’—“ad .
bz %Zest setup test methods, and test resu . v'th cyoranric-
tahles and gr »>hs.
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0. NTRODUCTION

At the request of USAID, Sri Lanka, a testing program on

Hand Puii' s was initiated at the Ceylon Institute of Scient: 1
and Industrial Researcn {CISIR). These pumps are meaufac' 1-:¢
in Sri Lanka by Messrs. Somasiri Huller Manufactory at

"8, Parakrama Avenue, Kohuwela, Nugegoda.

> testing procedure laid down by Georgia Techrical “esear:n

“nstitute (GTRI), was adopted to study the

o

performance

* wear and tear

* necessary alterations and modifications
and * operating problems

of the hand pump.

™18 repors gives the results of a three-month monitoring

: is the intention of this interim report to inform the
reader - technical as well as non-technical? - with facts <nd

figures about the tests carried out at this Institute.

i pe CHOICE OF HAND PUMP FOR RURAL WATER SUPPLY

The selection of a Hand Pump for Rural Water Supply purposes

has to match the conditions in the rural areas. A reciprocating



type of Hand Pump was evolved A% the best solution for

this purpose.

1.1 Principle of Operation

A reciprocating pump consists of a piston which has a
reciprocating motion in a closely fitting cylinder. The
uPward movement of the piston (suction stroke) forms a
partial vacuum in the cylinder and the atmospheric pressure
forces the liquid in the sump into the cylinder. The
suction and the discharge of the liquid is controlled by

an inlet valve and an outdet valve.

The theoretical suction head is limited to 10.3m of water
if the atmospheric pressure acting on the sump is 1.03 kgf/cm”

In practice, due to the separation of vapours, the suction

head is limited to 7.70 meter (for water).

The performance of this pump is given in the form of

coefficient of discharge. The ratio of the actual discharge

Qato the theoretical discharge Q is called the

Coefficient discharge C, = -—---

=3y~



"neo~vetical discharge Q = }t’A. 1. n

%? = density of water

A = Area of the piston

1 = The strgke

n = number of strokecs per seccnd
Qa = Actual discharge

The velumetric performance of the pump is given by

; volume swept - volume disc’ arge
vercdiifage slip i H-——- L F=memamm- -~ -~ —— Etiaiadeds

volume swe~ :

1.2 Manufacture of Hand Pump in Sri Lanka

The Hand Pumps tested are being manufactured in Sri Lanka by
Messrs. Somasiri Huller Manufactory, according to specif.:ations
provided by the Georgia Technical Research Institute (CTT !

oS USA.

Tec~nical Data

Type . Hand-Operated single
Reciproceting nump

Height above ground level : (42" 1066.8 nn

Weight : kg
Bore : (3™ 76.2 mm
Stroke : (6") 152.4 mm
Coefficient of discharge 0.63
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2.  TESTING AND EVALUATION

2.1 Test Stand

Two pumps were fitted on the Test Stand. This Test Stand
was mounted on an elevated platform so as to maintain a
suction head of 19 feet (5791 mm). Both pumps were
driven by a 0.5 HP Electric Motor. A stroke-counter was
fitted on to the pulley, which was rigidly connected to

the pump handle, thus eliminating any false readings due

to slip in the transmission. The pumping rate was 40 - 48
strokes per minute. The variation of the stroke was mainly

due to the slip of the driving belts.

2.3 Test Procedure

The total period of testing for this interim report was

four (4) months (July - August, 1981). The actual operation
period was three (3) months and one (1) month was the total
time involved for periodical wear measurements. This testing
period simulates 3 years of actual operation for 200 users

at a consumption rate of 6 gallons (22.7 litres) of water per
day. During this period the pumps have done 4.106 strokes

each. The test bench was under 24-hour supervision.

The flow-rate was measured with the help of a stop watch and

a calibrated vessel. The other moving parts were taken out
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1d e am:red periodically and wherever necessary they were

ran_aced.

1

5
"y.2 after every 2.107.
7 Evailvation of Tes*

r

sz=n *n figure 1. Table
to operation times and flow rates of the pumps. Tee T2i uw

w4 the adopted remedial

3. CONCLUDI''G REMARKS

- mp No. 1l was lubricated after every 4.104 strokes «nd ?mn

function of the .monitoring pe .od 13

1 gives details with reference

D
w

measures are given in Table 2.

e brass foot valves supplied with the pump failed --~ing

e test, The valve se.

“s and weights were modifiecd.

T, . original rubber flapperwerereplaced with flappers

. eloped at the CISTR out of natura’ rubber with 2 hari  ~ess

~" 60+ 3° (shore A). The formulatior of this rubber compound

is as follows
Components

Rubber

Zn0

Stearic acid

SRF (carbon black)
Whiting

Antioxident (IPPI)

Parts by wt.
100

5

1

50
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Santocure MOR

2
TMTD 0.
0

v o

Sulphur

The original rubber flappers were 3 mm thick but these were
found to fail in service. They were replaced with flappers

of 5 mm thickness.

A rubber flapper of thickness 0.16" with a metal disc of
diameter 1 7/8" and maximum weight 115 gms. (Total weight
of the moving parts) was used in the pump No. 2, while a
rubber flapper of a different type (canvas reianforced)
having a thickness of 0.20" and similar weight, as used in

pump No.2,was fitted to the Pump No. 1.

It was observed that after three (3) applications of
lubricant (grease) [every 5 x 104 strokes 1n the case of

Pump l.and every 2 x 105 strokes in the case of Pump 2] the
guide ways and slide-blocks did not show any need for further
lubrication, since adequate quantities of lubricant were
retainea in those wear surfaces. Proper lubrication of the

pivoted points was, however, not possible.

The water used for the test had a pH of 6.5 and a conductivity

of 100 dionic units.

The final report on this test program 1s scheduled for

release at the end of 8.106 strokes.
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. Ty 1S AND TAD L ES

TABLE 1

Operation Times & Flow Rates

of the Pump
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TABLE 2

Failures and Remedies during Test Period

No. of strokes

Failure

Remedy

1-:

206,700

400,000

1,000,000

2,000,000

2,417,700

2,888, 600

3,000,000

3,151,200

Rubber flapper of the foot
valve of pump No. 1 failed.
(thickness of the

flapper = 0.13")

The plunger rod of the
pumps started rubbing
against its passage
through the pump cap.

The lower leather cup of
the plunger of pump No.2
teared (observed after
dismantling for measure-
ments).

Bushings and the pins at the

pivoted point between the
pump  .handles and the
fulcrums of both pumps were
seriously worn out.

Plunger rod of pump No. 1
was fractured at the lower
end. (Stress concentration
due to the swinging action
of the plunger rod.

Plunger rod @f pump No. 2
failed at the lower end.

Excessive tightness of the
plunger. ( Eccentricity
between the periphery and

After 300,000 strokes the foot
valve of pump No. 1 and 2 were
modified with

* Valve seats having round edges
*# Rubber flappers of bet:ier qual.ty

* Weights of larger diameter
equal to the external dirameter
of valve seats.

This action was avoided by
increasing the diameter of the
passage by boring at two stages

* after 1,000,000 strokes

* after 3,000,000 strokes

Replaced with a similarcup.

Testing was continued by replacimg
the damaged rod with a new plunger
rod.

Failed rod was replaced with a new
rod and fixed to the plunger without
leaving a gap of reduced diameter
above the checknut.

Cups were replaced.

the bore of the leather cups.)

Plunger rod of pump No. 1
failed at the lower end.

Modified plunger rod was directly
screwed to the plunger without
checknut.
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Final Report

The final report from CISIR has not been received as of this printing. The
final report will be made available for distribution when it has been received by

Georgia Tech.
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WATER QUALITY
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Castaical Test Parameters

The sanitary significance of each of the chemical test parameters can be

oriefly summarized as follows:

Cn_oride. Chudyr.ce occurs .n ail natural waters in varying concentrations and can be
Jsed as a measu-e of saiinity. A brackish taste can resu.t irom concentrations
anginz ivom 10GC to 250 parts per million (PPM). Aiso, a hig.1 concentrat.or: may . .
an .narcator of possik.c pollution from sewage sources. A wgn chioricz conten: &.so

exe-ts a deleterious eifect on metu..ic pipes and structures.

Color. Co.or 1s generally attributed to dissolutions of organc materic.; ana .. aot
direct., tiec to patnogens or toxic substances. Although noticeablz above 5 unitc

0.y co or above 15 units is usually aesthetically unacceptable.

Tu.o21d.ty. Turbiulty is also a measure of aesthetic, rather than sanitary acceptabii-
.ty. In grounda waters, however, a high turbidity level may indicate inadequat:z
protection from surface wash and possible bacteria: contamination. Sparkiing clear
water implies a turbidity of less than one unit, while waters naving up to 25 «1its of

turbidity may be acceptable, depending on the consumers.

Hardness. Hardness is often described as the ability of water to precipitate soap. It
is a measure of the concentrations of caicium ana magnesium ions present. In
general, water softer than 50 PPM (CaCOB) is aggressive and waters in excess of 80
PPM tend to waste soaps. Excessive hardness (above 150 PPM CaCOB) contributes

to the deterioration of fabrics and can affect the growth of coliform bacteria.

r..&..nit . A.<alinity .. described as the ability of water to neutralize acids. .t has
. tue san.tary significance; however, concentrations in excess of 500 PPM may

cz use co ‘rosion oi iron pipe. Highly alkaiine waters are aiso . Ja. itable.

.*01. Iron is present in most grounawaters. It nas .ittle nea.th significarce, buu ur
concentrations greater than 0.3 PPMA. it can .mpart a brownisn co.or to .aundry. :
e..cess of 1.0 PPM it can cause an unpleasant taste and a b. uish-black color in coffee

and tea.

Manganese. Manganese also tends to stain laundry and plumbing uixtures. In
concentrations of greater than 0.5 PPM, it can give water an aesthetica.ly
unacceptable turbidity, and turn tea black. It has little i1 any health signiticance,

but in concentrations greater than 1.0 PPM can give a metallic taste to water.
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D Fate. Sulfate in excess of 250 PPM has laxative effects on 'umans ar ¢ ‘mals.
7+ res can be organically reduced to produce hydrogen s.' .’z gas vi¢“~ s
assoc.“*ed odor and corrosion problems. Hydrogen sulfide gas is extremely
p~ sonous and can also be explosive. Combined with chloride and alki’inity da.a,

.+ "ate gives a measure of corrosive potential:

(CL™ 4 5042') (mg/1)
Corrosion Ratio =

Alkalinity as CaCO, (mg/l)
Waters with a corrosion ratio => 0.1 are aggressive.

v e, Mtrate concentrations in excess of 45 PPM can cause m:themc3'cd’ 27373

> babies") when *“z2y are converted to nitrites "1 baby diets. Natural we+2r-
ra'y conta’~ nitrate; concentrations greater than 1.0 PPM ray indice*:

¢ Zfro~ fer '‘zers or organic matter.

"' .. N'trite, an intermediate oxidation stage of nitrogen, is produced durir> *-e
ra ra! conversion of ammonia to nitrate. Even in sewage treatment effluents, it

- ¢~ arnears in concentrations of 1.0 PPM because i* ‘s raoidly oxidized to th=e

n+epta form, Tts concentration in natural waters rarely exceeds 0.1 P 2M.

. =mjca! Test Results

The chemca' test results by well and by regional average are presented in

~

.2 shrough 10 and Figures 29 through 31, respectively.
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Table 6
CHEMICAL TEST RESULTS -~ KALUTARA
SITE OR DATE OF ALKALINITY HARDNESS COLOR TURBIDITY IRON MANGANE SE CHLORIDE SULFATE NITRITE NITRATE pH
VILLAGE TEST
NAME MO.D.YR mg/1 mg/1 Units Units mg/1 mg/1 mg/1 mg/1l mg/1 mg/1 Units
W.H.O.
STANDARDS 500 200 50 25 1.0 0.5 600 400 0.10 45 6.5-9.2
Ukwatta 1/27/81 - 115 0 0 0.10  0.60 70 60 0.015 8.9 5.4
4/3/81 25 125 20 8 0.07 0.30 16 0 0.003 4.5 6.5
4/18/81 50 65 10 5 0.05 0.40 10 5 0.002 6.5 6.2
Vettawa E. 1/30/81 - 17 0 0 0.02 0.40 11 1.0 0.005 1.4 4.9
_ 4/3/81 24 . 36 0 0 0.21 0.20 3.0 0.008 3.5 7.1
7/18/8) 200 39 0 0 0.05 0.25 - 1.0 0.006 2.0 6.2
Vettawa W. 1/17/81 - 28 25 10 0.05 0.90 12 0.021 0.7 5.0
4/3/81 68 74 30 5 0.15 0.20 17 3 0.008 25 5.9
7/18/81 110 35 45 8 0.05 0.30 - 3.5 0.010 3.2 6.0 B
Bollesagama 2/3/81 - - 0 0 0.05 0.20 12 - - - 4.6
3/31/81 64 100 0 0 0.04 0.40 4.0 0.004 5.5 6.7 .
7/18/81 30 39 35 5 0.08 0.10 ~ 3.2 0.005 6.3 5.0
Adhikarigoda 2/3/81 - L 11 0 0.06 0.40 13 6.5 0.007 6.6 4.7 B
o 4/3/81 20 28 10 2 0.11 0.00 15 - 0.006 5.9 6.5
7/18/81 10 Is 5 1 0.05 0.0 - 3% 0.005 2.4 5.4
Serupita 2/3/81 - 77 0 0 0.05 0.25 5 23. 0.003 1.0 6.2
4/3/81 64 80 45 5 0.13 .20 6 5.0 0.003 2.9 6.8
T 7/18/81 60 70 25 4 0.05  ©0.20 - 3.5 0.004 2.4 6.2
Liyanagoda 4/3/81 25 70 0 0 0.04 0.40 14.0 8.0 0.003 3.5 6.2
7/18/81 20 63 4 1 0.07 0.33 - 7.7 0.003 3.7 6.2
Koodapaligoda 4/3/81 3 0 62 0 0 0.08  0.20 13.0 5.0 0.003 3.3 6.2
7/18/81 66 62 Q Q 0.09 0.20 - 5.2 0.003 3.3 6.2




CHEMICAL TEST RESULTS ~-- HAMBANTOTA

Table 7

SITE OR DATE OF ALKALINITY  HARDNESS  COLOR  TURBIDITY  IRON  MANGANESE  CHLORIDE SULFATE NITRITE NITRATE pH
VILLAGE TEST
NAME MO.D.YR mg/1 mg/1 Units Units mg/1 ag/l wg/l wg/ 1 mg/1 mg/1 Units
- - W.H.O. o
STANDARDS 500 200 50 25 1.0 0.5 600 400 0.10 45 6.5-9.2
Ethgalmulla 2/21/81 484 114 25 10 0.02 0.15 4.4 7.3 0.003 1.1 7.6
- 7/21/81 284 144 40 i 0.15 0.40 - 2] 0.005 36.0 7.0
Ralua 2/11/81 - 22 0 0 0.05 0.30 29 60 0.001 9.0 7.2
~ 7/21/81 266 190 0 0 0.05 0.30 - 65 0.008 14.2 5.4
Panburawa 2/21/81 146 128 55 50 . 0.03 0.25 34 16 0.006 0.7 6.6
) 7/21/81 148 144 40 6 0.11 0.45 - 10 0.010 29.0 6.2
|
. Oluara 2/11/81 - 43 30 3 0.03 0.40 21 0 0.002 0.9 6.2
I 7/21/81 62 510 0 0 0.05 0.50 B - 5 0.010 48.0 5.5
Namaneliya 2/11/81 30 0 0 0.10 0.40 33 2 0.000 1.1 5.8
7/21/81 37 50 0 0 0.05 0.20 - 3 0.005 44.0 6.7
Karametiya 2/11/81 - 325 110 35 0.35 0.25 163 _11.0 0.003 6.3 6.8
B 7/22/81 180 225 100 30 0.00 0.20 - 15,0 0.010 32.0 6.2
Labuhengoda 2/21/81 154 162 20 0.04 0.00 36 6 0.006 1.1 6.5
7/22/81 136 143 50 15 0.07 0.00 - 7 0.008 16.5 6.4
Welepitiya 2/21/81 262 266 25 0 0.03 0.35 52 10 0.002 0.9 6.5
7/22/81 278 275 0 0 0.08 0.40 - 0.005 42.0 6.4
Julampitiya 2/11/8y - 210 0o 0.02 0.20 65 18 0.002 0.8 1.0
B 7/22/81 183 207 25 10 0.08 0.3 - 8 0.007 39.0 6.6
Andrawewa 6/17/81 466 300 10 0.10 0.25 342 150 0.007 1.5 -
B 7/24/81 1000 370 45 12 0.07 0.20 - 220 0.005 39.0 7
= - - B B B B ¥ [ ] .
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Table 8
CHEMICAL TEST RESULTS -- KANDY

SITE OR DATE OF ALKALINITY HARDNESS COLOR TURBIDITY IRON MANGANESE CHLORIDE SULFATE NITRITE NITRATE pH
VILLAGE TEST
NAME MO.D.YR mg/1 mg/1 Units Units mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 Units
W.H.0. .
STANDARDS 500 200 50 25 1.0 0.5 600 400 0.10 45 6.5-9.2
Kupuliyadde 4/11/81 136 190 0 0 0.05 0.25 8.0 34 0.018 3.9 8.0
Tikiriwell 4/11/81 112 126 0 [¢] 0.05 0.20 11.0 14 0.024 3.4 7.5
Bellwood 4/11/81 10 10 100 30 0.05 0.00 0.0 0 0.006 1.8 7.6
Uda Deltota 4/11/81 0 32 0 0 0.04 0.40 9.0 2 0.008 4.3 6.5




Table 9
CHEMICAL TEST RESULTS —-- AMPARAIL

_%"

SITE OR DATE OF ALKALINITY HARDNESS COLOR TURBIDITY IRON MANGANESE CHLORIDE SULFATE NITRITE NITRATE pH
VILLAGE TEST
NAME MO.D.YR mg/1 mg/1 Units Units mg/1 mg/l mg/1 _ mg/l mg/1 mg/1 Units
W.H.O.

STANDARDS 500 200 50 25 1.0 0.5 600 400 0.1 45 6.5-9.2
Weheregama 4/25/81 60 44 60 18 0.06 0.10 160 2.5 0.009 1.2 -
Vijayapura 4/25/81 212 104 40 10 0.15 0.00 44 20 0.008 1.5 -
Samanthurai 4/25/81 140 140 20 5 0.05 0.00 42 56 0.010 1.8 -
Karativu #1 4/25/81 373 345 20 5 0.12 0.05 180 80 0.006 1.4 -
Karativu #2 @/25/81 60 89 30 10 0.02 0.00 - 18 0.018 1.0 -
Periyamullariva 4/25/81 110 148 15 4 0.09 0.00 250 75 ~0.018 3.0 -
Madawalande 4/25/81 52 42 55 18 0.08 0.00 20 5 0.007 2.0 - -
Kaeselwatta 4/25/81 36 93 0 0 0.04 0.00 46 3 0.032 6.0 -
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Table 10
CHEMICAL TEST RESULTS -— JAFFNA
SITE OR DATE OF ALKALINITY HARDNESS COLOR TURBIDITY IRON MANGANESE CHLORIDE SULFATE NITRITE NITRATE pH
VILLAGE TEST
_ NAME MO.D.YR mg/1 wg/l Units Units mg/1 mg/ 1 mg/1 mg/1 mg/1 mg/l Units
W.H.0. B o
STANDARDS 500 200 50 25 1.0 0.5 R 600 400 0.10 45 6.5-9.2
Manthuvil #1 6/17/81 265 425 25 10 0.05 0.40 810 95 0.059 0.9 - B
7/16/81 240 468 25 10 0.10 0.30 1035 125 0.05 25 7.6 o
Manthuvil #2 6/17/81 270 738 10 5 0.10 0.25 1750 150 ~0.05 1.5 - -
7/16/81 263 690 15 5 0.10 0.35 - 166 0.01 42 7.4
Kaithady 5/9/81 444 100 50 10 0.04 0.20 108 55 0.015 2.4 - &
7/16/81 365 195 45 10 0.05 _ 0.25 - 63 0.010 38 B
Fat ima 5/9/81 180 328 20 9 0.04 0.25 600 120 0.009 2.9 -
Vadukkodai 5/9/81 324 320 30 5 0.05  0.20 408 - 0.005 2.9 -
Kalevadewathai 5/9/81 328 312 15 5 0.08 0.55 300 168 0.009 4.9 -
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“igure 31. Nitrate and Nitrite Regional Averages

‘zai [ ¢ oring

£ s

= s ceveloped, only one well was free of fecal contar 'nation bef = - mp

R L Y

tes were tested for coliforms before the we!lls were rehabi' tated. Of

-

p

Fe'lawing pump 'r allation, each well was shock disi- ~cted and

satagtad, A" er shock disi-“2¢c*ion, non~ of the we''s showed evidence of =c '
v tion.
"2 . .. dsinfection method, described below, does not nrovide a con’'r ¢ |
C e’ Mltoougt *t 2 we'l structure is designed to force 2 7 . arter
1 ar -~~~ *~e <0 layers and re-enter the we¢' only at th= - .ir. .
co~* wad g T2ty ~ 7 the water cannot be fully assured.

Ewp~ , 2nts in Sri Lerka, as we' as in other Georgia Tech tanc —~ -~
ROERY that we!’ recontamination eventuaily does occur. The scirce ~7
W~ err-t oomampeettr ted to one or a combination of the folow’

Je eria' trave! *- ough soil from some exterra' source {27 ra_, 7 "
pcads, other water bodies).

2. T2 nval of manhole cover to gather water with buckets if long acueues

* Wi “2r arise.

Yccontamination during pump repair-~-the pump comnonents may become
con:a.  ated or contaminated water may be introducecd d r_ repair

o"  “~t1ons.
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4. Improper well seal--the base of the pump, the weii casing, and/or u e

apron may be leaking.

It is often impossible to isolate a single source of recontamination. In gene:
however, the most difficu.t source to control is the bacteria trave..ng oo . 1@ Tines.
In an attempt to study the rate oi recontamination, an intensive test.ng ..oOgre .
was organioec to test fifteen welis in Kalutara ana mambaniota. .2 test sites

c osen and their outstanding characteristics are iisted in Tab.e 1i.

These we.l were redisinfected, then tested for coiiforms approximately every
- cer week. If contamination was indicated, the wells were redisuiected an:
¥ worea further. For this purpose, iocal government officers in each dit i werc
insiructed in sampling and disinfection methods. Samples taken by the Technica
Of..cers of the ACLG in the districts wecre delivered immeaiately o the c.iet
ct..mist of the National Water Supply and Drainage Board (NWSZB) in Ratma  a.
...> samples were analyzed for coiiforms using the multipie tube fermentatior,
cont . 2d test method. Results of the intensive testing program are su amarized .o
Tables i2 and 13.

Examination of the data with respect to the characteristics listed in Tacle 11
shows no defin.te correia.ions petween iatrine distance from we.. and rate of
recontamination. Neither can correlations be made wi:h well depth, raised headwa..

vs. grouna .evel structure, or other water bodies.

~ an attempt to establish a regional disinfection schedu.e, the longest a-.
shortes: periods before recontamination after disinfection ior each weli site in the
regio were averaged. In Kalutara, where the soii is mostly sandy clay, the average
v, 3t contemination-free period was 7.5 weeks, and the average shor st per ~.
vwas 6.3 weeks. In Hambantota, with mosti.y ciay and clay san.s ~ .e ave age iongc..
¢ - :.ortec. periods between recontaminations were 4.3 and 3.1 weeks, Jespective.y.

Sois types for each district are summarized at the end of this appendix.

Individual sires under similar conditions yield quite varied resuits, which may
be indicative of external interferences, such as bucket dipping or repair operations.
T .lrefore, based on the data and the test conditions, it wouic pe very aifficu.t to
statistically justify an estimation of a disinfection frequency for each district, or
even each well. nowever, based purely on the averages of data for this test, a
«1s ..iection frequency of three weeks in Hambantota seems reasonable. The trends

snz.. - .1 the Kalutara District defy regional averaging.
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15t Deves

Site Na—e 7/23
Vetit vaF st 0
Vettawa West 23
Koodapalig-da 0
Liyanagoc' 13
Adhikarigoda 0
Ukwatta 0
Bollessegama ”
Serupita 0

Matugama A.G.A. 0

“C¢1-

Test Dates
Site Name

Ralua
Ethgalmulla
Panburawa
Oluara
Namaneliya
Karametiya

I =2¢- ted as Most Probable Num!

Tab =z 1«
LT - AT “ILL,T FC KA. _. VT
FoROLD DX
Disin-
fection
7/30 /6 8/17 &/25 9/. 9/22 10/6 11/2 11/17 Dates
0 0 22 23 0 0 0 0 - 7129, 9/6
0 0 33 278 2 9 7 40 0 7/29,9/6, 11/16
0 0 0 0 0 0 0 1600 0 7/29, 11/16
0 0 0 0 2 0 14 1600 0 7/29,9/20, 11/16
0 0 0 5 2 0 0 23 0 7/29,9/20, 11/16
0 0 0 0 0 0 0 0} 0 7/29
0 0 0 0 - 109 40 0 - 7/29
0 0 0 0 0 0 0 278 0 7/29, 11/16
0 0 5 15 5 11 4 - - 7/29
Table 13
BACTERIOLOGICAL TEST DATA FOR HAMBANTOTA SITES
FOR 1981*
Disin-
fection
7/30 ’/6 8/24 9/7 9/16 10/6 10/21 Dates
0 0 0 8 0 33 0 8/4, 8/14, 9/12, 10/18
13 0 0 - 0 - - 8/4, 8/l4
1600 0 Q 31 0 8 5 &/ 8f14, 9/12, 11/15
0 0 0] 23 0 0 - &/, 8/14, 9/12, 11/15
13 0 0 39 0 5 0 _rd, 8/14, 9/77, 10/1°
1600 0 0 23 0 0 11 84, 9/1°
(F zoliconr m 11tes)




Shock ™

fect on

- 1~diately followirg »1mp insta'lation, each well was shock disinfected with

loc~'» ava able | % bleach'ne powder. The basic procedure was as follows:

I
2

The water volume was determined.
The amount of chlorine needed to produce a 30 PPM solution was
de* = mnined from Table 14.

T+~ ~hlorine was dissolved in a bucket and poured into the well.

" ewu .of he we' were brushed down with the strong solution.

T . m he~dles were *ied down for a neriod ci L . rs *o
Flenre,

Tha wells were 7' checked to assure a ¢! crireres ' be ow 3

"2 und sampled ‘or bacteriologica! recontarm ~ation.

Table 14

ANDUNTS OF CHENMICALS REQUIRED FOR A
-7 XONG C  _ORINE SOLUTION CAPABLE OF

22 "TICTING 4% LS AFTER THEIR CONS' RUC MON
e~~hi-~ owder Water Bleaching Powder 'Yater Bleacl -~ Powder
R ) (25-35%) (g) mZ, 122759, (=
] 1.5 ‘50 30 20100
. 2 200 40 g °Cn
- 2.5 250 o7 -t
. : 300 60 5 QG0
oL 4 400 70 7 000
"0 5 500 &0 8 000
’ 6 600 100 ) 000
8N 7 700 120 12 0C0
70 g 300 150 15000
o 10 1 000 200 2C 000
- 12 1 200 250 27 000
o7 X5 ' 500 300 29 000
N 20 2 000
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- Jona. Joil Types

Kalutara

ruuy terrain - red-ye. ow podzo..c soils with soft or hard laterite - good
12ge, acidic, depieted of colloids anu iron.

¢ Jantota

Ur *l., terra.n - reddish brown earths and solodized solonetz - poor
7. T "e - ...’ terra.n - reddish brown earths anc immature brown .carm - - 5cd&

-

i . < - sang, silt, clcy mix - flat terrain - a.. 4viu. soiis of variable dra.nage &-d
.. ure.

Ka..dy

V. .ntainous terrain - red-yellow podzolic se... and mountain regosois - Zo0:.
« Né _2 - azonal soil, low silica, low content of primary minerais.

Amparai

Fiat terrain - regosols on recent beach and sand dunes -~ azonal sou on

.conso.uated deposits - flat terrain - solodized solonetz and solonchaks - poor
Jdruasagey nighly alkaiine, intrazonai soil.

- -
[

Flat terrain - calcic red-yellow latosols - good drainage, clayey, characterized
low s ca.

“

cer ool Map of Sri Lanka, 1971, Irrigation Department.
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Appendix H

EQU.2. ENT, MATERIALS AND SUPPL £S DONATED
TO GOVERNMENT OF SR. LANKA
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EQUIPMENT, MATERIALS AND SUPPLIES DONATED
TO GOVERNMENT OF SRI LANKA

. . fo.ow.ng equipment, materials and supplies were donated t0 w:rli

. troject term.nation.

PR Lor=2 0 __cer KL,
« I wiisore jacupaior
i ~acn o cect Reading Environmental Laboratory
z ..cine Residuai Kits
I . e. Spring Sca.=
. Two Liter Bo.. ng Fiask and Neck
> Cr.ndrical Fiasks, 500 ML
£ S rt Botties, One Litre
iz 1 .-.. Pipets
- S5mi.. pets
"~ damp e 3ott.es
J0  Futer Zishes with Pads
...... pore Fiiters
Fi:ash-O-1.7ns

=
< -

..o 8 TOr 2actecia Tests (W iupore)

. =7 . v - 200 Grams
- . ..jdvoxide - 500 Grams

~5c 1 ~hosphate - 500 Grams

C'emicals for dach JR-EL i

. 10 Acid ior Siaca 100

- . .ved Oxygen I 100
~ soives Oxy jen .. .00
w1 Oxygen . | 100
L~ 100
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__va~nls far Fach DRAEL | (con ued)

Millows
TTT L Tathy Tisc 140
> ot e 100
T c onprhenal e 160
Tanv . gt Mess) 25
T ar Door 15
I = 7 ri>date for Mn 12
ITC [ Thlort ) 100
- = . Zabazone 25
e ! 25
ver ' LN
o T 50
- .= . €. for M 125
Tt e 5C
ver | . 100
L2 100
z Fer T :00
_ “orer £~ Metals -00
£far nl 2
L2 e 6
.- B ffer 2
- Tee art 1
T mg. 0 Tyande !
“"moryc ‘de, SN 1
_ i resto~ Tilfate Chloroform 1
£ .7 o rdroxide, D 6'N 1

-~ g~ Hardware

Jcrewd Tlers
Pz - Vi-e Trip T iers
a2 '=e-~rhes

= ' = y yith Spare Blades
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10¢ s ar.c hocaware (continued)

J

Open E£nd Wrenches
Ad,ustabie Wrencn

Hand ZPliers
root Pliers

5J Ffoot N easuring Tape
5. Grease
AID Hand Pumps
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