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sumvy  

I I n  October 1979, Georgia I n s t i t u t e  o f  Technology (Ge 

neers were assigned the task o f  determining the f e a s i b i l i t y  

f ac tu r i ng  the A I D  hand pump i n  Sri Lanka. In order t o  measure the 

manufacturing capabil i t ies ,  pro jec t  personnel surveyed wholesale and r e t a i  . 
establishments, foundries, machine shops, and p l as t i c s  manufacturers. Srz 
Lanka was found t o  be an Ideal  country f o r  i n t roduc t ion  o f  the A I D  hana 

I pump. Local manufacturers, i n  general, offered an a t t r a c t l v e  p r i c e  and had 

, * t h e  capab i l i t y  t o  manufacture' a qua l i t y  pump. S r i  Lanka also proved 

espec ia l ly  appropriate f o r  the la rge scale f n s t a l l a t i o n  o f  hand pumps 

, because the dlsperslon o f  the ru ra l  population rendered piped water systems 

economically unfeasible and because o f  the exfstence of a large number of  

open we1 1s t ha t  needed t o  be sealed from external contamination. I n  

March 1980, a f t e r  completing t h i s  p re l  iminary survey and concluding t ha t  

L A contract  HS signed between Georgia tech and Somasiri Hu l le  
Manufactory (SHM) i n  March 1980 f o r  the production of 90 AID hand pump 

(45 shallow-well and 45 deep-well). These 90 purrrps *re manufactured a t  g 

i u n i t  s e l l i n g  p r i c e  o f  $149 and, fo l lowing assembly and before de l i ve ry  ta ' 

preselected s i tes,  each pump was checked i n  the factory f o r  qua1 i ty  o f  manu- 

I fac tu re  and i n d i v i d u a l l y  tested on a drum o f  water t o  conclude the f i r s t  

, phase of the project .  c r l  
The second phase o f  the p ro jec t  dea l t  p r ima r i l y  w i th  

the A I D  hand pumps and involved thePr fns ta l  l a t i o n  a t  selected s i t e s  around - 
I' t he  country (see Figure 1). Thtr ty-nine s i t es  were chosen from a f i e l d  of 

I 
130 which had been I d e n t i f i e d  by Government o f  S r i  Lanka (GSL) officials. 

I Seventy-nine pumps were eventual ly  i n s t a l l e d  a t  the 39 s i tes.  
I 

The manufactured R I D  hand puws were c o n t i ~ o u s ~ y  moni tored and eval- 1 
uated f o r  o v e r a l l  performance, and the resu l t i ng  data fed back t o  the pum,  



:- cturer f o r  y necessary correct Ions and/or lmprovments. Fol  lout  ng 

f ac to r y  correct ions and/or improvements based on data derived f rom both 

f i e l d  and laboratory tes t ing,  further monitoring and eva luat ion  tooft place. 

Other problems, due p r i m a r i l y  t o  improper i ns ta l l a t i on ,  maintenance o r  

r e p a i r  procedures, were addressed with all  leve ls  of the S r i  Lankan 
Bovernment maintenance i n f r  astruct  we i n  the form o f  add i t iona l  and/om 

cor rec t i ve  on-s i te  t ra in jng .  

The ef fect iveness o f  the AID hand pump monitoring a c t i v f t i e s ,  espe 

c f a l l y  those car r ied out i n  the f i e l d ,  was shown when a f i n a l  inspect ion 

tou r  was made i n  December 1981 o f  the f i v e  d i s t r i c t s  (Kalutara, Hanbantota 

- r andy, Amparai and Jaffna) where the 79 pumps had been i n s t a l  led.  A t  the 

bime o f  the inspect ion a1 1 pumps were found t o  be i n  good working order wi th 
11 
&he exception o f  f f ve .  I n  Kalutara one pump was found t o  be leaking s i g n i f  

i 
bcant ly  at the base thread connection dw t o  wear and/or poor mch ln i ng  

# t h i s  was remedied by reseal i; ng the connect fan w i th  a j o i n t  canpound). I n  

hambantot a, two deep-we1 I pumps were not operating f o r  unknown reasons 

i c i  t i ng  previous repor ts  o f  vandal l vn and abuse, goverment o f f  i c i  a1 s were 

8n the process of  designating a l te rna te  maintenance personnel). Two other 

pumps i n  Hambantota were inoperable due t o  missing par ts  t ha t  had been con- 

f iscated by po l i ce  i n  connection w i th  a domestic d ispute betweeen two v i l -  

Bagers (one of whom was the caretaker of the pumps). The remaining 74 pumps 

were observed t o  be proper ly  maintained and widely accepted by users. The 

baintenance tn f ras t ruc ture ,  reviewed a t  the t ime of the inspect ion tour, was 

'ound t o  be operating smoothly, 

As pa r t  o f  t h i s  project ,  water q u a l i t y  t es t i ng  was performed a t  the 

, l t e  o f  each A I D  hand pump, Regionally, Jaffna had the poorest q u a l i t y  

water from a physicochemical standpoint w i th  very hlgh chloride, hardness 

bnd a l k a l i n i t y .  Aside from high leve ls  o f  i r o n  and low pH levels,  Kalutara 

h d a v e r y d e s i r a b l e q u a l i t y g r o u n d w a t e r .  T h e Y a n d y d i r t r l c t a l r o h d v e r y  

( e s i r a b l e w a t e r , w i t h s l i g h t l y h i g h e r c o l o r a n d t u r b l d ~ t y l e v e l s t h a n f o u n d  

t Kalutara. The s i t e s  i n  Hambantota and h p a r a l  were s i m i l a r  t o  each other 

i t h  some ch lor ide evident, and f a i r l y  hjgh sul fate,  a l k a l i n i t y ,  hardness 

nd i ron.  The Hahantota  s i tes ,  however, also were h igh i n  n i t r a t e  and 

anganese . 



- 't 
I n  order t o  study the r a t e  of bacter io log ica l  recontamination, i f  any! 

of the we1 1 s i tes,  an extensive t es t i ng  program was conducted f o r  15 we1 1s 

i n  Kalutara and Hambantota. These wel ls  were dis jnfected,  then tested f o r  

co l  Sforms approxfrnatel y every other week. If contamination was indicated, 

t he  contaminated we1 1 was red1 $infected and m n i t o r e d  fu r ther .  Records of 

contminat fons ra tes were kept f o r  Kalutard and Hambantota and the average 

regional  recontanfnat4bn ra tes  were calculated frm thls data. However, 

these averages are not i nd i ca t i ve  o f  individual s i t e  r esu l t s  where s im i l a r  

condi t ions yi el ded qu i t e  var ied resu l ts ,  perhaps f r an  external  inter ferences 

such as bucket dipping o r  r epa i r  operat ions t ha t  caused recont m ina t i on ,  

Thus, based on the data and the t e s t  c0ndltions, it would be very d i f f i c u l t  

t o  statistically j u s t i f y  an est imat ion of  a d i s i n f e c t i m  frequency f o r  -13 
d i s t r i c t ,  o r  even f o r  each we1 1, without f u r t he r  research. I 

V i l l age r  acceptance o f  the A I D  hand pumps manufactured and i n s t a l l e d  in  

I S r i  Lanka has been exce l lent  w i th  no r e s l s t m c e  t o  the covering o f  the wells 

and i ns t  a1 1 a t  i on  of the pumps, 

a 
In conclusion, there have been very pos i t i ve  resu l t s  fram the USA11 

hand pump progran i n  S r i  Lanka, as evidenced by widespread i n te res t  fra 1 2 both the  p r fua te  and publ ic  sectors. For example, an order f o r  380 A I D  

I- - pumps has been placed by the M in i s t r y  o f  Plan Implementation f o r  the 

Integrated Rural Development ( I R D )  Projects i n  the  th ree  d i s t r i c t s  of 
Kurunegala, Matale arid Puttalam. In addit ion, IRD p ro jec ts  a t  Badulla, 

Nuwara E l iya ,  Galle, Kandy and Kegalle w i l l  include 600wells.  Approxi- . 

mately 500 we1 1s are included i n  the  Matale and Polonnaruwa D i s t r i c t s  under I 

t h e  DANIDA r u r a l  water supply and sanitation pro jec t .  A F innish project,  I 
a lso expected t o  c m n c e  i n  1982 f o r  t he  Harispattuwa electorate, w i l l  
inc lude 300 t o  400 wel ls  ,s a resu l t ,  Mr.  Harold Fernando, Senior 

Assistant  t o  the Secretary o f  the Win is t ry  o f  Local Govermnt ,  b u s 1  rg and I 
Construct ion (MLGHC), has estimated there are 20,000 open we1 Is now and an 

1 annual need f o r  2,000 hand pumps u n t i l  1984 when t he  demand I s  expected t o  

increase t o  3,000 and then t o  4,000 annual l y  f r a n  1985 onward9 unt f 1 a t o t  a1 

of some 40,000 punps have been i n s t a l l e  r ~ -  



Based on the present p r i c e  of  the  A ID  hand pump (approxfmately U. 

$150) compared t o  the cost of i t s  nearest comparable competitor ( the I nd ia  "L 
MK I I  a t  U.S. $350), the benef i ts  4n d i r e c t  savf ngs and reduced fore ign 

spending are read i l y  apparent. Coupled w i th  the incent ives of  the expected 

market demand, i t I s  not d i f f i c u l t  t o  envision the opportuni t ies ava i lab le  

t o  po ten t ia l  manufacturers. 

d 3 D -4  
Importantly, the USAID hand pump progranr has permitted the Government 

of S r i  Lanka t o  Implement i t s  Decade Plan f o r  r u ra l  water through a rap id  

impact approach tha t  a1 lows present i ns ta l  latf  on of  hand pumps whi le pre? 1 - 
par ing f o r  longer term design and construct ion of piped water supply systems 

i n  more densely populated areas. 



I NTROOUCT [ON 

Stop! o f  U o ~ k  

I n  October 1979, Georgia I n s t i t u t e  of  Techno1 ogy (Georgia Tech) engi - 
neers were assigned the  task of determlnfng the f e a s i b i l i t y  of  l o c a l l y  manu- 

1 

f actur ing the Agency f o r  In ternat iona l  Development ( A I D )  hand-operated water 

pump i n  S r i  tanka. I n  March 1980, a f t e r  contpleting t h i s  pre l iminary  survey 

and concludi ng tha t  adequate market and loca l  mnufac tu r f  ng capabi 1 i t i e s  

4 were avai lable, USAID/Sri Lanka authorized Georgia Tech t o  proceed with the 

C 
implementation o f  a USAID/Srl Lanka hand p d ~ p  program. 

The primary object ives 

d i s t i n c t  phases, were: 

Phase One: 

To prov ide  the 

of the program, t o  be car r ied out i n  two 

P- d-cR. 
4echnical assf stance necessary t o  establ  i sh 
o f  the AIWhand pump. 

To oversee the manufacture of a production run o f  90 A I D  hand # 
pumps. 

= Phase Two: 

1. To implement a field hand pump installation program. 

2. To assess the impact and ef fect iveness of  the hand pumps by 

monitoring and eval uat lng  mter qua1 i t y  , hand pump perfor-  

mance data and general user acceptance. 
--7 - q . . 



m 
1. The p r i n t i n g  d an 11 lus t ra tea  maintenance an. r e p a l r  manual 

(prepared i n  Engl i sh, Singhalese and Tamil ). 

2. The development and monitoring o f  a hand pump t e s t  program a t  the 

Ceylon I n s t i t u t e  f o r  S c i e n t i f i c  and I ndus t r i a l  Research (CISIR) 

designed t o  give accelerated wear data under laboratory 

condi t ions.  

1. The implementation o f  an expanded water qua1 i t y  monitoring program 

designed t o  provide f u r t he r  informat ion about the time- 

e f f e c t  i venes shock d is in fec t ion,  s o i l  types and recontamination 

rates. 

b+ Review o f  Past Hand Pump Programs 

1: P r i o r  hand-operated water pump programs I n  t ess  Devel oped Countries 
l L I  L ( L D C ' s )  have met wi th  varying degrees of success. For most ru ra l  s i tua t ions  

1 where a protectable spring i s  not avai lable, hand pumps o f f e r  the  mst 
Y 

''A economical means of maintaining an accessible, safer water source. However, 

the less than sa t i s fac to ry  success record o f  many of  these programs would 

i nd i ca te  tha t  many problems have not been e f f e c t i v e l y  addressed. I n  one - p a r t  o f  India, when 44 pumps were inspected three years a f t e r  t h e i r  i n i t i a l  

i n s t a l l a t i o n ,  only 17 were s t i l l  functlonjng.L/ This t rend was s i m i l a r l y  
- 
)I noted i n  a technical  paper on hand pumps prepared under the j o i n t  sponsor- 

sh ip  of the United Nations Environment P r o g r a m  (UNEP) and the World Heal th 

- Organization (WHO)?/ which reported: 

11 "Hand Pump Mai ntenance," Arnol d Percy, Tntemational Technot ogy Pub1 i c 

t ion ,  1977, London. 

f z/ "Hand Pumps for Use i n  Dr inking Water Supplies i n  Developing Countries," 

I 
Technlcal Paper No. 10, Int ernat i onal Reference Centre f o r  Community Water 
Supply, Voorburg (The Hague), The Nether1 ands, Ju ly  1977. 



The hi'@ r a t e  "' de7ecr;ive hand pumps Is not simply 

a r e f l e c t i o n  o f  pumps but also of inadequate maln- 

tenance and rep; e ighty percent of pwnps out of 

operation a t  one time I n  a hand pump program I s  a not uncommon 

experlmce. 

I The paper continued by characterizing the shortcomings of these progrms as 

f o l l ow  

Poor qua1 i t y  o f  hand pump design and m u f a c t u r e .  
r rn 

2. tack of feedback from maintenance t o  engineering 

personnel . Inadequate record-keepi ng. 

pr  ocuremen 

. Poor maintenance s k i l l s ,  lack of  t ra ln lng,  inadequate ,,,.,, .--.: 

o f  transport,  and l ack  of  supervision. 

4. I n v i s i b i l i t y  o f  maintenance and lack urgency. Users re turn  t o  L 
t h e i r  pre-hand pump source. Maintenance supervisors a re  r 

r m v e d  from scene or wed. * 
5. Lack of  rtppreciat lon of  preventive maintenance. Maintenance seen 

as repa i r  function. 

Mwe recently, a June 1981 newslet ter  d i s t r ibu ted  by the In ternat iona l  

Reference Centre f o r  Cormnun1 ty  Water Supply and san i ta t io&  reporteck.. 

I L5;:u - -'m 
Although appreciable progress fs  beyng mde tn many developing I 

count r ies  wl th regard t o  well d r i l l i n g  and hand pump i n s t a l l a t i o f t  

- -. for  rural water suppl les the same i s  unfor tunately not t r u e  of  L A  

! the malntenance of  pwnps once they a r e  i n s t a l  led.  I n  fac t ,  hand 1 

pumps break down f requent ly  a t  alarming rates--up t o  60% withlq 

. 't I 

3/  " Internat tonal  Reference Centre . - ommunity Water supply and 

Sanitat ion," N.122, June 1981, R i j s w i j k  (The Hague), The Netherlands. 

w I: 

I 



one year i s  no exception--en8 remain unrepaireci f o r  long periods 

o f  t ime because o f  lack o f  &equate provistons f o r  maintenance 

and repa i r .  Concentrated e f f o r t s  are required i f  the impact of 

* f  r n a n y h a n d p u m p i n s t a l l a t i o n p r o g r n m e s i s t o c o n t i n w .  

F r m  the above i t  can be seen t h a t  whi le the q u a l i t y  o f  hand pump 

esign and manufacture remains the foundation of a successful r u r a l  water 

upply program, implementat i on  of an e f f e c t i v e l y  ln tegr  ated ma1 ntenance 

Q g r m  i s  essent ia l  t o  sustained success- 

-Georgia Tech and the A I D  Wand Pumr 

In response t o  the need i n  developing countr ies fo l  n re11 able and 

mproved supply af safer water  and the co ro l l a r y  worldwide need f o r  a 

f ong-lasting, easlly maintained and repaired, economical, l oca l  l y  manufac- 

ured hand pump, A I D  began a ser ies o f  contracts w i t h  the B a t t e l l e  Menorial 

s i gn  and laboratory t e s t  a rec iprocat ing shallow- and deep- 
e l  1 pump. A f i n a l  design was developed (see Flgures 2 and 3) and, i n  l a t e  

976, Georgia Tech was contracted by A I D  t o  $e lect  two developing countr ies 

actur ing and f i e l d  t e s t i n g .  The scope o f  work included pro- 

assistance t o  foundries and machine shops i n  the manufac- 

and evaluat ing the performance and accep tab i l i t y  of t he  
e a v i l y  used i n  f i e l d  s i tuat ions.  

Nicaragua and Costa Rica were chosen as i n i t i a l  t e s t  countr ies. Local 

he A I D  hand pump was cunpleted and f i e l d  tr ia ls  t n i t l a t e d  

ween January 1977 and September 1979. The A ID  pump was subsequently 

re l iab le ,  sturdy, eas i l y  maintained, low i n  cost  compared 

capable o f  being manufactured i n  develop1 ng countr ies.  

A f te r  completing loca l  f e a s i b i l i t y  surveys o f  ex ls t ing  manufacturing capa- 

i t i e s ,  A I D  hand pumo progrms were l n l t l a t e d  i n  the Domfnican Reph l j c ,  

,a 'Indonesia, Tunisia, i Lanka, Honduras, Ecuador, and mst recen t l y  the 

ese programs, Georgia Tech has establ ished a methodology f o r  

e f f o r t s  of ~ r i v a t e  sector rnanuf acturers and aovernment 

A 
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I Y 
o ~ a n l n t i o n s  i n  implementing comprehensive hand pump programs t h a t  sddfess I 
a r tdp range o f  technlcsl needs. These include q u a l i t y  -- duct ion:  s l t e  select ion;  puap i n s t a l l a t i o n ;  pump p e r f m a n e e  

evaluation; t r a i n i n g  Sn i n s t a l  l a t fon ,  maintenance and repai r; 

qua l i t y  analysis.  As discussed i n  the following sect ion ,  t h e r e  remaifis a 

s lgn i f tcan t  need f o r  the continued 

Government of  Sri Lanka (GSL). E 

Flgura 4. A I D  Hand Pump Installed t n  Kalutara - I 
Sri Lanka--1981 

Health Aspects 

An unpublished 1979 Sri Lanka Governmental M i n i s t r y  of H e a l t h  

"DevePopment of Prlmilry Health Care i n  Sri Lanka," i n d i c a t e s  t h a t  s i g n i f i -  .a: 
1 $ ' 3  
. .?I c a n t  progress has been made i n  the overa l l  hea l th  p i c t u r e  i n  t h i s  netion. .,,, 
1 

The i n d i c e s  f o r  l n f a n t  M o r t a l i t y  Rates (46/1OQ,000), Maternal Mor ta l i t y  m' 

R a t e s  (1/100,0M I l v a  b i r t h s ) ,  and Crude Death Rates {8/1,008) show relatCv 
improvement ovw past  years. 



However, the report  goes on t o  say t ha t  these nat ional  averages hide 
1. -; tragedtes i n  remote communities where the In fan t  Mortal i t y  Rate i s  t y p i c a l l y  -. 
c 8$fl00,000 and the Maternal M o r t a l i t y  Rate approaches 2.5/100,000. S i m i -  

l*rly, morb id i ty  f igures show increases in spec l f i c  i l l nesses  l i k e  cholera, 
r: v ~ D . ,  f l l a r i a  and T.B. A lso,  a resurgence o f  con t ro l led  diseases has 

occurred i n  the recent past r esu l t i ng  I n  endemic outbreaks of d iarrheal  

diseases. The repor t  re la tes  these heal th  problems t o  the fo1 lowing: 
i' 

1 ' .b'' 

1. The envi ronment--sources of water, d l  sposa 
.c: 

of  excreta and 

other waste and pol  l u t ion .  

i ne cont ro l  of  vectom--m05qdtots, 

3. Y u t r l t i o n  

patterns. 

ag r i cu l tu ra l  product f on, and c u l t u r a l  h d *  and 

34. Family size ,  populat lon pressures and aggravation of  heal th  
oblems I n  ru ra l  and urban slums. 
'C 

A. . The l i f e  system of  people--accidents, alcoholism, smoking, etc. 

I n  1975, m r b l d i t y  f lgutes showed enteritis and other d iarrheal  

eases f ou r t h  i n  frequency w i th  92,772 reported cases out of a t o t a l  o f  
,113,028 t reated i n  government hospitals. Mortal i t y  causes showed ente r i -  

t i s  and other d iarrheal  diseases t h i r d  i n  frequency w i th  2,012 deaths out o f  

, a tota l  number of deaths from a l l  causes o f  32,366 reported by government 

hosp i ta ls  (see Table 1). 

I n  doeurnentation prepared by USAID/CO~ mb&/ water supply was re1 ated 

t d  the current  S r i  Lanka heal th  and waterborne dfsease s i tua t ion :  

The lack of su i tab le  water supplies ... has serious q u a l i t y  of  

l i f e  and heal th  impacts on the population, IR s p l t e  of advances 

''Country Development Strategy Statement f o r  FY 1981-85,' 

'i 

-- a -- 



Table 1 

LEADING CAUSES OF FXMBIDITY 
AND MORTALITY I N  SRI LAW4 (1975) 

( I N  RESPECT TO NUMBER OF IN-PATIENTS TREATEt 
I N  GOVERNMENT HOSPITALS) 

Morbf d i  t y  Frequent 

;I 
1. Del ivery  without mention of complications 238,621 
2. Admitted f o r  de l i ve ry  but not del ivered 88,355 
3. Malar ia 108,003 
4. Inf luenza 76,726 
5. Chronic b ronch i t i s  and .bronch i t is  unspecified 83,752 
6. E n t e r i t i s  and other d iarrheal  di seases 92,772 
7. Other diseases o f  the d igest ive  system 43,635 

I 7 8. Other diseases o f  geni to u r ina ry  system 46,228 
9. Lacerations and open wounds includtng dog bf t e s  95,365 
10. In fec t ions  of  sk in  and subcutaneous t issues 69,684 

114 
11. Super f ic ia l  i n j u r y ,  contusion and crushing wlth 

i ntac t  surface 52,235 
, Symptoms of  ill -defined condl t ions 44,970 

Other non-digestive diseases 1,072,682 

I ;  n t a l  number o f  cases treated f o r  a1 1 diseases 

hl 
ItPb=a=,7 

rrF Mortal f ty 
t k 

"""": 
Frequenc 

1. E n t e r i t i s  and other  d iar rhea l  d-iseases 2,012 

1 2. Ischemic heart  1,023 
3. Other forms of hea l th  dtseases 2,313 
4. Bronchial pneumonia , m l s 9 9 8  

I 5. T.B. o f  resp i ra to ry  system 

YF 
1,007 

6. Other causes of  perf  natal  rnorbidf ty  and mortality 1,888 
7. Other avf taminosis and n u t r t t i o n a l  def ic ienc ies  950 

i 8. Senf 1 i ty  without mention o f  psychosis 94 3 
9. Cerebrovascular disease 907 
ln, Hypertensive disease 81 1 

, Miscel 1 aneous df seases 18,514 

Total  number o f  deaths from a1 1 causes ( i n s t i t u t i o n a l  ) 32,366 

SOURCE: Development of  Primary Health Care I n  S r i  Lanka. 



i n  t h e  f i e l d  crf hea l th  i n  S r l  Lanka over t h e  l a s t  decade, there  

has been a recent increase i n  the  inc idence o f  i n f e c t i o u s  and 

p a r a s i t i c  diseases. Gastroer ' t terf t Is,  which remains t h e  main 

cause o f  h igh  i n f a n t  m o r t a l i t y  (51/1,000 b i r t h s  i n  1974), i s  

associated w i t h  inadequate, unsafe water suppl ies and unsani tary 
envi r o n m n t a l  condit ions. Approximately 40% o f  a1 1 hospi t a l  

admissions are  due t o  preventable, cmmunlcabl e diseases, most of  

which can be a t t r i b u t e d  t o  poor environmental cond i t ions  

i n c l u d i n g  t h e  lack o f  safe water. Cholera and o ther  diseases 

r e l a t e d  t o  unsafe water suppl ies such as typho id  and b a c i l l a r y  

dysentery are endemic i n  many p a r t s  o f  the country.. . . 
I n  1976, the re  were 728 cases o f  cholera (El Tor) i n  - i Lanka 

w i t h  J a f f n a  and Colombo South being the  main problem areas. Even 

w i t h  inadequate and incomplete repor t i ng  from available hosp i ta l  

s t a t i s t i c s  the  magnitude of water-related diseases I s  s i g n i f i -  

cant. It was not  poss ib le  t o  ab ta in  meaningful s t a t i s t i c s  on the 

fmpact of  adequate water suppl ies and n u t r i t i o n ,  s k i n  diseases, 

p a r a s i t i c  I n t e s t i n a l  diseases and o ther  water r e l a t e d  diseases, 

bu t  world-wide experience over the last several decades has g lvcn 

evldence t h a t  a safe, adequate water supply I s  essent ia l  i n  t h e  

o r d e r l y  development o f  a heal thy society. I n  add f t i on  t o  t h e  

d i r e c t  impact on t h e  q u a l i t y  o f  l i f e  o f  safe water, the savings 

i n  terms o f  d i r e c t  costs o f  loss o f  p roUuc t I v l t y  from reduced 

h o s p i t a l  admissions i s  a lso  s i g n i f i c a n t .  

The repor t  a lso  c i t e s  the  fo l l ow ing  from a d r a f t  health sector  paper for 

t h e  GSL 1979-83 Medium T e n  Investment Plan: 

The disease p a t t e r n  i n  Srl Lanka i s  character ized by t h e  pre- 

dominance of  preventable diseases. The leadjng causes o f  hospi- 

t a l i z a t i o n ,  outdoor treatment and death can be t raced t o  t h e  

1 ack of envi ronmental san t t a t i o n ,  cspecla l  ly safe water supply, 

sewage d isposal ,  food hygiene and vector  cont ro l .  



A b u t  40% o f  those seeking treatment a t  government medical i n s t ,  

t u t  ions s u f f e r  from bowel di seases: mi n l y  typhoid fever, 

dysentery, g a s t r o e n t e r i t i s ,  c o l i t i s ,  and helrninthic j n f e s t a t i o n ;  

hospita l  admissions f o r  bowel iseases alone i n d i c a t e  an i n c i -  

dence r a t e  o f  940/100,000 i n  1975. G a s t r o e n t e r i t i s  remai ns the 

use o f  h f g h  i n f a n t  m o r t a l i t y .  

The S r i  Lnnka International Drink'ing Water and S a n i t a t i o n  Decade 

Plan 

'1 Fortunately for the cl t fzerts  o f  Sri Lanka, the i r  government cans ides  

the improvement of the qua1 l t y  of 11 f e  of a1 1 i t s  people to b one of i t s  .- 
prlrnary oMectives.  This I s  evidenced by Sr1 Lanka's I i t ternatfonal D r i n k i ~ g  

4 
' 

Yater and Sani ta t ion  Decade P lan .  The Plan, i n  general, out l lnes  the 

nat lona? goels o f  the Government t o  imprave the quality and quant l ty  o f  
dr lnk lng  water and sanjtat fon facilities a v a i l a b l e  4x1 the entire pop 

7 
A -11- - 



by the year 2000. For instance, the Goverrment plans t o  Srrrprove w t e r  

supply condit ions In four spec i f i c  areas: 

1. Qua l i t y :  The ma jo r i t y  o f  water suppl ies used f o r  dr ink ing 

and other socia l  purposes, such as bathfng, washing, and 

cooking, are not considered safe. To remedy th is ,  the 

Government w i  11 introduce a1 1 necessary improvements a t  bo th  

ends of the supply chain. Various forms of  treatment. a t  the 
sources o f  supply w i l l  be matched by continuous t es t i ng  and 

moni tor ing a t  po in ts  o f  consumption. 

2. Quanti ty: The quan t i t i es  of water ava i lab le  i n  most urban 

and rura l  areas are i n s u f f i c i e n t .  The Goverrment wlll under- 

t ake  the a c t i v i t i e s  requi red t o  develop new surface and 

groundwater sources. 

3. R e l i a b j l i t y :  The consumer's concept of  r e l i a b i l + t y  i s  based 

on two c r i t e r i a :  qua1 f t y  .o f  water and, more importantly, 

cont i nui t y  o f  supply. Q u a l i t y  considerat ions i n v o l v e  

improvements i n  both ex i s t i ng  and fu tu re  water supplies, and 

con t l nu l t y  involves the assurance t ha t  water wll l be avai la-  

b l e  a t  a spec i f i c  t ime and a t  a spec i f i c  locat ion.  I t  i s  the 
goal of t he  Government t o  ensure the re1 i a b i l  4ty of  a1 l water 
suppl ies t o  a l l  S r i  Lankans. 

4. Access ib i l i ty :  The distance between the source o f  water 

supply and the po in t  of consumption i s  a matter which has 

great  socf a1 and econanic consequences. The socia l  con- 

sequences include aspects of  convenience and energy expended 

i n  carry ing a quant i ty  of  water. The economic consequences 

include the t ime  and energy spent carrytng water  whjch could 

otherwise be channeled i n t o  product l v e  or  l e i s u r e  a c t i v i t i e s .  

Consequently, i t  i s  the goal o f  the Government t o  make ex is t -  

i n g  and future water services more accessible by placing them 

as close as possib le t o  the consumers, namely, i n  o r  near the 

house or work place. 



Program Described Herein 

I 
s noted ea r l i e r ,  Georgia Tech was authorized i n  March 1980 b, 

1 U S A I D / S r i  Lanka t o  proceed wi th the implementation o f  a program f o r  loca l  

manufacture of the A I D  hand pump i n  S r i  Lanka. This program allowed the 

I Government o f  S r i  Lanka t o  qu ick ly  move I n t o  i t s  Decade Plan wi th cost- 

e f f e c t i v e  hand pumps f o r  ru ra l  populations while more complicated piped 

I 
water systems were being planned, designed and constructed i n  more densely 

populated regions. 

I By the end of 1980, a ~samrfacturer had been contracteu arw cast iny pat- 

te rns were made. I n  the f ield, Georgia Tech engineers began s i t e  surveys 

I and pre l iminary  water qua l i t y  sawpllng i n  the regions o f  Kalutara, 

Hambantota, Kandy, Amparai and Jaffna. A f t e r  the I n f f f a t i o n  of work 

I contracted t o  seal ex i s t i ng  open well sites, the f i r s t  AID hand pumps were 

i n s t a l  led i n  Kalutara i n  February 1981. S i t e  construct ion, hand pump 

I i n s t a l  l a t  ton, and maintenance and repair t r a i  n'rng continued i n  the f i v e  

regions unti l  September 1981 when work a t  a1 1 sltes was completed. Pump 
hi monl t o r i  ng and performance eval uat  don cont i  nued u n t i  1 December 1981 when 

Georgia Tech personnel made a f lnal  fnspeetfon o f  a1 1 s i tes.  

I" A t  the conclusion of the t e s t l n g  period, monitorfng data from the f i e l d  

and from the C I S I R  laboratory  were collected and studied t o  assess the -i 

t 
1 effect iveness o f  the program. I t  was detemlned that the AID hand pump, as 

manufactured i n  Sri  Lanka, of fered a sturdy and cost -e f fec t ive  a l te rna t i ve  

t o  imported pumps f o r  use in  lmplementfng a rural water supply program. I t  

was a1 so shown t h a t  a v iab le  mrfntenance i n f r as t ruc tu re  could be es tab l  t shed 

u t i l i z i n g  resources a t  the lgraas roots" level and in tegra t ing  them i n t o  the 

ex4 st ing Government organizations. 

I It should be menttoned t ha t  the program has gone beyond the mere 

t r ans fe r  o f  the technology ( the  hand pump). I t  has a l so  assisted the 
I G o v e r m n t  fn addressing re la ted issues o f  t ra in ing ,  maintenance, v i l  lager 

acceptance, and i n s t i t u t i o n  b u i l d j  ng. Other donors, e.g., UNICEF, Finland, 

and D e m r k ,  rho a re  working on ru ra l  water supply systems for  Sri Lanka 4a 
have also been aided by the program i n  the se lect ion of an appropr iate hand 



PROJECT ISSUES AND ACCOMPLISWENTS 

Pr iva te  Enterpr ise (Foundry) Oevelopnoent 

Foundry Select ion. I n  October 1979, Georgla Tech gngineers were 

assigned the task of determining the f e a s i b i l i t y  o f  l o c a l l y  manufacturing 

the A I D  hand pump i n  S r i  Lanka. I n  order to measure the manufacturing 

pabi l  i t i e s ,  pro jec t  personnel surveyed h o l e s a l e  and r e t a i l  establ ish- 

nts, foundries, machtne shops, and plastlcs manufacturers. Sri Lanka was 

consequently found t o  be an idea l  country f o r  i n t roduc t ion  o f  the A I D  hand 

pump. Local manufacturers, i n  general, o f fe red  an a t t r a c t i v e  p r i c e  and had 

the capabtl i t y  to manufacture a qual i t y  pump, S r i  tanka a1 so seemed very 

appropriate f o r  the i n s t a l  l a t i o n  o f  hand pumps on a large scale kcause the 

dispersion o f  the ru ra l  populatfon made piped water supply systems prohibi -  

t i v e l y  expensive and because o f  a large number o f  ex is t ing  open wel ls  t ha t  

needed t o  be sealed from external contamination. During the i n i t i a l  survey, 

the following s ix  foundries and machine shops were invest igated f o r  possib le 

manufacture o f  the A I D  hand pump fn Colmbo, Kandy, and Jaffna. 

t ~ ~ n a s e n a  Ltd., i n  Colombo, was the most impressive organizat ion inves- 

t i g a t e d  f o r  hand pump manufacturlng and l e f t  l i t t l e  doubt as to i t s  a b i l i t y  

t o  manufacture qua l i t y  products. It was a holding company t ha t  purchased 

rough castings from Jinasena Castings and then car r ied  out i t s  own f i n i sh i ng  

operations (a major product l i n e  WAS cent r i fuga l  pumps). It had the fol low- 

i n g  equipment f o r  f i n i sh i ng  the rough castings, f o r  assembling the cast  com- 

ponents and f o r  con t ro l l i ng  the qual i t y  o f  the f i n i shed  product: 

m! Large and small la thes 

Several sizes o f  m i l l i n g  machlnes 

0 Precis ion d r i l l i n g  machfnes 

a Sanders and grinders 

e Spray pa in t ing f a c l l  i t l e s  

a Simulated head t es t i ng  s ta t lons 

a Conveyors f o r  mss productfan assembly 

PREVIOUS PAGE BlANK 



Jinasena Cartfng hau 15,000 square feet o f  faundry space housing the 

fo l low ing  equlprnent: 

e Sandmixers 

Medium-sized cupola f o r  me1 t i n g  l r o n  

7 Furnace for melting brass 

a Furnace f o r  ml t i n g  a1 uninum 

Oven t o  dry oil-based cores 

Hand and pneumatic presses for handling sand m1ds 

Special furnaces i n  a i c h  fron 5s melted and metals such as n lcke l  

and chromium a r e  automatical ly added t o  the  iron f o r  specffic, 

desired metallurgical content 

Eased on a b r ie f  analysis of b luepr in ts  and a prototype manufactured i n  

Indonesia, the A I D  hand pump ws quoted a t  $65 per u n f t  f o r  loca l  manufac- 

t u r e  by Jinasena. 

Emma Enterprtses was v l s i t e d  i n  Jafl'na. This  small canpany had no 
facilities for melt ing l ron (brass and aluminum only). Its lwchirte shop 

consisted of one lathe, one hand d r i l l  and one hand grinder. No quote f o r  

manufacturing the AID hand pump was requested here because o f  I n s u f f i c i e n t  

capabi 1 i t ies .  

United Agro Englneerirrg was also v i s i t e d  i n  Jaffna.  I t s  foundry con- 

s i s ted  o f  a small cupola fo r  nmlting l r o n  and a furnace for me1 t l n g  brass 

and aluminum (aluminurn and brass w r e  the principle wtels used I n  i t s  pro- 

ducts wi th  i r o n  being poured once weekly). Its machine shop consisted of  

three lathes, some gr inding equipment, a m i l l i n g  machine and a small qua l i t y  

cont ro l  area where cent r i fuga l  pumps were tested. The A I D  hand pump was 

quoted here a t  $65 per pump, and i t  wag determined that Unlted Agra most 

l i k e l y  could have made a qua l i t y  pump 1 f  canslderable external technical 

assistance were provided. 

Auto Cycle Works was v i s i t e d  jn Kandy. Although t h l s  company's mchine 
shop was cluttered, it was more than adequate for AID hand punp mnufacture. 

lathes, m4111ng and d r t l l l n g  nwchines, a surface 

-16- .mi 
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I gr inder  and an automated saw f o r  cuttlng pipe, rod and angle I ron.  While 

the machine shop inspected was very good, the foundry operations l e f t  much 

t o  be desired. There was no cupola f o r  melt ing i r o n  (cruc ib les  were use 

Instead). Only scrap i r o n  was used as a raw material.  The pat terns tha . 
q were being used were o f  poor qua l i ty ,  and i t  was noted that  the castings b being processed through the  shop were c i r c u l a r  and r e l a t i v e l y  small ( the 

easiest  t o  cast).  The foundry i t s e l f  ws small and allowed only about 20 

castings t o  be poured a t  one ti , The laanagement of the company estimated 

t h a t  the AID hand pump would be pr iced a t  approximately $75 i f  manufactured 

hy Auto Cycle Works. It was not recommended t h a t  t h i s  organizat ion under a 
take manufacturing the A I D  hand puinp unless I t s  foundry was upgradet 

I 3 m 
Contracts and Supplies, Ltd., a hold ing company based i n  Colornbo vhich 

C 
1 . ,., luded United Agro Engineering, had recent ly  acqui red several "Wasp" hand 

pumps from Ind ia  r e t a i l i n g  a t  $85. The Wasp" hand pump was f o r  both shal- I 

ow and deep we1 1s and was somewhat rugged, but mu1 d be di f f l c u l t  t o  main- 

t a i n  because of  i t s  complextty and I t s  large number of working components. 

I It was concluded t h a t  J lmsena Ltd. was the most appropriate foundry 

and machine shop analyzed. However, t o  assure e q u i t a b l l f t y  i n  the se lec t ion , 

1 '  of an A I D  hand pump manufacturer, an advertisement fo  l e t t e r s  o f  tnteres 

was placed i n  the March 16, 1980, Sunday Observer f t e r  screen1 ng t h  

responses t o  the advertisement, three addi t iona l  lndr ies were inves t i -  
;; -4 

1 gated: Brown and Company, Ltd.; Walker, Sons and Company, Ltd.; and 

C . . - Somaslri Hu l l e r  Manufactory. O f  the above three companies, S m a s l r l  Hu l ler  
Manufactory was the most impressive wi th  very high qua l i t y  castings an' 

~c$#achining. Brown and Company, and Wal ker,  Sons and Company were found t o  be 

very large, disorganized, and lack ing the qua l i t y  that S m a s i r i  Hu l le  
Manufectory exhibited. 

P r i o r  t o  accepting an order f o r  manufacturing 90 A I D  hand pumps 
sena Ltd. d i d  an in-depth study of the various pump cmponents and p re  

.pared a revised quote a t  $300 per pump, &5ch appeared unreasonably high. 

Meanwhile, Somasiri Hu l l e r  Manufactory (SIN) had de tem i  ned t ha t  i t s  p r i c t  

L 
f o r  manufacturing the A 1  



$79 f o r  the shal law-we1 
4 6 ~ I t h  the expe t ra r~on  or nlgn quality a t  an 

a t t r a c t i v e  pr ice,  SW was consequently selected t o  manufacture the AID  hand 

pump i n  Sri Lanka. - . '  

It should be noted t h a t  SHM was estebliskd over 35 years ago by the 
f a t he r  of the current  owners and managers, Pathmasiri and Sanas+ri Djas.  I t  
began as a one-lathe r i c e  h u l l i n g  machlne shop and had expanded tp produce 

3% r i c e  m i l l i n g  un i ts  per month wi th  the fo l lowing equipment: 

Fwndry: 

Three-ton cupala f o r  cas t  i r o n  

Two jolters w... . . 
- .  

8- 

One 175 c.f.m. compressor 

Furnace fo r  aluminuiii - '  : 
@ Oven for  cores 

a Woodworking shop for mold boxes 
a Floor capacity f o r  molds fo r  75 pumps 

Mach i ne Shop : 

@ Twel ve 1 athes 
0 Two shapers {p laners)  

@ One m i l l i n g  machine 

Two 4 '  radial d r i l l i n g  and boring machines 

a Three pedestal d r i l l  s 
a One 8' gui 1 1 o t  i ne 
a One 8 '  segmented bender 

One 5 h t o n  press w i th  die cushioning attachment 
One 6'  r o l l i n g  machine 

Three 18" r o l l i n g  machines 

One power hacksaw 

@ Two grinders 

Mi scel laneous hand tools 

Fwndry Operations. A contract  was signed i n  Marcn 1980 w l t h  SW f o r  
I the production o f  90 AID hand pvrrrps (45 shal low-we1 1 models and 45 deep-we1 1 



i mwel s). The manufacturing process (see Appendix A )  then began and con- 

s i s t ed  basical  ly o f  the f o l  1 owing sub-processes: liu; 
_I_. - 1. Pat tern  Making 

Using an AID hand pump made I n  Indonesia and wrklng drawings (see 

Appendix B )  suppl-l ed by p ro jec t  personnel as guides t o  requi red 

speci f icat ions,  two sets o f  wooden patterns and s i x  sets of  alumi- 

num patterns were prepared. These pat terns were used t o  make the 

cast ing molds. r ,  
I I .  

2. Mold Making 

Green sand ml4s were used t o  cast the various pump components. 

Clay/sand m ix t~ t "es  were used t o  form the cores which define the 

1 nternal  d imns ions o f  the components. 

Scrap metals o f  selected qua1 i t y  were melted dowm i n  SHM's three- 

t m  cupola. The melt was removed from the bottom o f  the cupola and 

hand car r ied  t o  the molds. Casting q u a l i t y  cont ro l  was maintained 

by two methods: 1 by cast ing a wedge p e r i o d i c a l l y  during the 

cast lng process which was then broken t o  reveal the acceptable gray 

1 ron o r  the undesirable b r f t t t t  whi te s l l i con  deposits and 2)  by 

v l s u a l l y  checking the castings f o r  blowholes which might reduce the 

s t rength o f  the component. S M l  also had access t o  the laborator ies  

o f  CISIR and the Ceylon Steel Corporatlcn &$k:*t0i~lln-deprh analy- 
s i s  was needed. 

4. Machining 

r -u 
Approximately 7-112 hours were required t o  rwchine the A I D  hand 

pump components f o r  me complete pump. The breakdown of machining 



.. 
- a  . Table 2 

COMPONENT MACHINING RATEs AND tQU IPMENT 

3 "  pipe 
Cap 
Body and spout 
Handle 
Fulcrum hand1 e 
R o d  end 
R od 
P.i ns 
Bushi ngs 
Plunger assembly 

Hours Required t o  
Machine one Uni t  

1.00 
Machines Used 

Lathe, radi  a1 d r i l l  
Lathe 
Planer, grinder, d r i l l  
Lathe, radi a1 drfl 1 
Pl aner, Padf a1 d r l l  1 
Planer, lathe 
Planer, lathe, hand tap 
Lathe, rad ia l  d r i l l  
Lathe, rad ia l  d r i l l  
Automated saw 
Lathe, radf al d r i l l  , 

hand tap 

- - -- - -.. - . r - .  - - 1 5. B n u C a r W f i e n t r  *-. . w -* . 
n- . , ,-:--=-?I 

I ' . b, 9 a .  
* .. 

LA.' 
& . 7 SmC - * .rl 

The pl'ston (p iunger)  assembly was made of brass. I t  was ia<t by- 
Russell  Blom, Ltd., and machined by SHM. 

Non-Netal Components 

The leather cups t o r  the plston aaseably were supplied by the 
Ceylon Leather Products Corporation. The rubber f o r  the f lapper  
foot valves was supplied by C I S I R  and was cut t o  t he  proper size by 

SW. The flapper valve mat was made of  PVC and supplied and 

fitted by SW. 

8 / 4 0 1 1 0 * m ~ ~ m l y  of i n e  pumps and before de l lvery  t o  the r i t e s ,  each 

pump was checked I n  the factory  f o r  qua l i t y  of manufacture and was indSvi- 

dua l l y  tested on a drum of water t o  conclude the  f i r s t  phase of the project .  

Pump I n s t a l l a t i o n  and Maintenance 

B '  
~ l t e   election. The second phase of  the pro ject  focused on Snstal la- 

t lon and f i e l d  t es t i ng  of the A I D  hand pumps a t  selected s f t e s  around the 



I 
- - 

r country. ' Srl Lanka Government, represented by the M in i s t r y  of Local 

Government, Housing and Construct ion (MLGHC) , he1 ped t o  coordinate the 

I se lec t ion  of  the we1 1 s i t e s  and assisted GeorgSa Tech fn we1 T reconstruc- 

t ion.  As ind icated earlCer, f l v e  d i s t r i c t s  were chosen t o  receive pumps: 

I Kalutara, Hambantota, Kandy, Amparai, and Jaffna. I n  each of these areas 

the MLGHC f i r s t  i ns t ruc ted  the Assistant  Commissioner of Local Government 

I (ACLG) t o  select  a number o f  su i tab le  pub l ic  w e l l  s i t e s  from h i c h  Georgia 

Tech p ro jec t  personnel would make a f l  nal determi natlon. 

I Thi r ty -n ine s i t e s  (see Table 3)  subsequently were chosen from a 

o f  130 which had been i d e n t i f i e d  by ACLG o f f i c i a l s .  S i t e  se lec t ion was 

I based on the fo l lowing c r i t e r f a :  

A.  The 

B. All 
1 ea 

C. The 

D. The 

t i o  

E. The 

and 

F.  The 

hand pump scheme should be acceptable t o  the loca l  cc~mmunit 

-m 
possible sources o f  groundwater contamtnation should be a t  

s t  50 f ee t  from the we1 1. These include: 

Any san i tary  f a c i l i t i e s  ( l a t r i nes ,  sept ic  tanks, 

Bathing and washing we1 1s i 
Agr icu l tu ra l  f i e l d s  using insect ic ides o r  f e r t i l  i; - 
Drainage canals, f i s h  ponds, or  other water bodies- 

s i t e  should provide y p ~ ~ - r (  w t u m 4  
L w  

I- 7- a - 
we1 1 shouid be a pub l ic  we located on as high a ground elc 

n as i s  p r a ~ t i c a l 3 ~  

water should be o f  qualit?which - 
' 

- 7 '  
icceptable t o  the people 

wfthin WHO standards. 

s i t e  should be eas i l y  ac 

qua1 i t y  sampling, and pump performance monitoring, 

We1 1 Construction. D i s t r i c t  engl neers and technical  o f f i c e r s  were 
. ,. 

i ns t ruc ted  I n  basic w e l l  const ruct ion methods and given plans ... i i c , ,  

am ,? 



L 

SITE NO. SITE NAME REGION DEPTH, FT. . D h M E T E R ,  FT. 

I Ukwat t o  Ka Zut ara 19'6'1, 7'0" 

2 Vettawa East Kalutara 15'0" 4 ' 0" 

3 Vettawa Weat Kalutara 14 ' Or' 5'6" 

4 Bollesagarna Kalutara 18'0" w-sA: .-A-c +i5 ' 6" 

5 Adhikar igodr Kalutara 12'0" 6'0" 

6 Serupi t a  Kalut ara 16'0" 7'0" - 

7 Liyanagoda Kalutara 19'6" 7 ' 0" 

8 '  
" 

Koodapal igoda Kalutara 21 '6" 7'0" 

9 Matugama A.C.A. Kalutara 8 ' 0" 5'6" 

10 Ra 1 ua Hambantota 29'0" 7 ' 0" h 
11 Karamatiya (1Md Hambantota 39 ' 0" 8'0" 

> 

12 Julampitiya Rambantota 21 ' 6" 7 '0" - ,  

13 Oluara IIMantota 25 ' 0" 7'6" 

14 Namaneliya Bdantota 16'0" 7 '0" 

15 Ethgalmulla Harnbantota 24 ' 6" 6 ' 6" 

16 Panburawa Hambantota 23' 6'' 7'0" - 
-F - - I  

17 ' .  Kadrupakuna Hambantota 23 ' 7" 9 ' 6" 

18 tabuhengoda (2DW) Hambantota 34 ' 0" . =. 6 loll  
-P- - 

19 Wellipitiya ( 4 S W :  Hambaatota 25 '0"  8'6" 

20 Andrawewa Hambantota 15'0" 7'6'' 
v 



38 Vaddukoddai Jaffna A 18'3" f 5 '0"  , 
' 39 1 Kelevaddawathai I Ja f fna - I 17'7" 1 6'8" 

*Not# - Unless otllerwise specif<e~,+,=~&,.p,~,te,~ 
well ( 2 s ~ )  pumps. 

. . a;. 
#DW - i n d i & B k  nilmher of deep-well pumps. 
fiW - indicates number of shallow-well pumps 



establ ished general Georgia Tech r q u l  rements. Using these plans as guide- 

i i nes ,  the d i s t r i c t  personnel estimated construction costs, and bids were 

s o l i c i t e d  from loca l  contractors. Reviews were then made of  the  bids and 

w f rac to r s  selected on the basis of cost and experience. 

~ o n s t r u c t i o n  of the we1 1s followed with the RCLG engtneers supervising 

the  contractors and Georgia Tech personnel m n i t o r f n g  and r e v i m l n g  the 

F. a v e r a l l  ac t i v i t y .  This proved very sat is fac tory  and enabled the program t o  
I e.,flve &oscn. & L r i c t s  sfmltaneously.  

- - - 

i$t'd~ifiT!ttrtrfln fh&thods (see Appendix C )  enta i led s e a l i n g  the 

- b x l s t l n g  hand-dug wen we1 1s wi th  a concrete slab. Because of the casts ki nvolved, we1 1s whTch were too la rge o r  i n  extremely poor condi t ion w r e  not 

elected. O f  those selected, most were wrl i ned, headwalls usual l y  cracked, 

nd aprons i n  poor condftlon. Therefore, contractors were instructed t o  

94 
move the headwalls, r e l i n e  and p las te r  the ins ide  o f  the well, and cover 

he well  w l th  a re inforced concrete slab. Aprons here b u i l t  extending f i v e  
A Fee t  frm the we1 1 wal ls t o  ensure proper d ra lnaw and t o  help prevent water 

seepage, Manholes were b u l l t  i n t o  the slab t o  a l low access f o r  maintenance 

and repa i r  but sealed off t o  prevent I n f l ow  of contaminated water. 

Pump Ins ta l  l a t ion .  The i n s t a l  l a t i o n  procedure (see Appendix C )  

f o r  shallow-well pumps was f a i r l y  s imple and accomplished by one o r  two per- 

I sons i n  less than an hour. 

For the deep-well pump (also out1 ined i n  Appendix C) ,  however, more 

anpower ( three o r  four persons) and time (two t o  three hours) were needed 

o handle the heavy drop pipe and rod. The procedure was also very simple, 

u t  required care fu l  measurement of drop pfpe and plunger rod lengths. .. - - 
1- t q  . - - '* 8 

' 

, '" #mi 

Cmstmction/lfistallation Costs. Each o f  the f l v e  d i s t r f c t s  where 

pumps were i n s t a l l e d  was deal t  " , t h  separately w i t h  regard t o  well 

construct lon. I n  sum cases construct ion and material s acquf s i t i o n  w r e  

organized d l  r e c t l y  through v i l l ages  and rural devel opnrent soclet les, vhile 
i n  others, by loca l  o r  regional contractors. As a resu l t ,  costs f o r  each 

I, I - 1 
1 ' -  



: r I 3 ., 
area variea accordingly. 'fhe cost of construction i n  each d l i t  

dependent on the a v a i l a b i l i t y  o f  bui ld ing mterials such 
tlmber, local t ranspor t  costs,  and the abl l l ty  of the contractors to work on 

Pump Maintenance. A major weak spot  i n  many hand pump programs 

tnroughout the world has been the maintenance infrastructure.  Although the 

A I D  pump was designed t o  withstand intensive use, i t  must be stressed t h a t ?  

-25- 



e (ieorgla Tecn team an- organ1 tea a 

aintenance i n f r as t ruc tu re  and a t r a i n i n g  program f o r  v i l l age  caretakers 

During the construct lon phase o f  the p ro jec t  i n  each d i s t r i c t ,  one or  

,* . two v i l l age  caretakers were chosen f o r  each well  and were approved by the 

hnmun i ty  Centre (CC), a voluntary c i t i zen ' s  organization w i t h i n  each cm- 

hun i t y  ( o r  v i l l age) .  - - I-" 
L .I 

The chief duties and functioms o f  thCIearetaker were as follows: 

as shown i n  a maintenance 

manual given t o  the caretaker. 

2. Replacing plunger cups, connecting pins and foot valves as shown 

i n  the maintenance manual on an as-needed basis. 

3. Maintaining the spare par ts  required and contact ing the Technical 

O f f  f c e r  of the loca l  au thor i t y  concerned and/or the Technical 

O f f i c e r  of  the D i s t r i c t  Development Council Aen the pumps needed 
major repairs, when there ws a lack of  spare leather  cups, pins 

o r  foo t  valve $Tappers andlor when general advice about the pump 

o r  well was required./  I - 

B e i n g  ,r:sponsi biea$r the securi  t v  of  the we1 1 and the pumps. 
hY . ; # - .'#=.: 

Each caretaker was given ind iv idua l  ' ins t ruc t ion on procedures f o r  main- 

t a ~ n i n g  and repairing A I D  hand pumps. This t r a i n i n g  sesslon usual ly  coin- 

gided wi th  the actual i n s t a l  l a t i o n  of  pumps a t  preselected, rehab i l i t a ted  

51 Each caretaker was provided wi th  one set of p ins  and cups, one foot  

valve flapper, and a set o f  tools,  inc lud ing p l te rs ,  screwdriver and an 

adjustable wrench. These were kep t  a t  the home o f  the caretaker who was 

ups, plns, o r  foot  valve were used f o r  repa l r ing the pumps, the Technical 



I s i tes  where one pump was disassenbled, reassembled step-by-step, and 

i n s t a l l e d  by Georgia Tech personnel as a d a m s t r a t l o n  t o  the caretaker. 

During this process, each pa r t  o f  the wmp m s  campared t o  the dradngs i n  

t he  maintenance manual. A second pump was then dl sassembled, and reassem- 

bled and i n s t a l l e d  by the caretaker under the supervision o f  Georgia Tech 

engineers. A t  each stumbling paint, the caretaker was encouraged t o  consult 

I 
h i s  maintenance manual. - 

The maintenance manual was ava i lab le  t o  t he  caretaker i n  English, 

I Singhalese or Tamil. I t  contatned, as seen i n  Appendix E, a descr ipt ion o f  

problem symptoms and t h e i r  remedies, and an i l l u s t r a t e d  por t fon  depict ing 

I the  four mechanical tasks o f  the caretakers: lubricatSon, cup replacement, 

p i n  replacement, and foot  valve replacement. 

I Pump Testing (Fie1 d and Lab) 

I 7 
The objectives of t es t i ng  the A I D  hand pumps manuractured i n  S r i  L a n ~ a  

' 

I 
t o  co l lec t ,  analyze and evaluate technical data re la ted t o  any problems 

associated wi th  the hand pumps and t o  correct  them quickly. 

5 
F i e l d  Testing. I n  the f i e l d ,  a1 1 defect ive, damaged or  wrn pump c -  

ponents were i d e n t i f i e d  and the data returned t o  the pump manufacturer, 

SHM, f o r  any necessary correct  ions and/or improvements. Fol 1 owi ng factory  

corrections/improvements, and, I f  necessary, r ec t f  f i c a t i o n  of the defects i n  

t he  f i e l d ,  f u r t he r  f i e l d  m n i t o r i n g  took place. Other problems, due p r i -  

mar f l y  t o  improper i n s t a l l a t i o n ,  maintenance or repa i r  procedures, were 

addressed w(th a1 1 leve ls  of the maintenance in f ras t ruc tu re  I n  the form o f  

add i t iona l  and/or cor rect ive on-site t ra in ing.  I 
The f o l  1 owing manufacturing problems and correct  fve measures were 

the f i e l d  monitoring o f  the pumps: 

'I. Anchar bo l t  holes and pump cap lbdy  holes 

i n f o d  and d r l l l i n g  j i g s  developed. 

not s y m t  r i  ca1--SHM 
u 



- Plunger rod rubbing against r9d  hole i n  pump cap--SHM informed and 
d r i l l i n g  j i g s  redesigned, 11" 4 

i ,I s- . 

. Leak a t  foot  valve screws i n  bare--W informed, screws and taps 
-IF - shortened , , ,  ''a 

4. Break i n  handle fulcrum-SHM informed and q u a l i t y  contro ins pet- 

t i o n  procedures improved. 

- T ~ ' ~ ~ w I I Q  J i 

t (i. Rubber foot  valves de te r io ra t ing  from PVC valve seat sharpness--SHM 
I informed, valve seat edges rounded and t h i cke r  rwbber used f o r  t he  

val ves. 

q< - -----I 

:5. Foot val ve screws being struck by plunger assembly--SM infomed 

. ., and plunger rod shortened by ona inch. 

?,, Pump bases leaking a t  threaded connection--SHM i n f o r m 4  bnd. 

++read4 ng process r e f  jnsd, bases assembled w i t h  seal ing t a p e .  

- ' *  --- ' --v 7 

7 P Ti , ,  
Handle broken--SHH Informed proce- .+ - 

- .. 

dures Improved ' I '  , , ,  

. . ' . , . r . 4  m - I  

-- d.-4w .1 

9. S l id ing  block wearing and causing plunger rod t o  rub agaSnst pump 

cap hole--SHM informed and cap hole elongated, l u b r i c a t i o n  proce- 

dures improved. - - ..' : .- a :- P ,.a 
It a1 so was recommended t h a t  the foot  val ve seats ( i tm 5 )  be changed 

frm PVC t o  brass on a l l  fu ture  pumps and t h a t  a l ub r i ca t i on  f i t t i n g  be 

developed t o  f u r t he r  prolong the 11 f e  o f  p ins and bushings. 

The ef fect iveness or the f i e l d  monitoring feedback was Shown h e n  a 

f i n a l  inspectfun tour was made i n  December 1981 of  the f i v e  d i s t r i c t s  where 

84 DurnDs were i n s t a l  l ad  o r  warehoused ( four  add i t jona l  Dumps were l e f t  . . . . 
a t  C I S I R  and two were l e f t  w i th  the National Housing Author i ty  f o r  an 

ove ra l l  t o t a l  o f  90 pumps). The f i n a l  d i s t r i b u t i o n  of  these 84 pumps was as 

f 01 1 ows: m;; ' - .. iH 



k 1 
I,, Kal u t  ara 

I Hambantota 

Shull  ow-We1 F 

A t  the ,, the above inspect ion a l l  pumps were found t o  be i n  goo- 

working order w i t h  the exception of  f ive.  In Kalutara one pump was found t o  1- 
IL 

be leaking s i q n i f i c a n t l y  a t  the base thread connection due t o  wear and101 - - - -1 ' 1 

poor machining ( t h i s  was remedied by resealing the connection w i t h  a j o i n t  

compound). I n  Hambantota, two deep-we7 1 pum~s were not operatinq f o r  . . a unknown reasons ( c i t i n g  previous reports o f  vandal i s m  and abus;, government 

o f f i c i a l s  were i n  the process o f  designating a1 te rna te  maintenance 

personnel ). Two other pumps i n  Hambantota were inoperable due t o  missing 

par ts  tha t  had been conffscated by po l i ce  i n  connection with a domestic 

u t e  between two v i l l age rs  (one o f  whom was the caretaker). 

I n  contrast, and by f a r  the ma jo r i t y  (74 of 79),  were the remainder of  

pumps which were observed to be proper ly maintained and widely accepted 

by users. The maintenance i n f r as t ruc tu re  a1 so was revlewed a t  the t i m e  of 

t he  inspect ion tour  and found t o  be operating smoothly. 

Lab Testing. In conjunction with the f i e l d  tes t ing,  laboratory tes ts  

were conducted wi th CISIR. The advantage of the laboratory setup ms that  

several years of  intensive use could be simulated I n  a short per iod o f  t ime 

and under a cont ro l led environment, - * q - - I% I 
The laboratory t es t i ng  began during a cruc ia l  t ime 5n the pump manufac- 

t u r i n g  phase when several ava i lab le  options i n  the spec i f ica t ions o f  the 

l ea the r  cup and foot  valve mater ia ls had t o  be narrowed down t o  those a'-' 
would most l i k e l y  give the best resu l t s  i n  the f i e l d .  A sec~ndi  ' purposc 

was t o  determine the relative wear ra tes o f  various pump components i n  an 

rl 1- 



attempt t o  pred ic t  which components Right require the most mi ntenance and 
the  greatest Inventory of spare parts .  

While laboratory t es t i ng  has I t s  advantages, i t s  use t o  pred ic t  com- 

ponent durabi 1 i t y  and 1 i  f e  i n  the f !  el d mst be qua1 i fled.  Factors such as 

water qual i ty ,  sand, sa l t ,  c yc l i c  v e t t i n g  and drying of  cups, and var ia t ions 

i n  the  user's pump1 ng strokes a1 1 a f f e c t  component ckrrab41 .l t y  but cannot be 

accurately dupl icated i n  the laboratory due t o  the wlde var ia t ion  of these 

fac to rs  I n  the f i e l d .  For t h i s  reason, the laboratory t es t i ng  was designed 

p r ima r i l y  as a screening t e s t  t o  determine hrhich cups and valves should be 

considered f o r  f u r t he r  f i e l d  test ing. 

Based on the pumping r a t e  of the t e s t  stand designed and b u i l t  by 
I Georgia Tech s t a f f  and SHM, a simulated one-yehr per iod o f  i n tens i ve  pump 

1 use could be completed i n  approximately 38 days o f  continuous operation. 
More spec i f i ca l l y ,  two hand pumps were i n s t a l  l ed  on the t e s t  stand and pjere 
operated a t  an average pumping r a t e  o f  44 strokes (cycles) per elnute. 

U t i l i z i n g  a six- inch stroke ins lde the thrse-inch lrtsida diameter cyllnder 

6; a1 lowed 11,660 gal Ions of water t o  be pumped per day. Assuming that the 

consumptfon ra te  per person i n  rura l  S r i  Lanka was s i x  gallons per day 

(determined from conversations with UNICEF/Sr l  tanka personnel) and t h a t  200 

persons re1 i e d  on one pump f o r  the1 r water needs, 1200 gal lons per pump 

would be needed dai ly. Thus, one yaar o f  actual aperatlon f o r  each pump 
could be simulated i n  the lebordtory i n  37.6 days (2.4 m i l l i o n  cycles) o f  

continuous ope r a t  ion: 

1.00 .gaJ..l,,ons used per bay x 365 darys/yea r = 438,000 gal 1 ons 

438,000 gal lons + 11,660 ga l lons  per day fra t e s t  stand = 37.6 days 

A t e s t  procedure was establ ished *ich Included base1 i ne data  masure- 

ments and subsequent remeasurements a t  various in te rva ls  thereaf ter  

depending on the component. The Item speci f led for data sreasurmnt were 

pump f low rate, valve leak rate, k l g h t  o f  the foot valve seat, p ivot p l n  
diameters, the in te rna l  diameter of the bushings and the PVC cy l lnder  l i ne r ,  



MH1 the width of the s l i d e r  block tracks. I n  the event M pu&p~h. .ure, 

i t  was s p e c i f i a  t ha t  the fo l lowing be recorded: 

( 1 )  which cmponen i~ , ,  b- V r~ 
(2) Physical dimensions of  the f a l l e d  component 

( 3 )  Probable mode of  fa i l u re .  

s t a t u s  reports were t o  be submitted monthly to  ~ l e o r g ~ a  iecn rol lowed by a 1.3 A comprehensive f i n a l  repor t  a t  the conclusion o f  the  tes t ing.  1 B:lAi 
-r Two shal low-we1 1 pumps were mounted on the t e s t  stand d ~ g c h  gave t he  

Sumps a 19 foot  suct ion head. The pumps were dr iven by a 1/2 horsepoweh 

I ' three-phase m t o r .  The t e s t  stand was equlpped wi th  an automatic shut -o f t  
7 

A system h i c h  would stop the t e s t  whenever e i t h e r  pump q u i t  pumping w t e i -  

( t h i s  was i nd i ca t i ve  o f  a component fa i l u re ) .  Stroke counters attached t o  
t he  stand were operated by the mvement of  the pump handler. Hav im L- 

I 'debugged" the t e s t  stand, the t e s t l n g  began on J u l y  8, 1981 
- 7. . 

- 
.' '*M 

'I 
CISlR released i t s  Y i r s t  repor t  on November 13, 1981 which covered the  

per iod  from Ju ly  through August 1981, and h i c h  i s  attached as Appendix F. 

The repor t  seemed t o  ind ica te  t ha t  a sa t i s fac to ry  rubber f lapper  valve had 

been identj*? ronclusions could be drawn because of  inadequate 

documentat i % ~  .- 
tw ' I A member of the Georgia Tech s t a f f  v l  s i t ed  .CISIR i n  February 1982 t o  

gather more information on the results o f  the pump tes t i ng  and t o  obtain a m i n  repar t  (xhtch proved unavatlable). Frm conversations with CIS 

s t a f f ,  it was learned tha t  the rubber flapper valve i d e n t l f i a d  i n  t i 
November 1981 repor t  had shown no signs o f  wear or de te r io ra t ion  over the 

t e s t  period. I t  also was learned tha t  bu f f a l o  hide cups outperformed 

cowhide cups by a large margin. A brass foo t  valve had been s lated f o r  

t e s t 1  ng but pre l  iminary t es t s  revealed i t  leaked t o o  much fo r  consideration. 

~evera l  bushings i n  the pump handles wore out prematurely from the outside 

-i,e., the bushings were improperly turn ing ins ide  the cast  i r o n  mmbers 

tead o f  the pins turn lng I n  the bushings. However, the handles and 

lushings were replaced and this p a r t i c u l a r  problem d i d  not resurface i n  the 

ab o r  i n  the  f i e l c  



The two fest p :* 
ps were m s a s s W 1 e d  and' inspectea crurlng tne above- 

mentioned v i s i t  t o  S r i  tanka. After seven milllon cycles (three years of 

equivalent f i e l d  use), the pumps, equipped w i th  b u f f a l o  h ide cups, rubber 

f lapper valves and proper ly f i t t ed  pins and bushings, showed no percept ib le  

signs o f  wear. It was concluded tha t  the hand pumps were of high q u a l l t y  
and should perform we1 1 i n  the f i e l d .  

As with f i e l d  t e s t  m n l t o r i n g ,  SIN was kept f u l l y  informed of the labt..ir".. 

t e s t i n g  resylts f o r  correct!ons and improvements i n  the manufacturinq - 

Prm 
..I 

a 
Well Water Qua1 i t y  Testing 

Well water qwlity tes t ing  (chemical and bac te r i o l og i ca l )  was performed 
throughout the  p ro jec t  w i th  two major goals Cn mind: 

(1) To develop basel ine qua1 i t y  da ta  (chemical and physical ) on the 
water i n  the we1 1s selected for  development, diminishing the pro- 
b a b i l i  t y  o f  developing water sources harmful t o  the  public.  

( 2 )  To monitor selected wel ls  for bac te r io log ica l  recontanihat ion 

a f t e r  &vet opment, demonstrating the effect iveness of the hand 

plwlp from a heal th standpoint and ald ing i n  the determination of 
dislnfectlon f r q u e n c l c s  necessary t o  provide safe water.  

b 

Tests were performed t o  detsr-mIne the value o f  the following parmete rs  ' i n  order t o  evaluate the potabll i t y  of water i n  each we1 1 under considera- 

f o r  devel opment : 

b &. 'Lo 1 or  

c. Turb id i t y  

d. Hardness 

e. A l k a l i n i t y  

-32- 

f. Iron 
g. Manganese 

h. Su l fa te  

i. pH 

j. Wftrate and Nftrlte 



Reg iona l l y ,  J a f f n a  had t h e  poores t  q u a l i t y  water  from a  physicochemical  

s t a n d p o i n t  w i t h  ve r y  h'7h ch lo r i de ,  hardness, and a1 ka l  i n i  ty, p r ~ b a b ; ~  due 

t o  s a l t  water  
' ' 

nd an ex tens i ve  l imes tone  sub layer .  Aside from 

h i g h  l e v e l s  o f  irc v 1 l e v e l s ,  K a l u t a r a  had ve ry  h igh  q u a l i t y  

ground water, c  

,I 6 a i e  wa te r -  wil l .  

ree .  The Kandy d i s t r i c t  a l so  had ve ry  d e s i r a -  

v I, ,,her c o l o r  and t u r b i d i t y  l e v e l s  t han  found a t  

K a l u t a r a .  The Hambantota and Pmparai were s i m i l  a r  w i t h  somc 

c h l o r i d e  ev iden t ,  i 

The Hambantota s i  

a i r '  h i gh  s u l f a t e ,  a1 k a l  i n i t y ,  hardness and iron, 
I s o  were h i gh  i n  n i t r a t e  and manganes 

A l l  s i t e s  were t e s t e d  f o r  c o l i f o m s  b e f o r e  t h e  we1 1s were rehabi  

I t a t e d .  Of t h e  39 we1 1s developed, o n l y  one we1 1  was f r e e  o f  feca l  con- 

t amina t ion  be fo re  pump i n s t a l  l a t i o n .  Fo l low ing  pump i n s t a l  l a t i o n ,  each we1 ?' 

was shock disinfected and r e t e s t e d .  A f t e r  shock d i s i n f e c t i o n ,  none o f  t h e  

.r" w e l l s  showed ev idence o f  f e c a l  con tamina t ion .  
A 

1 an at tempt t o  s t udy  t h e  r a t e  o f  b a c t e r i o l o g i c a l  recon tamina t ion ,  ar, 

t ~ e n s i v e  t e s t i n g  program was organized t o  t e s t  15  w e l l s  i n  K a l u t a r a  and e mban ta ta .  These we1 1s were r e d i  s i n f ec ted ,  then  t e s t e d  f o r  c o l i  forms 

rC* 
>prox imate ly  every  o t h e r  week. If con tamina t ion  was i n d i c a t e d ,  t h e  con-. 

t aminated we1 1  was r e d i  s i n f e c t e d  and moni tored f u r t h e r .  Records o f  con- 

t a m i n a t i o n  r a t e s  were kep t  f o r  K a l u t a r a  and Hambantota and t n e  averag 

con tam ina t i on - f r ee  pe r i ods  were c a l c u l a t e d  f rom t h i s  data.  However, thest  

averages a re  no t  i n d i c a t i v e  o f  i n d i v i d u a l  s i t e  r e s u l t s  where s i m i l a r  con- 
c k d i t i o n s  y i e l d e d  q u i t e  v a r i e d  r e s u l t s ,  perhaps from ex te rna l  i n t e r f e r e n c e s  

such as bucket d i p p i n g  o r  r e p a i r  ope ra t i ons  t h a t  caused recon tav i  n a t i o n .  

Thus, based on t h e  d a t a  and t h e  t e s t  cond i t i ons ,  i t  would be ve ry  d i f f i c u l t  -L. t o  s t a t i s t i c a l l y  j u s t i f y  an e s t i m a t i o n  o f  d i s i n f e c t i o n  f requency f o r  each 

d i s t r i c t ,  o r  even f o r  each we l l ,  w i t hou t  f u r t h e r  research.  Appendix G con- 

t a i n s  t h e  d e t a i l s  o f  t h e  chemical  and b a c t e r i o l o g i c a l  t e s t i n g  program. 

Appendix H con ta i ns  a  l i s t i n g  o f  water  q u a l i t y  t e s t i n g  equipment as we1 1  as 

o t h e r  equipment and o f  t h e  

p r o g r  an. A 



V i  11 ager Acceptance of  Hand Pumps 

V i l l age r  acceptance of the A I D  hand pumps manufactured and I n s t a l l e d  i n  

S r i  Lanka has been excel lent. Overal l ,  the v i l l age rs  have continuously 

expressed t h e i r  appreciation f o r  the pumps h i c h  they explain have made 

drawing water f r on  the m l l s  much easier. Also, the v i l l age rs  have under- 
stood remarkably we1 1 the san i tary  s ign i f icance o f  ge t t lng  water from a pro- 

tec ted  we1 1 ra ther  than from other sources such as r lvers ,  f t sh  ponds, etc. 

I t  should be noted t ha t  much o f  the c red l t  f o r  v i l l a g e r  acceptance has been 

due t o  thorough heal th  education br ie f ings by Technical O f f i ce rs  o f  the ACLG 

p r i o r  to  w e l l  r e h a b i l i t a t i o n  and pump i ns ta l l a t i on .  As a resu l t ,  vandalism 

o f  the pumps i n  the f i e l d  has been s l igh t .  

Economic Advantages ,o f  Local Manufacture 

Developments i n  indus t r la l f zed  nations such as r i ~ i n g  o i l  p r ices and 

i n f l a t i o n  have severely a f fec ted non-of1 producf ng devel opl ng c ~ u n t r l e s  such 

as Sri Lanka with even higher i n f l a t i o n  rates and Increased costs f o r  raw 

mater ia ls  used i n  manufacturing processes. Accordingly, raw m a t e r i a l s  used 

i n  S r i  Lankan hand pump production, mainly scrap i r o n  and coke, have 

increased dramatical ly i n  p r i c e  resu l t i ng  i n  higher pump production costs. 

O r i g i n a l l y  contracted a t  a p r i ce  o f  Rs 1250 o r  $79 (exchange ra te  of 8s 

15.8/$1.00) per shal low-we1 1 pump and Rs 1350 o r  $85 pe r  Bep-wel l  pump 

i n  March 1980, mater ia l  costs l a t e r  increased the p r i ce  for  both models ta  , 

Rs 2750 o r  $149 (exchange r a t e  o f  Rs 18.5/$1.00) per pump i n  May 1981. =A! 

c However, t k l s  increased p r i ce  i s  s t f l l  considerably less than imported hand 
I pumps o f  comparable qua l i t y  ( f o r  example, the Ind la  Mark I1 a t  U.S. $350). 

Local manufacture has represented mployment generation, Increased spare 

pa r t s  a v a l l a b i l t t y  and reductfon o f  f o r e i g n  exchange requirements. ( A  

current  p r i ce  l i s t i n g  f o r  pump components, i f  purchased as spares, i s  given 

i n  Table 5.) 





FUTURE APPLICATZOIIS OF THE AID PUMP I N  S R I  LANKA 

I 0 n 

The very posltive r e s u l t s  generated by the A I D  hand pump program i n  

S r l  tanka are evidenced by widespread i n te res t  from both the p r i v a t e  and ~ 
I pub l i c  sectors. For instance, an order f o r  380 AID pumps has already been 

placed by the  M in l s t r y  of Plan Implementation f o r  the Integrated Rural 

Development ( IRD) Pro jec ts  i n  the three d i s t r i c t s  o f  Kurunegal a, Matale and 
9 

I Puttalam. In addit ion, IRD Projects a t  Badulla, Nuwara El iya,  Galle, Kandy 

and Kegalle w i l l  inc lude approx5mately 600 wel ls.  A l l  o f  these s i tes  w i l l  
'-- Q 

I 
9 

1 

u t i l i z e  the A I D  hand pump. . . 
. - - .+ A substanti  a1 number o f  community we1 1s are a1 so planned under r u r a l  

a ter  supply pro jec ts  financed by b i  1 a te ra l  donors i n  1982. Approximately 

500 we1 1s are included i n  the Matale and Polonnaruwa D i s t r i c t s  under the 

DANIDA r u r a l  water supply and san i ta t ion  pro jec t .  A F inn ish project ,  also 

I -- expected t o  commence i n  1982 f o r  the Harispattuwa electorate,  w i l l  include 

300 t o  400 we1 1s. Both o f  these b i  1 a te ra l  donors have been informed of the 

A I D  pump and i t s  endorsementcby the MLGHC. 
- - .  

We1 1 programs are being implemented tft 

Minis t ry ,  UNICEF, other voluntary organikat ions and numerous loca l  and 1 

regional  community groups. As a resu l t ,  Mr. Harold Fernando, Senior I 

m ~ s s i s t a n t  t o  the secretary o f  t h e  MLGHC, has estimated t h a t  there are 20.000 - 
open wel ls  now and an annual need f o r  2000 hand pumps u n t i l  

demand i s  expected t o  increase t o  3000 and then t o  4 
onwards u n t i l  a total  o f  some 40,000 pumps have been i n s t a  

Based on the present p r fce  of  the A I D  hand pu 

$150) compared t o  the cost o f  i t s  nearest comparable campetitor ( the I n d i a  

MK I 1  a t  U.S. $3501, the bene f i t s  i n  d i rec t  savlngs Emd reduced foreign 

spending are r e a d i l y  apparent. Coupled wi th the  i w e n t l v e s  of t h e  expected 

market demand, i t  i s  not d i f f i c u l t  t o  envis ion the oppor tun l t ies  avai lable 

t o  po ten t ia l  manufacturers. I n  fact ,  a nuuber o f  p r i v a t e  concerns have + - - 
expressed a serious i n t e r e s t  i n  producing the A I D  hand plrmp I n  S r i  Lanka 1 

l- 
although no assessment o f  thetr manufacturing ca a b i l i t i e s  has been made by 

Georgia Tach s t a f f  h a d 1  
k 
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I '  Importantly, the AID hand pump 
r .' 

' st Sri Lanka to implement i t s  decade 
impact approach that alhws present 
paring for longer term design and cons 

program has permitted the Government 
plan for rural water through a rapid 

installation of hand pumps while pre- 
itruct ion of piped water supply systems 





The first step h the manufacturing p r o m  is pattern making. Scaled 

drawings are used to make wooden patterns from which aluminum patterns (above 

photo) are prepared iw durability. The cap and h m d b  patterns are more difficult 

t o  fabricate because of their complex shapes. A second pattern, which is called the 
core, i s  made to f it  the cavity of the pump. Since the core is surrounded by hot 

metal dwing forming, it must be made of a specid s a d  with a high silica content, 



-. , - -  

. - 
-- , 

m x t ,  and a m s t  irnpwtmt step, is preparing the rndds. Tf t h l s  is nl 

done correctly, a defective casting may be prduceb. Thus, a tap quality sand, 

cspechlly adapted CM foundries, must be used. The molb  are prepared by hand in a 

wooden box laid on a plank. The molding sand is then placed araund tho pattern and 

tamped until firm. 

Each mold is prepared in two halves with doubk pins (except the cap mold 

which is in three pieces), and the halves are carefully a1ig;ned to  form the complete 

cavity. A pour hole is made by puttlng a round tapered stick through the cavity and 

Inserting a paper pour cup. If a core Is being used, i~ is put In the mold befwe the 
halves are joined. 



Figure 10. Cast Parts From Mold 

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

the castings. The cores and molding sand are then shaken from the castings. 



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 b r e d ,  drilkd and threaded using lathes ~J-K! &ill 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 35-gallon 

drum of water. 



Figure LZ. Pesthg of Pump in Fwndry 

4 

Before any pumps are released from the manufacturer, they must be tat4 

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

and that the piston assembly and foot valve art prcpxly fuwticming. 
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AID HAND PUMP SHOP D R A W ~ S  
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Appendix C 

CONSTR@TION AND N 



ute 13. Typical Unimproved Well in Sri Lanka 

are not very sanitary due to %he probability of dirt and deb&, ' 

iqIs@ igtq $&& well. Ihe k$a& are also vuhnrabk to  contarninatfm by tho infib 
1 d sulhgE M e r  sr from dirty &kets wed to drm the qater. Thw, a full c w  3 

p p e r  Lining, and a hand pw$b a W m b k  arrangement M help reduce the risk & 
such contaminants. 1 



T  rep in Sri Lankan well consttuctlon was to remove any loose bric lm 
and plaster from the  inside of the well. Following this, the well was cleaned with 

the aid of a motorized pump, deepened if necessary, and relined with new plaster as 

deeply a s  possible. The headwalls were, in general, removed in order that the 

concrete base would be supported by the  gtound instead of the well lining. The slab 

formwork was then designed and condtructed for ease of removal f o l l ~ w i n  

construction. 

C. 
rYL 





A 1:2:4 mix of concrete was  poured over the wall and apron area, and given a I 

in 30 slope for drainage. A short m i o n  of PVf pipe was pplaced in the concrete to 

allow for the pump drop pipe md to prevent sullage water from re-entering the well 

from under the pump base- 





I Figure 18. Pump Pedestal 

A wooden form was placed around the pump base to form the pump pedestal. 

T h e  pedestal was poured at the  same time as the  cover slab to ensure a good bond 

between t h e  two. 



Figure 19. Attaching the Drop Pipe to a Shallow-Weli Pump I 
The AID shallow-well pump WM installed by inserting a 1 &-inch drop pipe into 

the well  platform opsning, attaching the threaded drop pipe to the base of the pump, 

and then atcurin8 the pump to the well platform. The length of the required drop 

pipe was determined by meamring the depth of the well with a weight and strlng 

f r ~ m  the well platform, allowing approximately two feet for mud at the bDttom of 

the wel l  if it were new, or one foot if it was an older we11 where the mud had 

settled. 



LC- 
& ? .  



to preserve I d e r  and to keep them from drying and &rhi&q O c a m  &ink: 
u it dried. Weer, owr an extended p e r i d  ob dorwP -. dwi&ap could occv a5 

the oil evaporated, in which case the shallow-well pump would have to be prim& 

initklly to get sufficient w&on ta bring water up the drop pi=. The pum s are . 

self priming when in operation, F~ 
C 



Figure 22. Lowering the Cap onto the Plurrp 



In order to provide prop# dr&r&e, r raised curb was formed an the edge of 

the qnsn and 3 dralnage channel ~ o r i b d .  FoUowlng curing of the concrete for two 

w e e k ,  ?he pumps were i n e d h d  arid the w d !  dbinfcmed. A manhole provided 

access to the well for pump rrmintmancr arrd well repair, but was seaied off to  

prevent inflaw of contaminated water, 



L.: The A I D ~ a @ e I l  pump required considerably more manpower for installation - .- 
* 1-'&&ti the shallow-well model. The following s teps were necessary: 

I. Determine the length of required drop plpe by measuring the depth of 

the well from the well platform, allowing for t he  length of the cylinder 

which must be connected t o  the drop pipe and approximately two f e e t  at 

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

2. Attach a full length of plunger rod t o  the  plunger assembly inside the  

cylinder and replace the cylinder cap; then a t tach  a full length of drop 

pipe t o  the cylinder Llr. 
3. AIternate the attaching of full-kngth plunger rod d drop pipe until the 

required length of drop p i p  is secured. 

Shove plunger rod entirely up through pump body, adding additional 

plunger rod if necessary, and at tach the drop pipe t o  the pump stand. 

With the plunger assembly restmg at the bottom of the cylinder, the top 

threads of the plunger rod should approach but not be exposed above the  

pump cap hole. This ensures tha t  the stroke of the piston assembly is 

synchronized with the  travel of the sliding block and prevents damage t o  

the cylinder and/or the  piston assembly. If the rod is exposed above the 
pump cap  hole, the rod should be cut t o  this length and r e t h ~ e a d e d ~  

6.  Complete the installation by attach in^ the. pump cap and securing the 

pump stand t o  the well p 1 a t f o r ~ -  I.r" 



Appendix D 

MAINTENANCE TRAINING~~NFRASTRUCTURE 



In order for any- pump program to be successful, a n  organized 

nance program must be implemented. The Ministry of Local Government, Housing 

and Construction (MLGHC) has been responsible for t h e  USAID/Sri Lanka hand pump 

maintenance program, with the majority of the work being assigned to its district 

offices of the Assistant Comrnlstiion~r for Local Government (ACLG). In e&th 

district, the ACLG flrst contacted t h e  Community Center (CC) in each ar 

preselected wells were located, and the CC, in turn, appainted a villager livi 

the w d t  to assume responsibility far the daily maintenance and repai 

pumps. Georgia Tech project f i e m e 1  then h v ~ J v e d  these viI1age caretakers in a 
d 

pdntanance training wsslon which cdncided with the actual hand pump installa- 

:,$ion. h s ,  the village caretaker was the person in the infrastructure in direct daily 
%ntact wtth the plrnps, making his duties extremely imp-. 



r l g u r e  25. Attaching Drop Pipe to Pump Base 

More specifically, at t h e  t i m e  of t h e  pump installation, a training manual was 

given t o  the care taker  and t h e  working par ts  of t h e  pump explained (using the pumps 

being installed, alang with drawings in t h e  manual). Common maintenance 

operations such as leather  cup replacement,  flapper valve repjacement,  and 

lubrication were  demonstrated to t h e  ca re taker  as t h e  f i rs t  pump was installed 

(most s i t e s  were designed and  constructed fo r  installation of t w o  pumps). The 

caretaker then disassembled t h e  second pump t o  be installed, and re-assembled and 

installed i t  with the assistance of Georgia Tech-prsonnel. 
I I - 





2 
Personnel assigned to the ACLG were directly involved wi th  maintenance 

training. These Technical Officers were instructed in the installation of 

the pumps and were t o  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. Wting Cap Assembly emto Pump Body 



Future Maintenance Programs 

The MLCHG has admirably expressed a need for continued maintenance 

support of t he  pumps installed under this project. It has also shown an interest i r  

further hand pump programs. To assure the  continued success of existing and future 

programs, a broad maintenance infrastructure has been developed (set Figure 28) 

and is discussed in greater detail  below. 

National Water Supply and Drainage Board (MWSDB). As t he  institution 

responsibk for the supply of safe  drinking water, NWSDB will have certa111 overall 

responsibilities in t he  maintenance of community wells and their pumps. Some of 

the  major responsibilities are: 

Preparation and supply of maintenance manuals, addressing both 

pump maintenance and maintenance of water  quality; 

Preparation and implementation of schemes for general and 

preventive maintenance t h r ~ u g h  local authorities and regional 

offices of NWSDB; 

3. Conducting water quality tests and providing technical assistance 

and advice regarding maintenance of water  quality and removal of 

pollution sources; 

Conducting regular inspection of pumps to ensure tha t  proper 

maintenance is performed by t h e  Community Centre  (CC) and 

District Development Council (DDC) sub-offices, and advising the  

ACLG and DDC on remedial actions; 

Making suitable arrangements for major repairs t o  pumps and/or 

their replacement. 

Technical Officers of t he  Assistant Commissioner for Local Government 

(ACLC). Technical Officers of the ACLG will have overall responsibility for 

malnterunce of community wells with hand pumps in each district of Sri Lanka. 

They will be trained in the  actual maintenance of hand pumps and in techniques of 

water quality analysis, as well as provided with any necessary manuals. Their prime 

responsibilities, however, will be  for the  proper supervision of maintenance work and 

t h e  provision of assistance t o  CC and DDC sub-offices when major maintenance 



Figure 28. C 

Vil lage  Caretakers CI 

., .a.r~m~nt of Sri Lank Infrastructure 



. I: . 1 1 1  

equirfred. Thus, arrangements can k madC'to.rnEPe spare hand pum$ 

available from the  ACLG for Installation in Ithe event  major keakdowns occur. 

Similarly, when water quality is judged unsuitable and a pollution source must be 

4 
I eliminated, these Technical Offlcers will be involved in corrective follow-up. These 

I officers will also maintain proper records for each community well in t h e  ACLG's 

office. In mat ters  concerning cornrnunity wells in t h e  districts, t he  ACLG will 

maintain liaism with N W  SDB. 

I 
C 

Techni.ca1 Officers of the  District Development Council (DDC). The Technical 

Officers of the s u b f f i c e s  of the DDC also will be trained in t he  maintenance of 

community wells and hand pumps, and may maintain a certain inventory of spare 

1, 
parts. These Technical Officers, too, will be provided with maintenance m n u a I s  

and will assume responsibility for certain repairs. t o  pumps which a r e  not handled by 

village caretakers. I 

- r p = * ,  
These ~echiica ff icers  also wlfr have certarn responsr I I & i . W ~ ~ f L s ' L c t '  

r"; to  water quality analyses performed by the  National Water h p p l y  and 'Drainar 

Board. Collection of water samples for testing, follow-up action where water - 
found t o  be unsafe for drinking, and maintenance of proper records will be functiol 

of the Technical Qfficers on behalf of the DDC. However, some of these functions, 

such as water quality control, might also be done through the  CC. 

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

D nance and security of the  community well will lie with t h e  CC, a voluntary 

community organization which is directly responsible t o  the Dtstric t Development 

I Council. A Community Centre  will name one of i t s  members (preferably one living 

in close proximity t o  the  well) as a voluntary caretaker. The caretakers will be 

trained in the maintenance of the pump and will be provided with a maintenance 
r .  

manual. The caretaker will a t tend to routine maintenance and perhaps certain 

defined minor repairs. The Community Centre may make arrangements to collect 

Witable subscriptions from users of the well to defray small expenses incurred in 

maintenance. Certsln spare parts could &a be kep% with the Cwnmnity  Centre. 



m~ CC also should have health volunteem among its members who will 

perform nealth extension work in the community concerned. Such work will cover 

various aspects of community health, especially those related to use of safe drinking 
water and sanitary latrines. For this purpose the ACLG will make arrangements 

with district health officials to provide necessary training to  health volunteers of 

the CC. 
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The 'following manual was used thmoghbut the project for training ~ d r e t a k e r s  

5 and technicians in pump maintenance and repair. The maintenance structure 
summary was established by representatives of USAID, MLGHC, NWSDB, and 

Georgia Tech. Several errors and omissions ln the manual have been brought t o  the I* attention of the contractor since tk ccmci[udm of $he project. However, i t  was 
I determined h t  the presmtatlon of tfie original manual in this report would & of 

I mere value than the revised version. - 1  R r I 
b 
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4. I 
the fbllowlalg 

1 

a) me Caretaker of the ~ O P B I D U ~ ~ ~ ~  ~ m t m  fir wid U ~ I  I d m  - 
b) !&e Oomntunits Cent= for wdla in its area . 

4) 'Ihe AmC.LeG. of  the Bicltrdut 

a) me Regional Of f loe  o? the ktional Water mu k 
hairrege Board 

- 
a laak of  mare w e  and p$m, a& uhan gsnvrel m c e  abut %he plrp or 

w e l l  i a  -red. (a1 ~ P B ~ ~ X V I  0th- then the mtrtioe rnmm&Sng 
pig  and plwrgsr atp rglaw49nt um oondderd re*$, I 

. ?r .- . d l  A ' - 2 9  L r. I L  . I .  1 1 . -  *Y$, - k: - , W H  
B d n g  -nsible for the rrecnrriS. of the w d l  and the p m  ( 

2. S e  Caretaka rdll  be dire- reepansible to ,the ammuuity Cantre 
for a wal and i t e  ptmap ($. Uhsre necmaaw there a u l d  be amther 
~ r e u e n t a t i v e  fxum the Cborwrdtf C d r a  ta p d o a  o d a i n  Pandonr  

aad& to the Carcttaker. 'Ibe uUef dtrtiaa end fuwbione of a e  Caretdrar 
ere aa follom - 

i)  Lubdoatfag thepmp ( 8 )  onawa&jrbads ar ehowain the 
maintenslloe rirmal, 

ii) Rapldng the plunger m e  and aonryotlng pi- as ebown 

in the rnainfamaae m a n u a l .  

U) I.iWktning +he do- required ard oarrtautfq the !Padmid 
0ffla.r of the Looal lpthoriv oomemd anbler the 'J!e&l&al OrZicser 

of the A.C.L.G. &en the pmp (8)  need major r g a i n ,  *.a *ere l e  

V) X-ing reaomb of pmp mai*omnoe aad maims, dkrtrrauroe o f  

rater qualiw and utilisaldon of the rdl, and whlttiag neoermw 

infomation fo the bod hhofifg. 

vi )  -4tth.f regularbaderiolo&orl tests are oaII.Ldorrf 
mmally owe per month, and fhet raports are srat to the Ommdfy 



- 
K T  b r 

1 mmx4 % a t  noxreatSVs $tape are taken drera the 

11 
baeterlologioal tesute sbaw the @lit$ of mtm to be 

w a t i  Bfaotow. 

riii)' 

re to ~lrairrfain sad opemete t&e okal axl fa propiote $fa uae d 
by the Oalsrtrrdty. 

L, Ihe aplaawrdty O d r a  will have overall r w n s i b i l i t y  far tha 

managemrnt o f  the wdl ald i t e  prqp (a), and for this parpose i t  dB 
a CaM&er and if luessar~r an wristant, to attend to the 

Inow the main seeponaibilities of the (JbnratrrPSty Cemtre am the iOZlorrfng L. 

1 
i ) m a g  that the OIlretaks~ perPom~ hirber dutf eu ;I I 

epauifid above, . d 

iii) ~ . c t h t  t h e a t o r i m t i m w e ~ l  ~ s n r i l e ~ a - 6  

dwm dwd& be taken .to atmeme a r  ellooate water to ddlanflr  

h) m m  th.t a trainad Carmtaker $8 .I*S mailable for , , 
the m i d a m m e  o f  the p m p  ( 8 ) .  

v) M a g  that water qualiw tad8  are dona reaSarlg a 4  
li 

 motive adion taka, .ad that the mrben of the < b v  

Centre are kmt informed m n g  water qualify. lii 
+ 

' a 

v i i )  Uaadng with the l o d  authority ml the A.C.L.G. in 

mattera aonaerniag the w a l l .  



I 

ca* of ~II the ~ r r u l w  ketrr i n  it. a- of autbdw in -wt 

of the a-en* of theme wdlm. b a g  i t s  mrrin ~ m a p o n d b i l l t i ~  

r crn the ibllardrrg - 7' 
+ i )  lakimg fh. neoesmam inutAtudfonaf en,ungeminfu for .thr 

amlmdfy C4ntrse to prop** manage the66 wdlm. - hrronglng for pruvirion ead aacuanting of Pl ladm &re8 

hy &ammity Csntre for thin ptlfgba* 

iii ) Providing the eemtonl of itr T d ~ a h d  QiSiaer when 

-Fed by the (bmnruniw O&-. 

iv)  Paatdm +laws -red ard fnrpleeenUag thm. 

i) Pedmiically ahrak the oogdition and opemtibllitj of 

all p-r in h i m  area of author&*, and pmvlde aqg asuimtmrre 

&red by 

ii sreurcl that dl p-8 in hi8 arm of zmfhority are operetiag 

pmpez3~. Remmmuy imtraot ioaa for thie ptuposr, all be 

I 
ieeued W him to the Oarstalrm, with oopiw to the Oomnmnitp 

Cattree. 
I 

iii ) Perform a l l  major mqmira swh as replaoglbnt of fm* I 
Valve. mere ha ham a dSffitmlw in doing thie, he dl1 gsrt 

the aseridanes o f  the re&ortsl aft lea of the R.Y.B.D.B. 

14 IPLBIIM) that maf'f~#~mnt l t ~ d ~ a  0f uaps aad cnrmeotiag pina 

are available with mah hretdcm. 

8 )  Hain Buffid& of mare part8 ard major ooorpommtr 

at  the Iaaal hthor5ty. 



in awprrot of the rrp* o f  al l  Iaorl hrtb111*# i n  fhe disfrlot i n  
m ~ f o n  uith f be p m p e  mdrrtuamm ad opmtion of the w e l l  e. In 

addition, the T e d  Offloem o f  the A.C*LrO. Will monitor the 

. will pzovide aw fsohbcal 

aadstanw when called for hy the LnW Authority o r  the A.C*LrQ., for 

the proper mdntenmwe of the wdlr Qab #e -8. It will alao 1 
tmderkeke repaim %o prnpa &era the Uwil hthodty T o a d  B f P f o ~  

rrquim su& aaebstanoe. It will elm hme overall rwpmibility for 

he qnality of mter, aad will make am-eats for -lee to be 

malid rsamrm fo b8 taken. 





E4rne.s out. 

Cause; The fmt veilva. is slrcess5veLy vom or d i r t  is a l l w i n g  
r a t e  to leak pa&. 

Bm&b:EnmZrre f- valvtt. C h  ca r4pLwe ar uec#mq. 

Rot:  If th i s  sttiratfan isr severe, the pump may reqp3xs - 
repriming dairy, Ab3 soon 861 tfie problen is corrected the  
mll should he re d i d n f  ected by the appropriate people- 

(B) The anaunt of water pump& per stroke 5s st9  

f i r m  tha p w p  mta rim. 

TIZB foot valv, 1s excessively worn or dirtyl, , 
Det a d  debris are blocking the drop pipe .  

~ehedy: (i) Bcmine the plunger cupr for excessive wear or a tear. 
Replace as nacessary. 

i t  E3camf.m the foot  valve. C l e a n  or replace aa necessary 
(fit) Pull the drop p i p e  from the well. If there La a 

chack valve on the lower end of the pipe.,check for 
d i r t  and debris. Otherwise, examine the drop p ipe  
for d i r t  and debris, particularly wbre the drop p i p e  
jofns the pump body. Remove the d i r t  and debris. 

CC) No water can be pumped. 

Cause: /3' 

(. 
Paat valve is broken or ifi stuck in open posldioa. 

,ngc e m q e  is broken or is unscrew, from plunger rod. 

Remedy: (f) foot valve, If broken,replscs. If mrtuck 
:lean or remwe the blockage. If the valve a t i l l  stidcs, 
replace it, 

(fa re the plunger cage- fe unscrewed £ram the PI-4z cod 
ar i f  the. plunger cagr i s  broken, its weight rLar not  
be f e l t  while pump-. Should the plunger cage be 
unscrewed from t b  +rescrew at tak ing care that the r d  
doesn't protrude l n t ~  w e .  Tighten the lock nut 
securely. If the p Z v  cage is brokea, reglace the 
plunger cage. 





I 
of the vice t a  grip the tab@ ' 

C 
* , . . ' -: ( 





REPLACEMENT OF PINS: I I Drive our ths connecting pins. Use a hammer 
and a block of wood or a a l d e r  obj tact l i k e  
a screw-driver. Do not use a hammer directly 
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A) 

TEST PROCEDURE - - 
THREE YEAR s m m  

t Setup 

I n i t i a l  Setup 

1) Pf31 fn the identifyiag infrrrmatZon on the  record sheet - 
for  tho components of mch pump. The type of f ootvalvc I 
and cup% f o r  each pump are to  remsfn the erne throughout 
the rest period. 

2) Install the f ootvo1v.e in the pump bases, bolt the baees 
t o  the test stand and attach the PVC drop p i p e .  

FIU. the water drums. Maintain 
red ing  s o  that the drop pipa wf 

the water 
.I1 always 

~otva lve  Leak Teat 

F i l l  the drop p i p e  with water. 

Unscrew the pump body from the 

Pill the pipe  sect ion with water 

3" pipe  se 

b )  After one b u r ,  measure the fall in the water level in 

* b  A 

5) Record the leak £la, r i t e  on the racord sheet.  

C) Zero t h ~  e t r b  counter. 

11) Rr ;rin Che Test 

A 

1) ~ e m b l c  pump, chucking a l l  jofnts and ncrewed f l t t i a g r  
f o r  tightnslrr. 

2) Secure the pump t o  the ta t  scarld and d r i v u  arm. 

3) Check a l l  couplinga and joints  on the c u r  stand for tightnese. 

4) Start the test stand mot( 

5 )  Ascertain that a11 in wo 
ao i see  or vibratiorra. 

r o ~ e r  1y with sm u . ~ u a l  



B) Lubrication Schedule 

Grease a l l  wear poinfr as per the ~ubrlcarion schedule for 
each pump: 

pmp. 1 & 2 - evmry 2 x lo5 etrake~ (manthly lubrication) 
p a p  3 - wary  5 x ld) ktrokes (weekly lubrication) 
pump 4 - every 1.2 x lo6 gtrokee (bi-yearly hbf icat ian)  

Lubricate the t e s t  srmd jolnts da i ly .  

I )  Measure the pump flaw rate every 8 hours of aperatfon. 

2)  Record the flow rate and approximate umber of strokes 
at the time of measurement. 

3)  Replacement of leather cups 
The leather cup8 are t o  be rrphced when the flow rate 
drop@ t o  50% of i t e  i n i t i a l  value. 

a) Record the nmber of stro8ae. 

b) Replace the  cups with ones of exactly the same type. 

c )  Measure the  wear on the WC liner every time a cup 
set is replaced. 

D) Footvalve Leak Test During Operation I 
1) The footvalve leak test of Section 1 . B  n&a t o  be cmducted 

at least fwr times aver the l i f e  of the valve. Ini t ia l ly ,  
the interval hrtween leak teat% if t o  be 5 x lo5 etrokes 
but may b e  altered depending on the .Ufe of the valvea. 

I 
2)  Replacement of footvalves 

If the  footvalve al lowa a l l  rho water to leak our of the 
p i p e  section in leas chap en b u r ,  the valve should be 
cleaned and tha tret rapeatd.  If the yalve cannot be 
made to  hold water for 1 hour, it is ta  be replaced with 
another valve of the same type, 

Note: During all footvslve leak tests, the joint between the 
p i p a  aection and baee ohauld be watertight. If this  is 
not so the cast results w i l l  be inaccurate. 

3) Maaeure and record tha valve mat height at 4 locatione 
around the s m t  and 90' t o  oach other. 

4 )  Record any signs of unusual waar on the valve or valve 



* 

E) One Million Stroke Teato 
- 1  

1) Heaeure ond record the mean, ., and-&*an a-ecerr 
of the following upon the c w p h t i o n  of every 1 x 106 a+--@ 

a) cap/fulcrum pin - 3 locations 

b) fdcrun/handle pin - 3 Loactmu 

d l  cap/fulcrum bus m a t i o n s  

e) fulcrm/haadle bushirip - 3 locas5mo 

f) handlrlrod bushingo - 3 locations 

2)  w-.irsu-- -d record the -"ltR of the slider blocks frar 
~ t e  t o  edge of b s elider blocks and each bqmr - 

3) Me~uu d record rl width of both slider bl h t 
on each pump at  2" intervals. 

Note: Take care to reposition contacting parte i n  ti 
position relative to  one another as before disasg P 
for measurement. 

G) Cmpcmsnt Failure 

1 )  Stop thrteotetandmcur. 

2) Record the number of strokes from the stroke counter. 

3) - - R ~ w e  I the fai led component. 
-..--I 

I Rscord: 

) Whlch component failed. 

) Physical dimensioor of f a i l e d  component. 

-c) Probable mode of failur t 
5) Replace the failed component wlth another of exactly ttre 

aame type. 

6) f f the fai led cowonant r the footvalve, repeat the leek 
test and record tke la& f lm rate. 

F 

7) Reassemble pump. Fasten t o  test s t a n d .  

8) Measure pump flow rate if  failed component 

9 )  Continue with the res t ing .  



8) T e s t  Continuotima 
Continue with the test  rapeating the  above tests at  the $, 7 . 
prescribed intervals until 8 x lo6 atrokes are camplet . 

1x1) Test Reporting 

Status Reporta 
i . Brief status reports on the etstus of testing are-to Be ! 

s u b d t t d  to  Georgia Tech on 9 monthly basis.  

B) F i n a l  Report 
At the conclusion of testing, a final report w i l l  be submitted 
to Georgia Tech covering all phascr of the t e s t .  Included w i l l  
be test setup, t e s t  methods, and t e s t  results with appropriate 
tables and =ranha. 
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u 
1. CHOICE OF HAND PUHP FOR RURAL WATER 9UPPZY 
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A t  the request SAID, Sri Lanka, a testing program on 

Hand Pumps was initiated at the Ceylon Inctitute of Scientifi, 

and Industrial Research ( C I S I R ) .  These pumps a r e  manufactured - - . ,  ,WTT 
in Sri ~ a n k a  by Messrs. Somasiri H u l l e ~  Manufactory d 

18, Parakrama Avenue, Kohuwela, N u ~ e g o d a  

The testing procedure -aid down by Georgia Technical Research 

Institute ( G T R I ) ,  was a d o p t e d  to study t h t  

* performan 

* wear and t e a r  

* necessarv alterations and modifications 

and * operating problems 

n f  the  hand pump.  

This report gives the results of a three-month monitoring 

4 - v -  ' 
6 i a  the intention of this interim report to inform the 

reader - technical a 9  well as non-technical - with facts and 
figures about the tests carried out at this Institute. 

. caorcg OF HAND -AM----------- PUMP FOR R U R A L  WATER SUPPLY 

T h e  selection of a Hand Pump for R u r a l  Water Supply purpose6 

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



o f  Hand Pump w a s  e v o L v e d  a*  

1 

L rec 

r e c i p  

P r i n c i p J e  of Operation ---- 
iprocatlng pump consists 

t h e  best: 

&tting c y l i n d e r .  ' ;>:<=-< . . -:- -, 

. L 8 i& ,wrJ-  r 

l B w a r d  movement of the piston ( s u c t i o n  e t r o k d  forms e 

, - : t i a l  vacuum in the  cylinder and the atmaspNcr ic  pressure 

f o r c e s  t h e  liquid in r h t  sump i n t o  t h e  c y l i n d e r .  T h e  

8 u c t i o n  and the d i s c h a r g e  o f  the 1fdu3'd i s  concrollcd b y  

an inlet v a l v e  and an o u t i e t  valve- 

3 
The theoreticai ,auction h e a d  i s  limited c -  10 .3m o f  water 

i f  the atmospharic p r e s s u r e  a c t i n g  on the sump i s  1.03 kgf/cm' 

In p r a c t i c e ,  d u e  to the separation of vepoure, the suction 

a e a d  i s  l i m i t e d  t o  7 . 7 0  metcr (for water). 

The performance of t h i s  DU 
-I -1- 

is g i v e n  i n  t h e  form of 

c o e f f i c i e n t  of d i s c h a r g e .  -he ratio of t h e  ectual d i s c h a r g e  

Q,to t h e  theoretiedl d i s c h a r g e  Q i r  c a l l e d  t h e  



Theoretical d i s c h a r g e  

m 

T h e  volumetric perforpan= of the 

d e n s i t y  o f  water 

Area of  t h e  p i s t o n  

The s t r o k e  

number of strokes per s econd  

A c t u a l  d i s c h a r g e  

volume ------- 
I 

!_w_el?L-, 
v a l  

S r i  Lan .---- 

vblume d i  schargsd --------------- 
u m e  swept 

The Hand Pumps t e a t e d  a r e  being manufactured in S r i  Lanke by 

Messrs. Somasiri Huller Manufactory, according t o  s p e c i f i c a t i o n s  I 
p r o v i d e d  by the G e o r g i a  Technical R e s e a r c h  Institute ( G R T I )  

of USA. 
I -h 

Technical Data  - 
---. A 

TYP : H e n d - ~ ~ & a t e d  single - Reciprocating pump 
h -.r ' 1 -. 7imk dLI 
~ e ' i g h t  above  g r o u i d  level (42") 1066.8 ,m 

Weight  kg 
/ .' 

Bore;: : ( 3 " )  76.2 mm 

Stroke ( 6 " )  152.4 .mm 

C o e f f i c i e n t  of d i o c h a r g e  0 . 6 3  I n  
1 



"c 4 

hr - t L: 

Test S t a n d  
'.'H+ - 

J - T - .  I A' * r 

TW pa , r e  f i t t e d  on t h e  T e s t  Stand. T h i s  Test S t a n d  
'1 1. .- w t a  mounted on an e l e v a t e d  platform 8 0  a s  to m a i n t a i n  a - 

suction head of 19 f e e t  ( 5 7 9 1  cram). B o t h  pumps were 

d r i v e n  b y  a - 0 . 5  HP E l e c t r i ' c  Motor. A etroke-counter w a )  

f i t t e d  on t o  t h e  p u l l e y ,  w h i c h  warn r i g i d  -r connected t o  

t h e  pump h a n d l e ,  t h u s  eliminating any  f a l s e  r e a d i n g r  due 

t o  s l i p  in t h e  transmission. ?ha pumping rate was 40 - 4 d  

strokes p e r  minute. The variation of the stroke wee mrinl] 

d u e  t o  the s l i p  of t h e  d r i v i n g  b e l t . .  

2.3 T e s t  Procedure -- 
The t o t a l  p e r i o d  of testing for  t h i s  intetim r e p o r t  was 

f o u r  ( 4 )  mont.hs (July - Auguet, 1 9 8 1 ) .  The a c t u a l  operation 

p e r i o d  w a s  three ( 3 )  months and one ( 1 )  month M a s  the t o t a  

t i m e  involved f o p  periodical ~ ~ a r  rrreasurem . T h i r  t e n t i a n  

period s i ~ u l a t c s  3 years ectua? r p e r a t i  t o r  200 u s e r s  

a t  s c o n s u e ~ p t i o n  r a t e  o f  - gallons ( 2 2  7 

y .  D u r i n g  t h i s  period t h e  pumpr 

,-,res) of water pier 

1 n e  4 . 1 0 ~  rtrokmr 



4 

d 
I 

and e x a m i n  

r e p l a c e d .  IF 
r 

4 I puGp N o .  1 w a s  l u b r i c a i e d  a f t e r  e v e r y  0.10 s t r a t e s  and Pumv - 

I 
- t 
5 No.2 a f t e r  e v e r y  2 . 1 0  . 

2.3 -- E v a l u a t ~ o n  o f  --a Test 

The f l o w  rate as a function o f  t h e  .monitoring period i d  

seen in figure 1 .  T a b l e  1 ,gives Berails w i t h  rerjerence 
'+i - 

" - .i->z "--*'" - 

-.. 4 I 
- A  

t o  operation times and flow rates of <be p u m p s .  f h e h ' f a i l u r e s  

and the a d o p t e d  r e m e d i a l  measures are given in Table 2 .  

The brasa Eqot v a l v e e  supplied with t h e  pump f a i l e d  d u r i n g  

t h e  t e s t .  The v a l v e  s e a t s  and weights were m o d i f i e d .  

The original rubber_  f l a p p e w e s e r e p l a o e d  with f l a p p e r s  

developed a t  the C I S I R  o u t  of n a t u r a l  r u b b e r  with a hardness 

of 60+ - 3 O  (shore A ) .  The f o r m u l a t i o n  of t h i s  rubber compound 

i s  a s  follows : 
Components --- --- 
Rubber 

Parts by wt. -- -- 
100 

Stearic acid - A ,.1 

S R F  ( c a r b o n  black) .% 

W h i t i n g  3 

A n t i a x i d e a t  ( I F P I ) '  ' a .  3 



Santdcure  HOR 

TMTD 

S u l p h u r  

A r u b  

rabb 

1 in 

kncsr 

lar flappers w e r  

s e r v i c e .  They were replaced w i p  f l a p p e r s  

5.r r flapper of t h i c k n e s a  0 .16" with a ma a 

diameter 1 7/8" and maximum weight 1 1 5  g a s .  (Total w e i g h t  

!.a of t h e  moving p a r t s )  w a s  u s e d  in the  pump So. 2 ,  while a 
I 

h A u b b e r  flapper of a d i f f e r e n t  t y p e  ( c m m v e ~  r e i n f o r c e d )  
I rn 

I h a v i n g  a thickness of 0.20" and s i m i l a r  weight, as u s e d  i n  

Yg 
pump No. 2 , w a s  fitt'e-u- t o  t h e  Pump N 

I t  was observed t h a t  after three ( 3 )  &pplieations of 

lubricant (grease) [ e v e r y  5 r l o 4  strokes in the c ~ r e  o f  

Pump 1 and every : o 5  strok i n  the c a n e  of Pump 2 1  the  

g u i d e  ways and r l l d c   locks any need for fur th l -  

m i v o t e d  points was, however, not possible. 

,., ..ater used for the test bad a $H of 6.3 and r c ~ n d u c t  

f 100 d i o n i c .  units. 

'I 
1 

The f i n a l  report  o n  this t e s t  program is achedaled for 

~ + ~ h s c  t h e  end o f  0.10 
6 

L 



4 ,  FIGURES AND TABLES 
c - . . l  - 

I S  - 
T A B L E  1 
--a- 

0 eration Times & Plow Rates 2 ,---------- 

of t h c  P u s  

-- -- _I- 

I 
Operating Tiae (hrs) Pump Flow Rate 
p e r i o d  - U.S. gallon/min. 

of 
operation   or attention 

(measured a t  the end 
o Z  the testing p e r i o d )  

t o  repairs 
and f a i l u r e s  

- - - - - c - -  - -C__ ' ------- 
I. 

pump NO. I Y Y ~ ~ P U ~ ~  NO. z 
-- -- 

I 
#(O - 1 x 1 0 ~ )  48 10 - 9  10 . 6  t' 1 
I g a  r 
(11) 1 l o 6  - 5- 

- I 
2 x 10% 1 

6 ( 2  g 10 - 

6 ( 3  x 10 - 

--- ---- --- - p" ' 
A -+ - I?I= -. - 

V S  Gallon 3 . 7 9  l i t r e s  - - .  A - 4  - 1 ,  - "A 



I - g' - ' * . a  

TABLE 2 
, , . .. .a 
A m u r e s  and Remedies during Test Period 

No. of strakes Failure Rerned y - 
After 300,000 s trokes  the foot  
valve of pump No. 1 and :were 
modified with : 

* Valve seats having round edges 

* Rubber flappers of better  q u a l i t 1  

* Weights of larger dim@ter 
equal to the external diameter 
of valve s e a t s .  1 

This action was aboiaea o 
increasing the diameter o$ the 
passage by boring a t  

* a f ~ e r  1 ,000,000 r 

* a f t e r  3,000,000 s 

Beplaced wi th  e simi 

. . . . . . ... ...- :. .a 
Testing was continued by 
the b e g i d  rod with  a new plunger 

F e i i e d  r o d  was replaced w i t h  a nei 
r o d  and fixed t o  the plunger w i t h m  
leaving a gap of reducad d l m r e r  " 

above the checknut. 

F.xce8~ive tightneaa of the Cups were replaced 
- - d -. plunger. ( Eccentr i c i ty  

k- between the periphery and , 
the bore of the leather cups.? 

rod o f  pump No. 1 todified plunger rod was direc t -  
a t  the lower end, ;crewod t o  the plunger without  

checknut. 

FJ t 1 

r 





Fi1181 Report 

a- The final report from CISIR has not k e n  received as d this printing. 
.. final report will be made available for distribution when it has been received b 



Appendix G 

WATER QUALITY 



, ':! l f  
p .  * c  

y. 

*" .. Ch.@mcal -- Test Paramterg 
- ,  

The sanitary a&nifLsncc of cacti of the chem'hf IW parameters c a n  tu n -1 

W d J y  sumrn;u;M w m e  
, * I ;. .g- / 

: . ' - *. ~hlb?i&*m ih all natural waters h v q h g  c-~atbru can be 

I .- '  
as a measure of salinity. A bra&!& taste can result frm concentrations 

- . ,  r ~ t i n g  from ld0 to 2% parts per million ~PPM~. A b ,  a high concentra$bn may M 

I ':-\: &-+__.: :, &indicator of possible pollution from sewas mu-. A high chlwide content also 
&em B deleterious effect en metallic pipes an&~trwtures. 

. , 
- : 

COIQF* Color is general& attributed to disso!ut i~  of arganic~.rnaterials and 1s nM - 
directly tied to pathogens or toxic substances Although noticeable above 5 units, 

f- LF mly  mlor above 15 units bg usually aesthetCIlJy unacceptable. 

iH 1 urbidity. Turbidity is &a h ,mame of aesthetic, rather than sanitary acceptabil- , 

'I +- , 

ity. In ground waters, b w w e r ,  a high turbidity level may indicate inadequath 

potection from surface wash and gosslbtc bacterial contamination. Sparkling clear 
a 

. 1  
+ 

I ' 

water implles o turbidity df than one unit, while watets having up. to 25 units ok 

turbidity may be ~cccptar&~ deptnding on the consumurs. 
! \ rn --m, 

1 Hardness. Hardness is often &scribed as the ability of wakr to $ ~ p h t a  soap. It 

is a m p i w e  of the wncentrations of calcium and magnesium ipns present. 10 

I 
' * g-water softer than 110 PPM'(C~CO~) )b aggggredve and w i ~ e r r  in mess of 8(! 

PPM t m d  to s o r p r  ~xcessive hardness (above 1% PPM C ~ C O ~  conrribud 

tu dic defarioratlp of fabrics snd can a£% the growth o; colifam bacteria. . - 
I I ,  I I 

- .  
i '4 Alkalinity, Alkalinity is desqrjbed as the ability of water to neutralize acids It  haf , % .  

little &hW. significance; however, cmcentratlo~ in pxcv gf W)O W M  may , -; .$ 
cause corrosion of Sron pipe. Highly alkaline daters are alsa unpalatable. 

1. 

koh. Iron is present in mast $roundwaters. I t  has little he& signWamce*.but i$ - 
emcentrations greater than 0.3 F+F%'it can impart a brownish color to knw.' b 
excess of 1-.0 PPM it can came an unpleasant taste and a bhish-black cobr @ coffee 
8rrd t t ~ .  rl 

I. I 
I .  - 

M~JWPMIL.. Mangmese m1m m& to stain laundry md plumblng f!&r&s. d . .% 
qmcentratislpr oi greater than 0.5 P W ,  it can glve whter M aesthetieaI1y . 
umrcsptalrk turbidity, and turn tea b W .  I t  has little if any health significancs, 
but in concentrations greater than 1.0 PPM can give a metallic taste to water. ; 

4 I 



Sulfate. Sulfate in excess of 250 PPM has laxative effects an humans and anirnab. 

;Sulfates can be organically reduced to produce hydrogen sulfide gas with its 

associated odor and corrosion problems. Hydrogen sulfide gas is extremely 

~oisonous and can also be ex~losive. Combined with chloride and alkalinity data, 

sulfate gives a measure of corrosive poterytjal: 

2- ( ~ 1 -  + SO4 ) (rngll) 
Corrosion Ratio = 

Alkalinity as CaC03 (rng/l) 

Waters wlth a corrosion ratio 0.1 are aggressive. 

Nitrate. Nitrate concentrations in excess of 45 PPM can cause rnethemoglobinemia 

("blue babies") when they a r e  converted to nitrites in baby diets. Natural waters 

generally contain nitrate; concentrations greater than 1.0 PPM may indicate 

pollution from ftrtili=rs or organic matter. 

Nitrite. Nitrite, an intermediate oxidation stage of nitrogen, is  produced during the * 

natural conversion of ammonia to nitrate. EVM in sewage treatment effluents, 

seldom appears in concentrations of 1.0 PPM because it is rapidly oxidized to *h 
-?rate form. Its concentration in natural waters rarely exceeds 0.1 PPM. 

Chemical Test Results * 
The chemical test results by well Pnd by regional av-ege are premted in 

Tables 6 through 10 and Figures 29 through 31, respectively. 
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W.H.O.  
STANDARDS 500 200 50 25 1 . O  0 .5  600 400 0.10 45 6.5-9.2 

Ethgalmulla 1121 fri 484 111  25 10 0.02 0.15 4.4 7.3 0.003 1 . I  
7/21 181 284 144 40 6 0.15 0.40 - 21 0.005 36.0 7.0 

Ralua 2/11/81 - 242 0 Q 3 9 60 Ck.061 9.0 7 -2 O.Q5 0-3€l 
7/21/81 266 190 0 0 0.05 0.30 - 65 0.008 14.2 5 -4 

Panbureva 2/21/81 146 128 55 50 0.03 0.25 34 16 - . .  .O.wS 0.7 6 -6 
7/21 181 148 144 40 6 0.11 0.45 - 10 0.010 29.0 6.2 

Oluara 2 / l  I /a1 - 43 30 3 0.03 0.40 2 1 0 0.002 0.9 6 . 2  
7 / 2 1 / 8 1  62 510 0 0 0.05 0.50 - 5 0.010 48.0 5.5 

'L3amsnel i y a  2 / 8 1  - 1  3Q 0 3 0.10 0.40 3 3 2 0.000 1 , I  5.6 
7/21 /81 37 50 0 0 0.05 0.20 - 3 0.005 44.0 6 .? - 

Kar~cnetiya 2111j81 - 325 110 35 0.35 0.25 163 11.0 0.003 6.3 6.B 
'7i29tB1 180 225 1 00 30 0.00 0.20 - 15.0 0.010 32.0 6.2 

B 
Lahuhswoda t f z l / a l  1% 162 20 o 0.04 D.OD 16 6 0 . a ~  1.1 6.5 

7/22/81 1 36 143 50 15 0.07 0.00 - 7 0.008 16.5 6.4 

Wedelepitiya 2/21 181 262 266 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 - 9 0.005 42.0 6.4 

Julampit iya 2/11/81 - 210 0 0 4.02 0.20 65 18 0.002 0.8 7 .O 
7/22/81 183 207 25 I0 0.08 0.3 - 8 0.007 39.0 6.6 

Sndrawewa 6fl7l8l 466 _a 3QO 10 0 0.10 0.25 342 I50 0.007 1.5 - 
.t 7/24/81 1000 370 45 18 0.07 0.20 - 220 0,005 39.0 7 .O 

b 

? .I. 
- 1  

-2 
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Nitrate and ~i t r i t i -  Regional Averngw 

Bacteriolo~ical Monitoring 

All sites were tested for coliforms before the wells were rehabilitafed. Of the 

39 wells developed, only one well was free of fecal contamination before pump 

installation. Following pump installation, each well was shock disinfected and 

retested. After shock disinfection, none of the wells showed evidence of fecal 

contaminat ion. 

The shock disinfection methud, described below, does not provide a continuous 

chlorine residual. Although the weU structure is designed to force the sullage water 

t o  filter through the soil layers and re-enter the  well only at the  bottom, the 

continued safety of the water cannot be fully assured. 

cxperlments in Sri Lanka, as well as in other Georgia Tech hand pump 

programs, show that well recontamination eventually does occur. The source of 

recontamination can be attributed t o  one or a combination of the  following: 

1. Bacterial travel through sol1 from some external source (latrines, fish 

ponds, other water bodies). 

2. Removal of manhole cover to  gather water with buckets if long queues 

for water arise. 

3. Recontamination during pump repair--the pump components may become 

contaminated or contaminated water may be introduced during repair 

operations. 



- = =  

1 
4 Improper weU xal-the base of the pump, the well casing, and/or th&. 

apron may be leaking. 

I t  is often impossible to isolate a single source of recontamination. In general, 

however, the most difficult source to con.h-01 is the  bacteria traveling from latrines, 

In an a t t empt  t o  study the  rate of recontamination, an intensive testing program 

was organized to test fifteen weib in Kalutara and Hambantota. The test si tes  

i- chosen and their outstanding characttristics e r e  Jisted in Table 11. 

These wells were redisinfected, then tested for coliiorms approximately every 

other week. If contamination was indicated, the wells were rd is infec ted  and 

monitored further. For this purpose, local governmt  officers in each district were 

i instructed in sampling and dlsinftction methods Sismplcs taken by the  Technical 

%Officers of the ACLG in the districts were delivered immediately to the chief 

chemist of the National Water Supply and Dralnage b a r d  (NWSDB) in Ratrnalana4 

The samples were analyzed fm coliforms using t h e  multiple tube fermentation 

confirmed test method. Results of the intensive testing program a r e  summarized in 

Tables 12 and 13. rn IW 
Examination of the data with respect t o  the characteristics listed in Table 1 f 

shows no definite correlations between latrine distance from well and r a t e  of 

recontamination. Neither a n  correlations be made with well depth, raised headwall 

vs. ground level s t ructum, w other water  bodies. 

In an  a t tempt  to establbh a regional disinfection schedule, t he  longest an b 
shortest periods before r e c a m i n a t i o n  af te r  d b i n f e c t h  for each well s i te  in the 

region were averaged. h Kalutara, where the  soil is mostly sandy clay, the average, 

longest contamination-free perkd was 7.5 weeks, and the  average shortest  perio I 

was 6.3 weeks. In Hambantoe ,  with mostly clay 4 clay sands, the  average longest 

Soil types for each district  urc summarized at the end of this appendix. 

i1 
and shortest  periods between recontam inations were 4.3 and 3.1 weeks, respectively. 

hdividltal sites under sirn&r condithr yield quite varied results, which m a  9 7  
be Mkative of external interferences, such as bucket dipping or repair operations. 

Therefore, based on the data and the test conditions, it would be very difficult to 

statistically justify a n  estirmtiarr of a dlshfection f r q m n c y  fw each district, or  

even each well. However, b a d  p r ~ t l y  on the avwages of data fw this test, a 

disinfection frequency of three we& in Hambantota deems reasonable. The trends 

shown in the! Kalutara Dhtrict defy r e g i o ~ l  averaging. 



Ukwa tta 
Liyanag @a 
mUessegama 
Btbgalnrulla 

Table 11 

:, pa;- 
Latrlm' 

'c;m'; k Diner 
Distance Water - 

el1 Type R F t Bodies - - -- i 

fia i s e ~  
Ground 
Ground 
Raised 
Raised 
Ground 

Raised 
Ground 
Ground 
Raised 

Z5 -0  120, 125, 125 
14.6 120, 150 
8.0 None 

21.5 100, 115, 150 
16.0 200 LL$ - 
12.6 90 Bathing Well a t  

95 ft. 
L9.5 1 2 0 , 1 8 0  
U.5 150, 175 
10.0 100, 150 
24.5 None Rice Paddy at 75 ' 

Ralua Ground 
Panbu rawa Raiseti 
Oluara Ground 
Namaneliya Ground 
Satamet iya Raised 

Sane Clays 
$aN$y Claye 
m Clays 
lSandy Clays 
6andy Clays 
Ssuady Clays 

Sandy Clayra 
Sandy Clays 

29.0 240, 300 
23.5 None 

Clay 
k : p ~  -T -- W , c l a y ,  sand ..m 

25.0 200, 300 ,-- c lay ,  sand 
16.0 None I. A &en Well a t  50 f t . Clay, Sand 
39.0 120, 160, ~ O O  Clay, Sand 



BACTERIOLOGICAL TEST DATA 

Dish- 
Test nates fectian 
s i t e  l r n 6  ' 7/23 7/30 Dates 3 

w- 0 . ettawa East 
Vettawa West 2 3 

)dapaligoda 0 
Liyanagoda 13 
Adhikarigoda 0 
Ukwatta 0 
Bollessegamz 
Serupita v7; a ., .- 
Matugama A;G.A. 0 

mi. , - r b  Test Dates 
,r'3bi -. . i Site Name 8/6  8/24 $/? 9/16 10/6 10121 

Disin- 
fection 
Dates 

~ a l u i m  -0 0 
Ethgalmulla 13 0 0 

1 600 0 Panburawa 
Oluara 0 0 
Namaneliya 13 0 
Karametlya 1600 0 0 

39 0 5 0 
2 3 0 0 11 

ported as a Mo,. Probable Number &@ &&-. -- 



Inrpetiiately folhwing pump installation, each well was shock disinfected witti 

ly $vafrl&le 35% bhnching pawder. The basic procedure was as followsc 
- - 

,- - 
d l .  The water volume was determined. 

The m u n t  of chlorine needed to  produce a 30 PPM solution was 
Table 14, 

dissolved in a 

we11 were hu! 

,es were tied 

budtct and poured 
ahed down with the 
down for a peria 

 to the well. 

erong solution. 
of 24 hours t o  

7 - '# fl.*. wells were thm checked to aswre a chlorine residual below 3 
5 L .  c. PWh tind sampled for bacteriological recontamination. 

Table 14 

t- AMOUNTS OF CHEMICALS REQUIRED FOR A 
STRONG CHLORINE SOLUTION CAPABLE OF 

rcll DISINFECTING WELLS AFTER THEIR CONSTRUCTION 

db51Bc"'-'- 
, - --, r 

IEr -  < y . , , p g  - --; -. . L t , -h t v:. - - .  -41 s 
~g Powdm Water 

(g) (m3) 
Bleaching Powder 

(2-35s) (g) 



Regional Soil Types 

Kalutara 

U;lly terrain - red-yellow podzolic soils with soft or k d  laterik - 
drain-" 2 ,  acidic, depleted of co11oids and iron. 

Hambantota 

Undulating terrain - reddish brown earths and solodired salonetz - & 
drainage - hilly terrain - reddish brown earths and immature brown loans - ' g o d  
drainage - sand, silt, clay mix - flat terrain - alluvial soils of variable drainage 9# 
texw- 

b Kand y 

Mountainous terraln - rea-yeaow p w z o ~ c  soils and mourtiih regosoti - 
ahage - azonal soll, low slllca, low content of primary m h u k  

w ' I  - 
re at temregoso~s on recent beach and rand dunes - aronai soil or. 

4kcmsolidated deposits -- flat terrain - solodized solonetz snd soknchaks - poor 
drainage, highly alkaline, intrazonal soil. 

Jaf fna - 
Flat terrain - calcic red-yellow htosols - go@ draiMge, clayey, characterized 

by low silica. 

19i Irrigation Department. 
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EQUIPMENT, MATERIALS AND SUPPLIES DONATED 
OF SRI LANKA 

The following equipment, materials and supplies were h a t e d  to M L G K  
n project termination. 

. 

Water Quality 

1 Millipore Filter Ki t  

I Millipore Incubator 

Hach Direct Reading Envlrmrnental laboratory 

Chlorine Residual Kits 

Small Spring Scale 
Two Liter Boiling Flask and Neck 
Cylindrical Flasks, 500 ML 
Squirt Bottles, One Litre 

1 ml. Pipets 

5 ml. Pipets 

Sample Bottles 

Filter Dishes with Pads 
2 ~ j  Millipore Filters 

1 Flash-0-Lens 

Chemicals For k c  ter ia Tests '4Milliparc . 
- 

M-FC Broth - 200 Grams 

Sodium Hydroxide - 500 Grams 
Potassium Phosphate - SOO Grams 

Chemicals for Hach DR-EL 1 

- 
Amino Acid for Silica 100 

Dissolved Oxygen I 
Dissolved Oxygen II 
Dissolved Oxygen III 
Citric Acid 



BCG Mdhyl Red, 140 
~henolptha1ei.n , 100 

~rornophenol Blue - 100 

: m v e r  (~ardness)  %- 25 
I 

Perrover (ken) -. 13 - 
.Sodium Feriqlate for. Mn 
DPD 
biphenyl Catbamne 25 

Sulfaver IV 

Ni tr iver \r 

Nitriver III 

Zitrite Buffer for Mn 
H2S Test Paper 
Phosver 111 

Cuver I 

, Dithiver for Metals 
' -buffer p~ 4 

' Buffer pH 9 - - I  

Hardness &Iff er 
Wssler Reagent 

Potassium Cyanid6 
Sodium Hydroxide, 5H 

Magnesium Sulfate Chloroform 
. P A 0  Sodium Hydroxide, 3.61N 

To& and Hwdware 

2 Screwdrivers 

Ir 1 Pair Vice Grip Pliers 

2 ..;Pipe Wrenches 
- r X " Hacksaw with Spare Blades 
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