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I)M! MOLXI-JOB D.iO Vj;%jfi'O

51 X 40? mm. (2!t X 16" para tubo de 1-1/4"

ae.iracios i-;u

6*, X 407 ma. (2^"XlG"/"para tubo d9 1-1 A " y l^1'
( /76 X 407 (J" X 16" para tubo do l-l/2 ' iX2' i)

/

»
700,0076 X 407 ma. (J X 16 pa ra tubo do l - l / 2 X 2 ) 700,00

69 X 407 mm. (3}'?:!"X 16IS p a r a tubo de 1-1/2" X 2") " 880.00
X ( " il!) » 6

9 3 p /
102 X /JO7 mm. (/!•". X 16" para ti:bo do 2" .£ 21il!)
127.X /|57 ss2. 'V5!; X 18" pa ra tubo do 2-1 /2 y 5")

YAliVULAS DK P I E

'•32 mm,
3 3 ram.

» 960o00
i! l t260.QtJ

34,00

tt

n
11

33.
4 0 .
60.

60
60
20~

>l/4")
,1-1/2"

1 64 Eia. (2 -1 /2" , , ^ y .
' 76 xma. ( 3" ) " 12^.00

VAKILIA GALVA3I2ADA (Roladas en Prio en 3 metros de largo)

11 mm, (7/16"
13 sua. ( 1/2"
16 mm. ( 5/8"

Nota? So suninistran con SUG rccpectivoo copies.

C0PL3S PARA VAHILLA

" 11 Eim. ( 7/16")
13 mm. { 1/2" )
16 mm. <k 5/6;! )

REDUCCIO2IE3

De 13 a 11 urn. p c 1/2:: a 7/16")
De 16 a 13 mni. \±)3 5/8 ! : a 1/2;: )
• ^ ^ ^ / ^ 1 " » ^ . . ^ f - r ^ - . * - / o * ) „ r i / i / t i l

j j e iO fi. i i . ilLllls \i<W ^>/ O £ if JLO /

GRAPATAPAS,

152 ram. X 25.52 y 33 mm. (D ! : X l " 1-1/4" y

3.10
3.80
-4.90

4.90
7.50
7.50

254 ma. X 32 v 33 rnrr-
P-i, X 51 v 6± nn .

(10" X 1-1/4" y 1}^" )
(10",3s 2« y 2^" )
V - L ^ " A X — X / - r • ^ X>P." y

11

i i

It

1t

l (

103
110
131

• s - ^ 1 .'

.00
eoo
.00
.00

<"\ /%

J' +i\J - 1* W J w%̂ ' v i i J ^11^^" Li i l
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CALLE S3 No. 1
APDO. POST. 724

'-TABRICANTES DE:

N/iolinos de Viento

Guimbaletes

Cilindros

BOMBAS
Tlpo Turbina

iievcdoras

Cantrffugas

Autocebantes

Iiioto-Qombas

Portatiles

"isiacionarias

Caseras

As^eraoras

Fumigadoras

3ERVICIOS:

Galyan;*ado

FUNDICIONES:

Aceros Especiales

Fierro Gris

Cobre — Bronce

y
Aluminio

EOUIPOINDUSTRIAL
; Y MINERO

CHIHUAHUA. CHIH.
TEL8•I

2-86-72
2-5O-64
2-32-57
2-26-77

GUIMBALETES "MOVISA" (Pumping J a c k s )

LI'STA DE PRECIOS EFECTIVA AL l o . LE ENERO DE 1 9 7 1 . °

MODELO

13 M 9 •

+ 19 M 7

19 M 12

+ 25 M 9

25 M 12

50 M 12

+ 50 M 18

100 M 18

+100 M 24

PRECIO PUBLICO.

3 3,750.00 /

5,975-QO

9,500^06

9,950.00/

12,150.00

12,500.00

18,700.00

18,975-00

+ Se surten sobre pedido a 30 dias aproximadamente.

Precios sujetos a fluctuaciones sin previo aviso.

Esta l i s t a no inoluye contra-pesos ni motor.

L.A.B. Chihuahua,Chin.

" M'O V I S A •••

HOTA: Eata lista cancela nuestras anteriores.

Registro Patrimonio Nacional 2889I

lg1
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I: CAL.L.E 53 No. 1

APDO. POST. 724
CHIJHUAHUA. CHIH. I 2-66-72

TPLB < 2-5O-6A
TEL.S.-S 2-32-57

( 2-26-77

V

4
. (s, \

-^ ' :

"T. : r

t . •

FABRICANTES DE:

Wolinos da Viento

• Guimbaletes

Cilindros

BOMBAS

T!po Turbina

Elevadoras

Ceritri'fugas

Au-ttcebantes

Moto-Bombas

Portatilcs

E'juicionarias

Aspersoras

Fumiqadoras

SERVICIOS:

Galvanizado

FUNDidONES:

Aceros Especiales

Fierro Gris

Cobre — Bronce
y

Aiuminio

EQUIPOINDUSTRIAL
Y MINERO

CONTRA-PESOS PARA GUIMBALETES.

LISTA DE PRECIOS EFECTIVA AL l o . D E EI'fERO 1 9 7 1 .

MODELO

13-M-9

19-M-12

25-&-12
25-M-12
25-M-12

50-M-12-18
50-M-12-18
5O-M-12-18

1OO-M-18-24
100-M-18--24
1OO-M-18-24

MODEIiO

13 y 19

25

50

100

CONTRA-PESOS DE:

Viga

Viga
ifcstro (curvo)
Segrcento ( b i e l a )

Viga
Maestro (curvo)
Segmento (b i e l a )

- PRECIO
UNITARIO.

$ 75/OO

75>OO

I'riostro ( )
Segniento ( b i o l a )

JUEGOS DE CABLES COMPLETOS

PARA GUIMBALETES.

CABRERA

V-9-12

t 9 -12

12-18

18-24

80.00

160.00
160.00
90.00

160.00
225.00
150.00

PRECIO

250*00

310.00

360.00

410.00

SUJETA A FLUCTUACIONES SHf PREVIO AVISO,

L.A.B.Chihuahua,Chih. ,

"M 0 V I S A "

NOTA: Esta lista cancela nuestras anteriores.

Registro Patrimonio Nacional 28891
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CAUUE B3 No. 1
APDO. POST. 724

FABRICANTES DE:

Molinos de Viento

Guimbaletes

Cilindros

•BOMBAS

TIpo Turbina

Eleviadoras

Gentri'fugas

Autocebante3

Moto-Bombas

Portatiles

Estacionarias

Caseras

Aspersoras

Fumigadoras

SERviciOS:

GaJ,vanizado

FUNDICIONES:

Aceros Especiales

Fierro Gris

Cobre — Bronce

y
Aluminio

EQUIPOINDUSTRIAL
Y MINERO

CHIHUAHUA. CH1H.
TEL8.1

t - 8 6 - 7 2
1-5O-64
t - 3 2 - 5 7
1-26-77

LIUTA m. .i./CIO'j. ZJ'.Xi'lV. XL l o , \jZ ...URC

FroTuTido,. 4 "-<cii.:iiCiUQB;c;.oV)lo bo l a da bronso o

ST .̂.A': V&lvula chek,con cor.o en l;i i/Uerca. ini'erior.

fr.iri. HiLCIC PU3LIJ0.

46
40

+ 48

57
57

+057

70

70

+ 70

S5

+ '-)?

+ »

i-7/a
ii

1!

2-1/4
p

»

2-3/4
i t

n

3-3/4

+ SF, P A I J R J . ' V A K

•„ ..o x..>i; ;:
L-UJ.w7. . l ^ i "

Lit . • *? • w.' 1:- -Wii-b.*

21

24

30

21

24

30

17

20

26

16

24

30

J CIO

•'.i'.,Ch

X

X

:c

X

X

X

X

X

X

X

X

X

....-.

ilii

33
36

42

33
36

42

33
36

42

36

42

46

-•' 1J .5 ;5O.G0'

1,625-00

1,8^0.00

2,200.00

2,350.00

2,700.00

2,e<;o.oo.
3,3.20.00

3,350.00

5,2pO.OO

5,700.00

6,200.00

!1V. . . V I A ) .

KCT/\: Est.i ?.ist.\ cancela nuos t r j a c t e r i o r e s .

* " , 0 •/ 1 , , "

.iQ^istro i iL.?inon;.o •.ioioac-.l t^oyl.

I:,1



•'-' CALLE 53 No. 1

APDO. POST. 724

U U/

CHIHUAHUA. CHIH. 2-86-72
2-5O-64

2-26-77

FABRICANTES DE:

Molinos de Viento

Guimbaletes

Cilindros

BOMBAS

Tlpo Turbina

Elevadpras

Centrffugas

Autocfetfaifites

Moto-Bombas

Portatiles

Estacionarias

Caseras

Aspersoras

Fumigadoras

SERVICES:

Galvanizado

FUNDICIONES:

Aceros Especiales

w Fierro Gris

Cobre — Bronce

y
Aluminio

EQUIPOINDUSTRIAL
Y MINERO,

COLADORBS.

PARA LOS CILETLROS DE BRONCE "MOVISA"

LISTA DE PREGI0 3 EFECTIVA AL l o , D E ENERO 1 9 7 1 .

Diam.de la
rosca del
colador

1-1/4

2

2-1/2

3

M/M

32

51

64

76

Para Cilindro
de :

1-7/8

2-1/4

2-3/4

3-3/4

• Precio al
Publico.

;$ 80.00

115-00

150.00

225.00

P U N T A S C . R . S .

PARA VARILLA HUECA (FLECHA DE TRASMISION)

Para soldarse
en tuto de:

3/8

1/2

3/4

M/M

10

12.5

19

Diain.de la
rosca,en jue
gode puntas.
(espiga)

1/2

5/8

7/8

Precio al
publico.
Jgo.hembra
y macho.

3120.00

135.00

150.00

SUJETA A FLUCTUACIOKES SIN PREVIO AVISO.

L.A.B.Chihuahua,Chih.

"MO V I S A "

Registro Patrimonio Nacional 2889I
NOTA: Esta lista cancela nuestras anteriores.
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CALLE B3 NO. 1
APDO. POST. 724

U /

CHIHUAHUA. CHIH.
TELS

I 2-

-86-72
5O-64
32-57
26-77

I:

in

FABRICANTES DE:

Molinos de Viento

Guimbaletes

Cilindros

BOMBAS

T!po Turbina

Elevad;bras

Cenfeffugas

Autocebantes

M. Centr;ffu(

Moto-Bombas

Portatiles

Estacionarias

Caseras

Aspersoras

Fumigadoras

SERViciOS:
Galvarjjzado

FUNDICIONES:

Aceros Especiales

Fierro Gris

Cobre — Bronce

y
Aluminio

EOUIPOINDUSTRIAL
Y MINERO

R E P U E S T O S .

VAQUETA PARA CILINDRO DE BRONCE "MOVISA" .

LISTA DE PRECIOS EFECTIVA AL lo .DE E1IER0 1971 .

PARA CILINDRO

1-7/8
2-1/4
2-3/4
3-3/4

PRECIO AL PUBLICO.

% 17.rj.0

21*75 •" . ,
29.50

51.50

PRECIO UNITARIO

SUJETA A FLUCTUACIONES SIN PREVIO AVISO,

L . A . B . C h i h u a h u a , C h i h .

"MO V I S A "

NOTA: Esta liata cancela nuestras anteriores.

Registro.Patrimonio Nacional 2889I
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CALLE S3 No. 1
APDO. POST. 724

FA8RICANTES DE:

Molinos da Viento

I ' Guimbaletea

Cilindros

: ' BOMBAS

', TIpo Turbina

: Elevadoras

j Centri'fugas

: Autocebantes

; Moto-Bombas

; Portatiles

; Es-t&cionarias

] Caseras

! Aspersoras

; Fumigadoras

; ' SERVICIOS:

Gatvanlzado

I FUNDICIONES:

Aceros Especiaies
! Rerro Gris

• Cobre — Bronce

: : y

I Aluminio

' EQUIPO~INDUSTR/AL
Y MINERO

CHIHUAHUA. CHIH .
T E L 8. •

2-86-72
2-5 O-QA
2-32-57
2-26-77

1/;; :'\^~^

V A R I 0 S .

LISTA DE PRECIOS EFECTIVA AL lo .DE ENERO DE 19-71.

VARILLA SOLIDA "ALTO CARBON" de 1/2 x 20' $ 120.00

VARILLA SOLIDA "ALTO CARBON" de l / 2 x 1 0 ' . 75-00

VARILLA .SOLIDA "ALTO CARBON" de 5 /8 x 2 0 ' _•••-•; . - ^ ^ ^ 0 0

VARILLA SOLIDA "ALTO CARBON" de 5 /8 x 10^' 10*5.00
( t ramo c o n p l o t o , to t c . lmcn te g a l v a n i z a d o ,

i n c l u y c a c o p l a d o r ) .

ES70PER0 D2 BRONCE de 2" . ' $ 475«OO

ESTOPERO DE BRONCE DE 2 - 1 / 2 " 525 .00

ESTOPP.T.O DE BRONCE DE 3 " 690.00
(cntrada de l a v a r i l l a var iab le ,desde .
3/8 hasta 3/4? se surten a co l ic i tud
sin cargo c:ctra)

FLECI-IA DE ALCAJTCE DTJ l / 2 X 2 l i ts . 180.00

FLEC'IA DE ALCANCE DS 5/3 x 2 Mts. - 250.00

FLECIIA D3 ALCA2ICE DE 3/4 x 2 Mta. -290.00
(de cold- ro l led 1045 pul idas y rec t i f i cadas ) •

PRECIOS U17ITARI0S.

SUJETA A FLUCTUACIONES SH7 PREVIO AVISO.

L.A.B.Chihuahua,Chih.,

11 M 0 V I S A "

i

NOTA: Esta Ii3ta cancela nuestras anteriores.

tRegisxro Patrinonio Nacional 2889I

•'v. ;••



•1 :i

H. G. TRIGOS, S.A.
LMAQUINARIA INDUSTRIAL Y AGRICOLA
* " " " " ' " C " ' - • '"" PARA V E N U S AL 60BIERN0

FABRICADO POR:

MOUNDS II V1ENT0,1 L
CALLE 53 NO. 1 TELS. Z^ZWIJY 2-50-64

CHIHUAHUA, CHIH.

CARACTERISTICAS
1.- Montado en Baleros

2.- Silencioso en su operacion
y todas sus partes maquina-
das a precision.

3.- Brazo de vigueta.

4.- Bielas y cajas de fierro
vaciado gris de alta calidad.

5.- Engranes cortados a
precision.

6.- Partes intercambiables
en varios modelos.
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Ilustracion '
Numero

1 ••

1

11

13

20

23

23 U

31

32

36

39 f—
i

44

51 "7

52' ?

58

60

60S

65 Ii

65 P

66 -

70

76

94

j 95 •

i
96

97

98

•Oi)

roo •

Descripcion

Tapa de Caja "D"

Tapa de Caja "I"

Perno Biela

Reten del Brazo

Contra Peso

Retcn del Postc

Ahrnzadera Tipo U

Polen Tipo "V"

Cuna de la Polea

Bicla

Tornillo'-Tcfisor—-f- • II - -

Cabeza Cable ^Oama)"" : "

Engrano.; Mayor; |i ! J

^ " 7 , 7 ' ;;; r^
i *•

i •>

Balancin ! ..• . | i '

Base (Marco)

Soporte Motor

Balcro Abierto

Ralero Sclkido Lado Poka

riwisa Cable interior

Prensa Varilla Inferior

Retcn del Balancin

Cable

Prensa Varilla Superior

Tensor Prensa Superior

Prensa Superior

Cable sin Prensa

Tapon Nivcl Aceitc

Tapon Entrada Accite

Nuinero
Picza

101

101

111

113

120

123

123 U

131

132 ,.;

136 /

- i J -139- i - J
> . i i I

: n | , l 1.44-9 j
' • - : ' • ' . ! . .

; ^ 152

j 158

160 "

160 S

1 165 1?

-1 165 P

166-9 /

1-70

176

194

195

196

197-9

198-9

199

200

Nurncro
de Piezas

1

1

2

1

2

2

; ' • • '

1

'I2 [
• ; ) • < • . • < !

: V . J = = - i , . , .

i ; . ;..i

> ' s i fy\

I . •

•! 1

'I

• 1

1

1

6

1

1

1

1

1

1

1

Peso de cada Material de
Picza en Kilos Construccion

7.625 •/ Fierro Vaciado

8.500 Fierro Vaciado

0.700 Ficn-o Vaciado

1.200 Comercial

7.500 Fierro Vaciado

0.450 Comercial

0.250 Fierro Comercial

! 5.000-

, 0.050 ,1)

Ficrroi Vaciado

Fierro Comcreia)

Ficrro Vaciado _^j

¥'•.••••:'•••• • T " ' ' j f t ' | W:V

^ - F i erro=^?;of ri (: re i a 1
;i tj \ . ' • . ' - I -

'! f._ 0.60D'°'.i
\». ^ 1

, - N " " ' in;
Fierro^DulctT

''•' 0.025' ' Fierro Vac'iiulo"

] , , 6.250 ..' ;;' " Est. Comercial

! 0.650 • • /Es t , "Comercial

0.115 . Comercial

0.115 Comercial

0.430 Ficn-o Vaciado

0.650 Ficro- Vaciado

0.115 Comercial

0.1 15 Comercial

0.250 Fierro Vaciado

0.115 Fierro Vaciado

0.500 Comercial
t

0.115 Comercial

0.075 Comercial

0.075 Comercial

;• ;•„•>/;-I
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H. G. TKIGOS, S.A.
MAQUINARIA IMD • STRIA L Y AGE.!!:Q

RtPMStHTAHTES »UIORI»0rS PARA VEUAS AL
\i -.̂ onNTES N1E. 1262 TEL. ft i /-;.: - r, / MEXU.o

C A R A C T E R I S T I C A S

Carrera 2 2 9 m m . (9)
Golpcs por Minuto . : . . . . 40
Descarga Libre
Liquido a Bombcar Agiia Limpia

Diamctro de Ii Polca 337 mm. (13%)
Scccion Banda "V" I A
Relacion Engranes 8.4:1
Capacidad Aceite % Lt.
Peso Aprox del Guimbaletc
(sin acccsorios) 54.900
Contrapesos 7.500 Kls. c/u

r

Medida
del

S~\ Cilindro

mm.

29

35

38

48

51

57

64

70

Pg-

1/8

m
1/2

£.1

2

2/4

2 / 2

234
J

"i f - ; ! , ' -V).--i:\.

Tuberia
de

Descarga

mm.

32

38

51

64

64

! 76

76
i

PR-

1/4

IV2

2

2

2 / 2

2 / 2

3

3

1

Rendimicntos

GPH

93

140

] 210

260

f 295

415

460

'607

LPH

352

529

793

982

1116

1570

1741

2297

;

GPH

1.6

2.3

3.5

4.3

4.9

6.9

7.7

10.1

MOTOR DE

Descarga
PROP MAX. DEL

CILINDRO

Pies

365

300

• 230

190

165

115

105

80

Mts.

111.2

91.4

70.10

57.9

50.2

35

• 3 2

24.4

1/4 H

Libre

CONTRA

Kls.

104.3

104.3

97.2

88.2

83.8

77 •

72.5

68

P.

PESO

Lbs.

230

230

215

195

185

170

160

150

•TV '

MOTOR DE 1/3 H

Descarga Libre
PROF. MAX. DEL

CILINDRO

Pios

250

220

205

155

140

105

Mts.

76

67

62.3

47.2

42.6

32

CON'RA

Kls.

104.3

104.3

104.3

102

95.1

90.72

P.

i
PESO !

Lbs.

!

230

230

230

225

210

200

Num. dc
Pesas

1

Carga

Kilos Libr;«

15.85

24.9 55

36.2 80

47.5 105

Num. de
Pesas

Carga

Kilos

58.8

70.1

Libras

130

155

77

86

170

Num. dc
Pesas

Carga

Kilos

10

190

95.1

104.3

Libras

210

230
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w h o i n t e r n a t i o n a l r e f e r e n c e c e n t r e f o r c o m m u n i t y w a t e r s u p p l y

postal address: p.o. box 140, leidschendam, the netherlands
office address: nw havenstraat 6, voorburg (the hague)
telephone: 070-69 42 51, telegr.: worldwater the hague, telex: 33604

to:

d a t e July 10th, 1976
?ur reference
aur reference

subject International Workshop on Hand Pumps

Dear Mr.

Welcome to the Netherlands. I.would like to wish you a pleasant stay and I
trust you have found your accomodation satisfactory.

This file contains documents for reference use at the Workshop, in conjunc-
tion with the draft "Guidelines on Hand Pumps" you have received earlier.

The opening session of the workshop will be held on Monday, July 12th, at
10:00 a.m., in the Conference Room on the second floor of Damsigt Building,
where the IRC has its offices. Monday morning, July 12th, the coach for
delegate's use will be leaving from the gate of the Royal Garden at the
rear of the hotel at 8:45 a.m. As from Tuesday on, the sessions will com-
mence at 9:00 a.m. and the coach will be at the Garden gate at 8:00 a.m.

Further information has been included in the file, together with tourist
brochures on The Hague and several forms which I should like to request you
to complete and return to the Secretariat. You will also find an invi-
tation for cocktails on Monday at 5:00 p.m.

Should you have any queries or wish to have any assistance, please do not
hesitate to contact Mr. Hofkes, who has prepared the meeting, Miss
Keijzer, the meeting secretary, or any other member of the Secretariat.

Sincerely yours,

Drs. J.M.G.
Manager

van Damme

327810*-69



On the occasion of

the International Workshop on Hand Pumps

the Director of the

National Institute for Water Supply

requests the pleasure of the company of

at cocktails

on July 12th, 1976 from 17:00 to 18:30

Damsigt Building (second floor)

Nw. Havenstraat 6, Voorburg (The Hague)
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INTEIWATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

"DUTCH TREAT DINNER"

The undersigned wishes to participate in the "Dutch Treat Dinner"

(cost of dinner, including wine and coffee, is Dfl. 39,=) at the

Restaurant "In "t Gemeste Schaap", Raamstraat 9, on Thursday, 15th

of July, 1976 at 20:30 p.m.

Name:

Vegetarian menu requested; YES/NO
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1NTEKNATI0NAI. WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

QUESTIONNAIRE

SURNAME

INITIALS, TITLE(S)

FIRST NAME

OFFICIAL POSITION

INSTITUTE

ADDRESS

P.O. BOX

TELEPHONE

TELEPRINTER

CABLE

PERMANENT ADDRESS

ADDITIONAL
INFORMATION

Please complete this form and return to the Secretariat
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Faculty of Engineering
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World Health Organization
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Ministry of Overseas Development
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Stag Place
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Shinyanga
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India
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participant will be attending certain sessions of the workshop
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Indonesia
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Battelle Memorial Institute
Columbus Laboratories
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Department of Public Health Engineering
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Bangladesh

Water Supply and Sanitation Section
UNICEF Regional Office
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World Bank (IBRD)
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Community Water Supply Division
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w h o i n t e r n a t i o n a l r e f e r e n c e c e n t r e f o r c o m m u n i t y w a t e r s u p p l y

postal address: p.o. box 140, leidschendam, the netherlands
office address: nw havenstraat 6, voorburg (the hague)
telephone: 070-69 42 51, telegr.: worldwater the hague, telex: 33604

1. Opening Session

2. Nomination of Chairman and Adoption of Agenda

3. Objectives of the Workshop

4. Technical Handbook on Hand Pumps

introduction by Dr. F.E. McJunkin

- presentation by participants

5. Plenary Meeting

- presentation by Mr. J. Shawcross

formation of Working Groups

6. Working Group Sessions (detailed review of Handbook)

- installation, operation and maintenance

technology, research and development

- manufacture, local materials and production

7. Visit to Amsterdam Water Works

8. Plenary Meeting

- discussion of Working Group Reports

- presentation by participants

9. Task Group Sessions

recommendations for follow-up activities

10. Plenary Meeting

discussion of Task Group Reports

11. Adoption of Final Recommendations

12. Closing Session
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INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

ANNOTATED AGENDA

Sunday, 11 July

16:00 Registration at the Park Hotel, The Hague
Issue of conference documents

Monday, 12 July

10:00 - 11:00

f

1. Opening Session

1.1 Welcome by Dr. G.W. Putto, Deputy Director
National Institute for Water Supply, The Hague

1.2 Opening by Professor O. Kranendonk,
Royal Tropical Institute, Amsterdam

1.3 Rural Water Supply Support Programmes
Drs. J.M.G. van Damme, Manager, IRC

1.4 Objectives of UNEP and WHO in supporting the
preparation of the Technical Handbook on
Hand Pumps
Dr. R.C. Ballance, WHO, Geneva

11:00 - 11:20 COFFEE BREAK

11:20 - 11:45 2. Organizational Matters

2.1 Nomination chairman and rapporteurs

2.2 Adoption of agenda

2.3 Presentation of participants

2.4 Announcements

11:45 - 12:30 3. Objectives of the Workshop

3.1 Introduction on the objectives of the Workshop
Mr. E.H.A. Hofkes, IRC

3.2 Discussion on objectives and adoption
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12:30 - 14:00 LUNCH
(will be held at Ministry of Public Health and
Environmental Hygiene, Building B, top floor
lunchroom)

14:00 - 14:30 4. Technical Handbook on Hand Pumps

4.1 Presentation of draft handbook
Dr. F.E. McJunkin, consultant IRC

14:30 - 15:00 4.2 Presentations by participants

15:00 - 15:20 TEA BREAK

15:20-16:00 4.3 Presentations by participants (continued)

16:00 - 16:55 4.4 General discussion

16:55-17:00 4.5 Summary of main issues by the Chairman

17:00 - 18:30 RECEPTION
at the National Institute for Water Supply

Tuesday, 13 July

9:00-10:00 5. Plenary

5.1 Introduction on choices associated with hand
pump tubewell programmes and hand pump design
(with reference to the Bangladesh Rural Water
Supply Programme)
Mr- J. Shawcross, UNICEF, Dacca

5.2 General discussion

5.3 Formation of Working Groups;
terms of reference:

I. Installation, operation, maintenance

II. Technology, research and development

iii. Manufacture, local materials and production

10:00 - 12:30 6. Working Group Sessions

6.1 Detailed review of draft Handbook

12:30 - 14:00 LUNCH

Names of participants who are requested to briefly introduce principal
comments on draft Handbook, including written contributions as submitted,
will be shown subsequently



-3-

14:00 - 17:00

17:00 - 17:30

6.2 Detailed review of draft Handbook

6.3 General plenary discussion (if required)

Wednesday, 14 July

9:00 - 9:30 7. Plenary
Information from and further guidance to Working
Groups

9:30 - 12:30 8. Working Group Sessions (continued)

Finalization detailed review draft Handbook;
drafting reports for processing by secretariat

12:30 - 13:30 LUNCH

13:35

17:30

9. Visit to Amsterdam Water Works

catchment area and purification plant in dunes

9.1 bus leaves Damsigt Building, Voorburg

9.2 return to Park Hotel, The Hague

Thursday, 15 July

9:00 - 9:45

9:45 - 10:30

10. Plenary Discussion on Working Group Reports

10.1 Working Group report I

10.2 Working Group report II

10:30 - 10:45 COFFEE BREAK

10:45 - 11:30 10.3 Working Group report III

11:30 - 12:00 11. General discussion on lay-out, editing, publication
of Technical Handbook on Hand Pumps

12:00 - 12:30 12. Presentation on Shinyanga Shallow Wells Project
Mr. C.J. Bonnier
Netherlands Agency for Development Cooperation

12:30 - 14:00 LUNCH
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14:00 - 14:30 13. Plenary
Presentation on the integration of the use of
materials and equipment, administrative and
technical skills, for the development of rural
areas
Mr. S.B. Watt, ITDG

14:30 - 15:00 14. General discussion on additional studies, pro-
grammes and activities

Formation of Task Group; terms of reference

15:00 - 17:30 15. Task Group Sessions
Drafting of recommendations additional studies,
programmes and activities

Friday, 16 July

16. Plenary Discussion on Task Group Reports

9:00 - 10:30 16.1 Recommendations regarding additional studies,
programmes and activities

10:30 - 11:00 COFFEE BREAK

16.2 Recommendations regarding further extension,
editing, publication, distribution and up-
dating of Technical Handbook and subsequent

11:00 - 12:30 guideline

16.3 Miscellaneous items
International specification for hand pumps
Standard procedure for testing and evaluation, etc.

12:30-13:00 . LUNCH

13:00-14:30 16.4 Conclusions and adoption of final recommendations
regarding additional studies, programmes and ac-
tivities, including priority allocation and assign-
ment of responsibilities for implementation

14:30 - 14:35 17. Closing Session

until 15:00 18. Drinks.
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11:45 - 12:30 3. Objectives of the Workshop

3.1 Introduction on the objectives of the Workshop,
including summary of comments received
Mr. E.H.A. Hofkes

3.2 Discussion on objectives and adoption

12:30 - 14:00 LUNCH

(will be held at Ministry of Public Health and
Environmental Hygiene, Building B, top floor
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OUTLINE

I should like to place before you some introductory remarks on the

objectives of this meeting:

Holding an International Workshop with handpumps as the subject may

seem to contain an element of bringing together two worlds that are

supposedly very different. Indeed, one of our many correspondents observed,

with a streak of gentle humor, "It is very encouraging to see the subject

of the humble handpump 'rising to such level of prominence1".

However, there can be no denying that a need exists for better exchange

of experiences with handpumps, design ideas and test results; between

countries, development agencies and international organizations, worldwide.

Involved are all who are concerned with rural' water supply programmes.

Better access to the body of knowledge should prove useful to many people

working in this field.

The Workshop, then, is intended to serve a dual purpose:

Firstly, we owe it to all who can benefit from comprehensive information on

handpumps, that the draft Technical Handbook on Handpumps will be thoroughly

reviewed. I have pleasure in saying that the document, even in the present

'interim stage, did receive a favourable reception and appreciation from many

quarters. On the other hand, there can be no doubt that further improvement

is both desirable and possible. I am pleased to know that all present

are willing to take on this task and surely the joint effort of this

meeting will bring out a document, strengthened by review and incorporating

all changes and additions deemed necessary.

Secondly, participants in the Workshop will want to consider how the

Handbook - once it has been finalized - can be made us of to best advantage,

and what related follow-up activities should be embarked upon. This will

mean* in fact, considering what else can be done, on the international

level, to promote handpumps fulfilling their important role in rural water

supply programmes, especially in developing countries. By indicating and

formulating recommended demonstration, training, studies and further

publications, the meeting would provide for the effective use of the

Technical Handbook and other results of the workshop.

Please allow me to speak first about the review of the Handbook. After

that, I shall be keen to return to the point of follow-up activities.
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REVIEW OF DRAFT TECHNICAL HANDBOOK ON HANDPUMPS

You will have noted from the agenda, that the work of reviewing the

Handbook in detail, is to be carried out during the first three days of

the meeting, with the actual hard work planned for Tuesday and Wednesday

morning. One might say this is not too much time and I would tend to

agree.

However, the wealth of expert knowledge and experience you are bringing to

this meeting, from some 20 countries in almost all parts of the world, leaves

hardly anything to be desired. It should enable the review effort to be both

intensive and effective.

We received a number of valuable comments/ on the draft Handbook. Some have

been included in your documentation field for easy reference. In addition,

I should like to pass on to you remarks that were received through

correspondence and other communications. I would think it is best to let

them speak for themselves and will not burden you with numerous references

indicating where they originated.

1. GENERAL COMMENTS

"This document", Mr. Martin Beyer of UNICEF said, "represents an excellent

effort, especially considering the short time at the disposal of Dr.

McJunkin, and will consititute a very helpful document for anybody concerned

with rural water supply. In principle, the disposition of the contents is

well balanced. One section that would be worthwhile to stress and detail

even further, is that of installations, operation and maintenance of

handpumps. One detail that might be helpful, would be tabulation with a

list of all different types of handpumps with brief indications of their

construction, place of manufacture, measurement, depth, range,

potential yield, price range and possibly, even indicating restraints or

other evaluative features."

Several times the Handbook was called "a timely and comprehensive document".

It was expressed that the document should prove very helpful in making

recommendations on critical aspects of manufacture, type of materials,

maintenance etc. After verification of facts, the document could serve
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quite well as a reference manual on handpumps.

There were very favourable comments such as "The report on handpumps fills

the urgent necessity of developing countries and will be a good aid to the

personnel who is working in rural water supply programmes" or "The Handbook

goes a long way in bringing handpump technology from an art to a science.

It certainly seems comprehensive." The following remarks ring a more

critical note, should equally have your attention.

It was commented that the report should not be called "Guidelines" but,

for instance, a Review of Handpump Technology and Problems. The opinion

was given that: "A document of this nature need only be a glossary of

authentic information brought up-to-date, so that the user of these different

kinds of pumps in different countries can refer to it and make their own

improvements from time to time." And further, "It would perhaps be in

the fitness of things for. the appropriate authorities concerned within the

countries to develop their own 'Guidelines' for operation and maintenance to

suit their local coniditions fully utilizing the information in the

Handbook. It is also desirable and necessary that the developments that

would be made from time to time in any country using handpumps on a large

scale are brought to the notice of an 'expert committee' or similar body

that may be set-up, to up-date and re-write the handbook so that it remains

as a constant source of information and reference for the future."

In this respect, I should not fail to bring to your notice the following

rather basic comment on the draft Handbook and related future action required:

"Limited distribution might be preferable to a more universal one. So many

models and ideas are discussed that it might confuse someone not fully

involved with handpump technology. Much of the applied work at field

level has only been done in the past 4 - 5 years. Much of the results of

this work are only now finding extensive application. A guideline is

intended to guide. But the present draft presents many options, but few

conclusions. Publication of a formal guide might wait until the options

have been field tested extensively enough to warrant some firm conclusions.

Some of the work is in a rather unconsolidated form. Perhaps, within 2 - 3

years, a great deal of work will have reached a more advanced state. It might

be worth considering issuing this Guidelines as a interim report, with the

full guidelines to be published in a few years."
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I think this valuable comment should be taken fully into account during

the workshop discussions. Taken the matter one step further, I wonder whether

the meeting would consider it useful if ultimately not only the Handbook

were published, but also shortened version for field engineering staff and

perhaps even some kind of an abstract for the use of each caretaker with a

handpump. The latter should then include information on the operation of the

pump as well as general health education material.

2. INSTALLATION, OPERATION AND MAINTENANCE

Principal Comments '

i. Community involvement

Principal comments on the sections of the Handbook discussing

installation, operation and maintenance of handpumps all pointed out

that it is impossible to maintain a' reliable water supply without

community participation. Attention should be given to the role a

tubewell fitted with a handpump should play in the community. It

has been suggested to even involve the community in the sinking of

the well so that the handpumped water supply would then be accepted

more easily and better taken care of. In this respect, we

received advice expressing the correspondent's confidence "that

the participants at the IRC Handpump Seminar in Holland shall be

persons with long-standing experience from rural water supply

programmes, who will be quite aware of the need of promoting community

. motivation."

ii. Selection of sites and the set-up of installation programmes

Several requests were made that following versions of the Handbook be

expanded to provide technical information on:

a. The selection of sites and how to install a handpump.

b. How to prepare, implement and evaluate programmes for installation

and maintenance of handpumps.

There can be no doubt that special mention of these subjects in the

Handbook would materially widen its scope.
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iii. Maintenance

Not all reviewers were impressed with the report suggesting that the

more expensive the pump the less maintenance problems it will have.

An inexpensive pump that is easy to maintain may cost much less.

Central maintenance systems were considered too expensive where large

numbers of pumps are installed. It was stressed that, basically,

the pump must be maintained by the villagers and the pump should

be designed with this objective in mind. If the villagers can

maintain bicycles, motorcycles and small irrigation pumps, they

also can maintain handpumps, provided there are -made easy to repair.

In general it was suggested that the section of the Handbook dealing

with installation, operation and maintenance be further elaborated

and expanded to cover the subjects more completely

3 . TECHNOLOGY, RESEARCH-AND DEVELOPMENT.-.''

Principal Comments

i. Shallow Well versus Deepwell Handpumps

The draft Handbook does contain a note about the depth ranges for

handpumps. However, a number of reviewers advocated that the subject

be dealt with more specifically. Reference was made to the fact

that deepwell handpumps become rather inefficient at greater depth

and the v/ear is such that some manufacturers do not recommend their

pumps for depths below 150 feet and some even would not recommend

to go far below 100 feet. It was suggested to elaborate the subject

in more detail in order to avoid that exaggerated expectations are

attached to the capabilities of deepwell handpumps.

ii. Uniform design

It will perhaps not be correct to attempt for an uniform design for

adapted use both for a shallow well pump and a deep well pump. Whilst

it is true that engineering priciples remain very much the same, there

are limitations in expertise, materials, finance, etc. in a country

and besides that, chemical qualities of water, systems of maintenance
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and administration, water use habits etc. will vary considerably

from country to country.

iii. Closed versus open top cylinders

Many experts suggest the use of open top cylinders which are very

expensive as compared with closed top cylinders. The open top

cylinders, of course, are supposed to have the advantage that the

piston can be pulled out and the pump leather can be renewed without

too much difficulty, whereas closed top cylinders would have to be

extracted entirely which may present difficulties. It would be of

interest to find out whether there is, in fact, a considerable advantage

in open top cylinders justifying the substantially higher cost.

Comments indicate that the draft Handbook is not completely clear on

this issue. . '

iv. Multiple pump leathers

It has been recommended to provide pump cylinders with three or even

more pump leathers. Others say there is no particular advantage in

having more than one pump leather. For instance, three pump leathers

seem to give no longer life than a single one, and would be an

unnecessary expenditure. Maybe something on the subject should be

included in the Handbook.

v. Small diameter pump cylinders

We were informed by UNICEF that they continue to receive requests for

pump cylinders of 1 7/8" and 1 13/16" internal diameter. These

small pump cylinders result in very low water output especially at

greater depth. It would be useful if something on the subject could

be said in the Handbook.
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vi. Miscellaneous

The following general aspects of commercial handpumps were mentioned

for more detailed eludication in the Handbook:

a. smoothness of the interior of the pump cylinder, machining or

brass lining etc.

b. cups of different materials.

4. MANUFACTURE, LOCAL MATERIALS AND PRODUCTION

Use of PVC

A subject many times raised by reviewers is that of using PVC-pipe as well

casing and pump cylinder. Perhaps the issue -is brought out best in the

following statement:

"The greater part of the-report is on cast iron pumps which is reasonable

since most of the pumps have been made of this material. However, cast iron

is constantly increasing in cost and to modify it to get a better piston

surface and to improve bearing and other problem points will make this type

of pump too costly for mass utilization."

"The use of PVC-pipe as a well casing and and pump cylinder can completely

change our approach to pump design. PVC is still much lower in cost that

cast iron and is available as pipe in almost all developing countries. Its

surface is smoother than brass and a whole order of magnitude smoother than

cast iron, no matter how carefully this may be machined. PVC pipe used as

a cylinder has not shown appreciable wear in tests in.Germany, Bangladesh

and Thailand. If the pump handle is supported on a separate post, PVC

pipe acting as a pump stand would take little stress and, if necessary, could

be protected by a surrounding pier of brick, wood, or concrete pipe. If the

well casing is PVC and this becomes the cylinder, the pump rod and piston

can be easily removed by villagers for repair."

"So use the newer and better technology now available. At this stage the

need is to draw up specifications for a PVC pump, based on present

information. We can then have some fabricated in several countries and

installed where they can be closely observed. After a field trial of six

months or a year, we can review the experience, modify the specification,
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if necessary, and install a new model pump for field tests. After this

has been done a few times, we should have a good specification and

design that can be recommended to all countries."

Requests that the Handbook should deal in more detail with the use of

plastics, were also received in respect of:

a. parts such as cups, cupseals, etc.

b. use of plastic lining or inserts, or for coating (epoxy resins).

We were advised that the matter is also under consideration at the World

Bank and I am pleased to quote to you the following statement from them:

" We have recently been concerned with the development of a simple handpump,

based on the use of PVC casing and are somewhat disappointed that the

potential of such a development seems to have been rather lightly dismissed

in the draft report. Hopefully, it may be possible to expand the section

of the report dealing with the use of plastics and the simplified designs

(i.e. using the upper well casing as the cylinder), since, in our opinion

this proposal has passed the feasibility or prototype stage and should now

definitely be evaluated in full scale field trials."

Miscellaneous

Further points brought forward v/ere:

information on the use of fiber glass in screens and pipes,

the belief that as much as possible each country should manufacture their

own equipment, determine adequate well locations, make proper

installations and set-up their own maintenance programmes.

- would there be merit in having an internationally standardized

specification for handpumps?

- is there a case for an agreed upon protocol for testing and evaluation

of handpumps?

This meeting will want to consider these and similar questions and I trust

you will not hesitate to bring them forward.

Recommendations regarding changes, extensions and additions of the contents

of the Technical Handbook on Handpumps, are to be drafted in working group

\
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sessions for approval by the meeting in plenary, through consensus

action. It will be Dr. McJunkin's responsibility to assist in

incorporating these recommendations in his report. The responsibility

of implementing recommendations concerning publications and distribution of

the Handbook will rest with the IRC and will be decided upon in

consultation with WHO and UNEP.

Recommended follow-up activities

I now should turn briefly to follow-up activities, that is the best way

the Handbook - once it has been finalized - may be utilized, as well

as related programmes. The experience and expert knowledge gathered here,

makes it only natural for the IPC to seek your advice and recommendations, as

well as your cooperation in further work.

When we circulated the draft Handbook, we did not explicitly pose these

questions, but a number Of reviewers sat''down and pondered what action

they would like to see undertaken in conjunction with or more indirectly

related to the eventual publication of the Technical Handbook on Handpumps.

Here are a few suggestions, that are certainly worth mentioning:

- maintain an active file of technical information on handpumps.

establish clearing-house function for dessemination of handpump test

results.

draw-up a maintenance chart containing a schedule of (preventive)

maintenance work together with the organizational arrangements required

for carrying out this work.

- make an inventory of ongoing projects, field trials and programmes as

well as the agencies and organizations involved.

- direct to selected persons questionnaire asking for detailed information

on

local use of handpumps

•i local manufacturing capacity

costs of pumps commercially available

maintenance system employed.

Time has been set aside for consideration of these and other proposed

follow-up activities, on Thursday and Friday of this week. The point of
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who is to accept project agency responsibility will no doubt we raised

and I have pleasure in stating that the IRC is prepared to take on its fair

share.

CONCLUSION

In conclusion, I am glad to be able to say that the whole concept of

compiling information on handpumps for subsequent development into

guidelines, did stir up considerable interest. One international organization

did not lose time in ordering 60 copies of the Handbook to be published.

Numerous other requests, if more modest, have already been received.

I have pleasure in submitting the draft objectives of the meeting, which

you have found amongst your conference documentation files, for

your consideration. I trust you realize, as I do, that the double task

assigned to the Workshop, results in a somewhat tight schedule. Perhaps

they will turn out to be•the understatement of the week!

THANK YOU.
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INTE1WATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

GENERAL OBJECTIVES

1. To review, discuss and supplement the draft Technical Handbook

on Hand Pumps, as prepared by the IRC consultant, as well as

additional background information.

2. To give recommendations on further studies and activities in

planning, technology and management aspects and to advise on the

preparation of an integrated gxiideline for the development of

hand pump projects.

3. To identify and formulate both technical and organizational

recommendations for programmes and activities and to agree upon

priorities and initial arrangements for the implementation of

specific activities.



GUIDANCE WORKING GROUPS

I. Introduction

The ultimate goal of the handpump-programme as started with this meeting

is to arrive at an overall guideline (or series of guidelines) on handpumps

to the benefit of planners and executive engineers in developing countries,

responsible for handpump schemes. This would include: (1) programme develop-

ment and planning; (2) technology and installation; and (3) management

(operation and maintenance). These 3 elements could be dealt with in 3

separate documents, or alternatively, be integrated in one volume.

An interim step in order to arrive at this guideline fc>r series of guidelines)

is the preparation of interim guidelines/handbooks/study results on these

three elements as related to handpumps (the first and last elements could cover

more than handpumps).

We now have a draft handbook on technology, which covers broadly 3 technical

items: - installation and maintenance (chapter 4)

- research and development (chapters 3 and 5)

- manufacture and local production (chapter 6).

Schematically:

Levels:

(11 draft

(2) interim guideline/
handbook

(3) guideline
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The working groups are asked

1. to bring the technology part (the present document) from level (1) to

level (2)

2. to consider what should be done to bring it to level (3) (e.g. evaluations?)

3. to consider what should be done on the planning side and the management side

(.e.g. studies?) in order to arrive at an ultimate guideline (or series of

guidelines) covering the three mentioned elements.

II. Terms of Reference of Working Groups

1) - to thoroughly and critically review the relevant chapter (s) of the draft

handbook;

- to comment on and supplement the chapters relevant to your group;

- to make their modification in ONE WORKING DOCUMENT (an extra copy especially

for this purpose will be made available per group) which will be used for

the assemblance of the final document;

2) - to consider extension of the handbook into a technical guideline and to

to report on the conclusions;

- to note down elements of planning, management and other non-technical

aspects that may come up, and that may be discussed in more detail, during

the last two days of the week.
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INTERNATIONAL WORKSHOP

ON HAND PUMI'S

The Hague, 12-16 July 1976

DAILY REPORT ON MONDAY, JULY 12

Dr. G.W. Putto, Deputy Director of the National Institute for Water Supply,

The Hague, welcomed the participants to the International Workshop on Hand

Pumps. Following this, the session was opened by Professor O. Kranendonk,

Royal Tropical Institute, Amsterdam. He spoke about the public health aspects

of water supply, which must be seen in both a "quantative and qualitative"

light. He then mentioned that the access to and proper use of ample water

supply by the rural population would give them a new quality of life. He

added that engineers and health professionals should consider the social

acceptability and the primary or basic services of the rural population. He

mentioned that the education of the rural population in health and mainten-

ance would be the means of solving many problems.

Drs. J.M.G. van Damme .Manager, IRC, expressed his ideas on the Hand Pump:

it is a simple technology but in need of development. This should be rapid,

in order to ensure the successful work-integration. One of the most im-

portant things is to build up the infra-structure of water supply and sani-

tation by such means as training programmes, health education and demon-

strations. He concluded that every programme should be self-reliant, well

coordinated and make more efficient use of its finances.

Dr. R.C. Ballance, WHO, Geneva mentioned the objectives of UNEP and WHO

in supporting the preparation of the Technical Handbook on Hand Pumps. He

observed that the project is one of the most useful in rural water and sani-

tation, as it could increase the percentage of the rural population having

access to water supply up to 25% - as mentioned in the Global Target for

the end of 1980.
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Following the nomination of the Chairman, Mr. Bennell, and the rappor-

teurs, Mr. Lert and Mr. Henry, Mr. Hofkes of the IRC reviewed the major

points raised by organizations that had been invited to comment on the

Handbook prepared by Mr. McJunkin. Mr. Hofkes commented that the objec-

tive was to improve the handbook, and that the major points raised by

organizations which had submitted comments were:

1. the need to develop more effective community participation

2. the need to evaluate, on a systematic basis, hand pumps that were
currently in use

3. the need to examine alternative materials, such as PVC which
appeared to have considerable potential

Dr. McJunkin, in opening the discussion of his paper, stated that the

hand pump situation at this stage posed more questions than answers, but

that it was generally considered that the experience with hand pumps in

rural water programmes was poor. Dr. McJunkin emphasized that he considered

this to be an interim report, to which he expected the comments and con-

tributions of people in the field.

After Dr. McJunkin reviewed his report, a number of participants commented,

highlighting the following points:

A. the failure rate of existing handpumps in some countries was as high as
80%

B. There is a need:

1. for a uniform terminology

2. to explore the application of alternative materials

3. to develop a technology which combines the factors of minimum cost
and complexity with maximum reliability

4. to examine the social and institutional problems associated with
the technological aspects of hand pumps

5. to explore the relationship of research in the hand pump field to
manufacturing technology

6. to develop a uniform methodology for the research, development and
field testing of a new hand pump technology, in order to enable
information to be compiled and disseminated on a systematic basis

In order to clarify the terminology for the meeting, Mr. Journey, at the

request of the chairman, listed the following terms:
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Tubewell

1. screen

2. lower well casing

3. upper well casing

Pump

1. pump stand

2. column (drop) pipe

3. pump rod

4. pump cylinder

The chairman, in summarizing the discussion, observed it was apparent

that we would need to develop basic technical options which could be

applied to varying sets of situations, and that a document which ana-

lyzed the financial, technical and social aspects of rural water tech-

nology was needed.
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ON HAND PUMPS
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DAILY REPORT ON TUESDAY, JULY 13

Mr. Journey described the pumping concept he was proposing: it utilizes

PVC pipe and a piston and check valve which could be manufactured lo-

cally.

He mentioned that this concept was already being used in Ghana and

Thailand, where it had been developed independently.

It was generally considered that the concept had considerable potential

and warranted further field testing and development.

Mr. Emmanuel described the development of the Bangalore pump in India,

the details of which are contained in Dr. McJunkin's report.

Mr. Chakravarty, in describing the steps that were taken to develop the

pump, emphasized that they associated a manufacturer with the project

from the outset. This ensured that the research was conducted in an

atmosphere relevant to the conditions which would prevail in a manufac-

turing process.

The pump will be field tested during the next few months.

Mr. Kumar, referring to cost data in a WHO report on the Bangalore pump,

mentioned that the prices quoted were considerably below the current

prices being quoted by the manufacturer. This raises some basic questions

which remain to be answered. He emphasized that there was still consi-

derable work to be done before the pump could be produced on a large

scale.

Mr. Abrobah-Cudjoe questioned Mr. Chakravarty as to whether he had conducted
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any comparative rate of wear studies on PVC and epoxy cylinders. Mr.

Chakravarty said no studies had been made.

Mr. Journey mentioned that his enquiries in 1975 indicated that no

PVC rate of wear studies were available.

The rate of wear studies are now being conducted in Germany.

Mr. Fannon described the history of the evolution of the Battelle

pump in the context of the Bangladesh rural water programme. He em-

phasized that cost and availability factors would become more impor-

tant. He also stressed the importance of local manufacture, in order

to ensure the availability of spare parts.
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DAILY REPORT ON THURSDAY, JULY 15th

The morning session was opened with comments on the McJunkin handbook and

the state of the arts regarding hand pumps by each group's chairman.

Chapter four was criticized first, concentrating on the following points:

1. Little importance is given to the financial aspects related to pro-

ducing a hand pump.

2. The scope of the handbook is not clear.

3. Operation and maintenance procedures are neglected

4. A glossary of terms and definitions should be included in the handbook.

Chapter two and six were covered next, with the following observations:

1. There is a need for financial data, including cost ratios, quoted

quantities of materials, man hours, and capital and revenue components.

2. A glossary of terms and definitions should be included.

3. The foundry section is overly emphasized with little mention of alterna-

tives such as fabrication, plastics or assembly only.

4. Many of the drawings are incomplete or incorrect.

5. There needs to be mentioned in greater detail the pump types in current

use, e.g. CREALIUS, BANGALORE, SHINYANGA, etd.

Chapters three and five were discussed also:

1. A glossary of terms is needed.

2. Drawings might be more complete, utilizing common nomenclature which is

most descriptive of the component.

3. Additional information is needed concerning other types of pumps in use,

particularly the chain pump and mono pump types.

4. A force diagram of the handle might be added using typical forces to

illustrate the written explanations. It was also felt that typical leverage

advantages ranged, in the handbook, from one to three and that more
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reasonable numbers might be used in the illustrations.

5. There needs tc be an expansion of the discussion on bearings.

Comments by the general audience were heard after each group chairman's

critique. The comments, in general, were constructive and well-taken by the

participants of the workshop.

Mr. Shawcross gave a presentation on the Bangladesh water programme. The

presentation covered data gathered so far and the status of the water programme.

Major points made were, as follows:

1. 1,200 deep wells were completed mid 1975

2. 160,000 shallow wells were completed mid 1976

3. 155,000 shallow wells have been started and will be completed mid 1979

4. 5000 deep wells will be completed by mid 1979

5. The overall rural drinking water situation shows 30 percent of the popu-

lation being served in 1970, 60 percent in 1976, and there will be an

estimated 80 percent by 1979 being served.

6. PVC pipe, instead of G.I. pipe, is used decreasing cost of pumps conside-

rably

7. The hand pump used has been modified to where it is fairly reliable

8. Prototypes of new types of hand pumps have been completed (for family use

inside of the house)

9. Manual irrigation pumps appear to have quite a bit of potential

10. The rationale for choosing a pump that will be suitable for widespread

distribution depends on such things as tradition, existing pumps, cost of

wells, cost of pump alternatives, intensity of use, stresses on pump,

types of maintenance organization, social attitude of population served,

and local production ability.

11. With regular maintenance any reasonable pump design can be kept in operation.

However, a well designed pump is more easily maintained than a poorly de-

signed pump.

Mr. C.J. Bonnier made a presentation on Shinyanga shallow wells. After a

slide viewing a general discussion was held, concentrating on cost of the pump

and well (both total about $ 1625), environmental aspects, and alternatives

available to the use of the Shinyanga well. Practices of maintenance were
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questioned and how maintenance could be improved.

An interesting movie was shown by Mr. Robertson, covering the piping of water

in Africa. It was obvious from the workshop participants that much was gained

from the movie.

The workshop participants were broken into four groups for the remainder of

the day. The groups were, as follows:

1. Planning (manpower training,.education, selection of suppliers, financial

planning, etc.)

2. Management (maintenance organization, wisdom of local manufacturing versus

alternative methods such as assembly or importing, extension of programmes,

staffing, etc.)

3. Technology (need for futher research, field testing, comparative studies,

government specifications, etc.)

4. Clearing-house functions (follow-up, information dissemination, glossary

of terms, etc.)
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COMMENTS ON THE DRAFT

GUIDELINES ON HANDPUMPS
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1. Mr. S.B. Watt, National College of Agricultural Engineering,

Silsoe, Bedfordshire, U.K., June 1976.

2. Mr. M.G. Beyer, Adviser, UNICEF, New York, May 1976.

3. Mr. R. Phillips, UNICEF Dacca, Bangladesh, June 1976.

4. Mr. A. Abrobah-Cudjoe, Kumasi, Ghana, July 1976.

5. Mr. K. Osei-Poku, Accra, Ghana, July 1976.

6. Mr. D. Donaldson, PAHO/WHO, Washington, July 1976.
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RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE:

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

SHORT DESCRIPTION:

TIME REQUIRED:

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

PRIORITY INDICATION:

CODE AND NAME TASK GROUP:

DATE OF SUBMITTANCE:
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RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE: laboratory Evaluation

OBJECTIVE OF THE STUDY, PROGRAMME OR /ACTIVITY:

Laboratory evaluation of all pumps possible under controlled conditions for
comparison and evaluation

SiiORT DESCRIPTION:

a rather permanent laboratory set-up to test hand pumps under various head
conditions. All measurements would be the same

TIME REQUIRED:.

continuous but low manpower

ASSISTANCE REQUIRED: (financial, executional) »

A. less than US$150,000

B. US$ 50,00 -\100,000

C. US? 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

Data internationally distributed

PRIORITY INDICATION:

CODE AND NAME TASK GROUP:

DATE OF SUBMITTANCE:
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RECOMMENDATION

for a study, programme or activity

NUMBER: .

TITLE: Assistance in formulation of national plan for well/hand pump rural
' water supply programme

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

The national plan (long term plan) should serve as the basis on which shorter
term programmes may be based

SHORT DESCRIPTION:

A guideline on planning will assis national water supply planning authorities
in formulation of the national plan.
Where local planning capacity is not available, outside assistance in formu-
lating such a plan may be welcome.

TIME REQUIRED:

ASSISTANCE REQUIRED: (financial, executional) .

A. less than US$

B. US$ 50,00 -

c. us$ mc^oo - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

PRIORITY INDICATION:
II 71 It

CODE AND NAME TASK GROUP: Planning - Group 1

DATE OF SUBMITTANCE: 16 July 1976
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RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE: Guideline on drilling procedures or techniques as applicable
to different ground conditions

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

To provide information which may be necessary to planners

SHORT DESCRIPTION:

The guidelines should provide information on the most suitable drilling
procedures for the various "types of ground conditions that may be encoutered.
Information regarding equipment, accessoires, with inventory of supplies
and rough cost will be useful.

TIME REQUIRED:

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US'$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

PRIORITY: B

NEED FOR COORDINATION:

PRIORITY INDICATION:

CODE AND NAME TASK GROUP:

DATE OF SUBMITTANCE:

Planning - Group 1
16th Ju*y, 1976
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RECOMMENDATION

for a study, programme or activity

NUMBER:

T I T L E ; Community Involvement (in a hand pump programme)

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

To give guidelines on how the communities can be involved and motivated in
the installation and maintenance of the hand pumps

SHORT DESCRIPTION;

Study of customs & traditional beliefs
Health Education in formation of committees & local responsibility
in training in maintenance

TIME REQUIRED;

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US'$ 50,00 - 100,000

C- US$ 100,000 - 1.000.000 „

D. greater than US$ 1.000.000

PRIORITY a.

NEED FOR COORDINATION:

PRIORITY INDICATION:

CODE AND NAME TASK GROUP:

DATE OF SUBMITTANCE:

Planning - Group 1

1 9 ? 6



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

por.t.il address: p.o. b^x 140, leidschendarn, tho netherlands
oftico address: riv/ hnvenstrant 6, voorburg [[ho hnguo)
telephone: 070- 69 42 51, Iclcgr.: worldv/alor tho liaguo, tolex: 33504

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER; *

TITLE: Existing maintenance systems in so far as it may affect
planning

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

Planning costs will be influenced by the responsibility for pump maintenance

SHORT DESCRIPTION:

A study of maintenance systems & responsibility therefore, in various countries
of the regions will be useful. The ultimate goal will be to make the community
responsible for this , although at present this is not so in some courtries
Community responsibility will releave the government of this cost and will
also ensure higher success of the programme
TIME REQUIRED:

ASSISTANCE REQUIRED: (financial, executional) ,

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000 ..

D. greater than US$ 1.000.000 PRIORITY: B

NEED FOR COORDINATION;

PRIORITY INDICATION:

CODE AND NAME TASK GROUP: Planning - Group 1
16th July, 1976

DATE OF SUBMITTANCE:
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RECOMMENDATION

for a study, programme or activity

NUMBER: 5

TITLE: Study of manufacturing capacity at Country level

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

To access local production of hand pumps and encourage local production

SHORT DESCRIPTION:

Some countries still do not have local production facilities, local production
of hand pumps is essential in this programme. Assistance in this direction would
be useful, in the form of international or bilateral aid.

TIME REQUIRED:

ASSISTANCE REQUIRED: (financial, executional) »

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000 .. ' PRIORITY B

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

PRIORITY INDICATION:

CODE AND NAME TASK GROUP: Planning - Group 1
16th July, 1976

DATE OF SUBMITTANCE:
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postal address: p.o. b^x 140, leldschondom, tho notherlands ••.••• •
ollico address: nw havenstraat C>, voortuitg (iho haguo) ' • ' '
telephone: 070-634251, lelcgr.: worldwator Iho hague, telex: 33604 . '

f I I
i J

INTERNATIONAL WORKSHOP

ON HAND PUMPS

' The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER: 1

TITLE- Valve Engineering Approach to Design and Testing of Basic Piston Pump

Components to withstand heavy stress

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

Through valve engineering to improve designs for pump components, including:
1. bearing interfaces (pivots)
2. valves
3. cap seals/cylinder interface
4. fasteners
5. support structures for pump lever system
SHORT DESCRIPTION:

The following steps will be taken to achieve the objective:
1. information gathering
2. analysis and design
3. field and laboratory testing
4. evaluation of testing

5. recommendations for redesign and retesting
TIME REQUIRED:

3 years

ASSISTANCE REQUIRED: (financial, executional) <

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$ 100,000 -/T.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

absolutely; multi.agency, multi discipline approach

PRIORITY INDICATION:

Top-, because of inadequate hardware available, as evidenced by failure rate of

pumps in field

CODE AND NAME TASK GROUP:

DATE OF SUBMITTANCE: July 16, 1976



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

.(• C""-••"."•-"• • •'"> postal address: p.o. b^x 140, loidschondnm, tho nolherlands
•' I»is^~ •'•3& oltico address: nvv havenstrant 6, vooibuig (tlio haguo)
.' •. ^£2? telephone: 070-C9 42 51, telcgr.: worldvvater tho hague, telex: 33G04

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE:

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

To bring the workshops information to the hands of those responsible for hand
pump installation and maintenance in the field, and where appropriate, to the
users.

SHORT DESCRIPTION:

To prepare (pamphlets) handbooks and other instructuctive material for low level
consumption. This material to be prepared in the recipient country.

TIME REQUIRED:

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

PRIORITY INDICATION:

CODE AND NAME TASK GROUP:

DATE OF SUBMITTANCE:



£ % * • • £ ] w n 0 i n t e r n a t i o n a l r e f e r e n c e c e n t r e f o r c o m m u n i t y w a t e r s u p p l y

postal address: p.o. box 140. leidschondnm, tho nolhcrlands
office address: nw havenstraat 6, vooiburg (tlio haguo)
telephone: 070 • G3 42 51. tolcgr.: worldwalor tho haguc, tolex: 33604

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE: Standardization of materials and specifications and test methods.

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

Prepare recommended terms and definitions for the equipment, materials, and
works for rural handpump water sypply systems. Prepare recommended specifications
for materials for all components of such systems and dimensions.

SHORT DESCRIPTION:

Compile available information on equipment, materials and facilities being built

and utilized.
Sdect most common technology and component sizes.
Prepare materials specifications using available ones.
Prepare standard methods for testing the hydraulic efficiency, durability and

mechanical efficiency of pumping equipment.
TIME REQUIRED:

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US'$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

PRIORITY INDICATION:

CODE AND NAME TASK GROUP:

DATE OF SUBMITTANCE:



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

postal address: p.o. box 140, leldscliondnm, tho nothcrlands
offico address: nw havenstrant 6, voorburg (tho haguo)
telephone: 070-G3 42 51, telcgr.: worldwatcr tho hague, telex: 33604

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE: -Hc.wdcv.wvO UsY

03JECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

, UV c\- U *

Tk\
SHORT DESCRIPTION

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

PRIORITY INDICATION:

CODE AND NAME TASK GROUP:

DATE OF SUBMITTANCE:
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«i .-^ /.̂  . , ; . j po$:.il address: p.c. \>rr. 110, Inic'schrrulnni, tho n«,-!hivla:ij-j

i;. '>*»•*•' tolcphono: 0/0 - C9 U Si, :o.'-:j'- : wor(o\vnxf Uio hsjue, tck-x: 33G04

INTERNATIONAL WORKSHOP

ON HAND PUMPS

TheHaguG, 12-16 July 1976

' RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE : Design and Testing of basic piston purcp components to -withstand

heavy stress

OBJECTIVE OF THE STUDY, PROGRAMME CR ACTIVITY:

A) to improve designs for pump components: 1) bearing interfaces (pivots)

2) valves

3) cap.scale/cylinder interface

B) to enable standardization of these improved components with respect to:

(1) materials; (2) dimensions; (3) combination of interfaces
SHORT DESCRIPTION:

Information gathering- ^ analysis and

testingv
. J>- Revaluation
ing.^ *^

TIME REQUIRED: T h r e e y e a r s

recommendations

ASSISTANCE REQUIRED: (financial, executibnal)

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C.) US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

CODE AND NAME TASK GROUP! (Ill) Working Group on Technology



! ? > • • - • ; " • ' . 1 v ; l i c i n t e r n a t i o n a l r e f e r o n c o c e n t r e f o r c o i n i n u n i t y v / a t z r s i ! p p I y

poi:.1.! a d d r e s s : p .c . l>o< V.O, ltiic.'?chjrici.nni. tf-.o n<;i>io:UinOs
oKice cic'cir'. :;.•;: mv ••.-.% •i:ic!:.'!nl 0, voorlj'.ug (:fio li,-.._iut)
telcpl ione: 070 - CO •>! 51 , lo. 'cjr.: worlo.v-iier tlie h:..jULl, iclex: 33004

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Haguo, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE : Advisory Maintenance Group

OBJECTIVE OF THE Sy»8yfftWiaSfl«iKK&XS» ACTIVITY:

To get together professionals with experience (executive positions) in

rural water supply, to carry out a study on Maintenance organizations,

obtain funds, advise the participating countries as to the setting of maintenance

organizations and evaluate results.

SHORT DESCRIPTION:

The group will need:

- make a survey
identify possible types of organizations
obtain commitments
supervise progress & evaluate

- and especially ADVISE (Administrative & Technical)
TIME REQUIRED: j m o n t h _ s t u d y

1 month - obtaining commitments & initiate
1 year - first step

ASSISTANCE REQUIRED: (financial, executibnal) •

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. t)S$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

CODE AND NAME TASK GROUP:



r " : ' : v . ; ' ] w h o i n t e r n a t i o n a l r e f e r e n c e c e n t r e f o r c o m m u n i t y v v a t o r s u p p I v
**••.-.v'-'i->.v."S . . • ' - • • . . • . • ; . . : ; ^ ^ »

• • '.'••« pos'.M address: p.o. l»o/ HO. Inic'^chrridnnt, the n'jlhorljnJa
•'>", ;>J o'lics address: riv.1 f».-.\ j.'iol.Mnt G, xoorL^rg (!ho hrViuc)

Vi>->'' tclcpliono: O.'0-K' 12 51, '.o.cjr.: worlo'.vntcr ttio hiyuu, telex: 33004

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE : Follow-up Training for Operators "Hand Pump Programme"

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

1. To have a preventive maintenance of the Hand Pump

2. To supervise the operators or personal concern.

SHORT DESCRIPTION:

Training of Operators and Supervisor, Personnel Concern,

Hand Pumps Repair

TIME REQUIRED: 3 years programme

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:
Agencies concerns both in central and local government

CODE AND NAME TASK GROUP:



, ! • > : • . . •;••; 1 w h o i n t e r n a t i o n a l r e f e r e n c e c e n t r e f o r c o i n m u n i t y v v a 1 2 r s u D ' J i v

f-^l: '••'•'. •..•< po$:.i! scJrircss: p.o. bo'. HO, l<?:'c.'ochcnd:ir;i, (ho nc'.horlanJa

S->">/' telephone: 0/0-69 -12 51, tolcjr.: worlu'v.nicr !tio hr.rjuu, lolox: 33iO4

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

Comparative study of different types of hand pumps (8) and evaluation of

their performance vis-a-vis cost (capitalized value of securring and

a period of 2 years + capital cost) in similar situations.

SHORT DESCRIPTION:

i) study of the frequency of failures of different parts and pump as a whole

TIME REQUIRED: 2 years

ASSISTANCE REQUIRED: (financial, executibnal)

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$' 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

CPHEEO

CODE AND NAME TASK GROUP:



! S : \ - ~ • / ; ] v - / h o i n t e r n a t i o n a l r e f e r e n c e c e n t r e f o r c o m m u n i t y \ v 3 1 2 r s u p p I y

?;*.*.• " : . '• « pos!.it address: p.o. t<o< 110, Ini'-'^chrnclant, Iho n':!horlanJs

telephone: 0/0 - CL* 42 51, lolcj.-.: worlij'.vncf ttio h:.auu, telex: 33604 °l

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

> .
for a study, programme or activity

^ NUMBER:

TITLE :

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

To compile information on the present types of organizations at regional
and village level that are participating in rural water supply progrcirjaes,
on the systems of rates and charges and prepare an analytical report from
which orientation for future programmes can be taken.

SHORT DESCRIPTION:

Types of organizations at village and regional level
( Functions, responsibilities and legal

Jfc- Systems of rates and charge
Degree of success in collecting rates and charges
Use and application of rates and charges

TIME REQUIRED:

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$' 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

CODE AND NAME TASK GROUP:



v _ , £ j v / h o i n t e r n a t i o n a l r e f e r e n c e c e n t r e f o r c o m t n i« n i t y \ v a t z• i s u p p i v

";"••• . ••'•» poit.il address: p.o. l>o< 110. lt>iJ*ch?ncbrc!, the nc'.ho.'landJ
>. ' • -" , ;1i cities aidrci.1;: nv/ S'.vons'.'-int G. voori.'irc; {'.he luiou1.')

'<£.i*r tcicphoiic: 070 - 09 4J £1, lolcyr.: worlcJ.vnicr the hc.guu. tol-ix: 33004

INTERNATIONAL V7ORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER;

*
TITLE : The state of the art on Hand Pumps

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

To keep available central records, of all available facts pertinent to
the user, on handpumps being used for village supply schemes.

SHORT DESCRIPTION:

Series of 3 page documents including
1. name of pump + drawing
2. number in use and comments
3. head, delivery, efficiency
4. cost to an agreed system
5. manufacturing guidelines, materials, labour etc.
6. special points and addresses for further information

TIME REQUIRED:

continuous

ASSISTANCE REQUIRED: (financial, executibnal)

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

MAJOR

CODE AND NAME TASK GROUP I Group D
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^ ^ • v ; : - : - : i .. •' -' • • . • - : / •
r -^ .V. . . ..-« pos:.il address: p.o. ho/110, l!:ic'?ch?ndan!, the n<-.!horl.»nJa .-• •_
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•." '•^Ci'->'"' |c!cp!iono: 070-09-12 51, :D;OJ.-.: wofl(j\v3!cr ttie hc.:juo, tol'-'x: 33004 •

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE : Directors of Manufacturers of Hand Pumps and its components

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

1. name, address, country
2. list of products, size range
3. special feature, if any
4. c'ross-reference-product/coraponent

areas/regiens where these products have been used

SHORT DESCRIPTION:

r

TIME REQUIRED: One year

ASSISTANCE REQUIRED: (financial, executibnal)

A. less than US? 50,000

B. US$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

CODE AND NAME TASK GROUP I Group D
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'•"•« posMl ?.drirc?s: p.o. lio< I'O, lu'i'sehfridap, the n'^ho.-l.indu
_", y-2 cJ'ice aidrcsu: nv.'V^-ins'.r.int G, voorlj'irg (:hi! liM-jU'.1)

S^*" tcicplionc: O'O - 00 -12 SI, io'.cjr.: worlo'v.r.er ttio h."i:juu, tolcx: 33G04

INTERNATIONAL VJOR1CSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE : Bibliography of available literature relating to hand pumps - deep
well and shallow Veil

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

Exhaustive list with full details of the name of author, publisher and
year when published

SHORT DESCRIPTION:

Please see above

TIME REQUIRED: Q n e y e a r

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$' 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

CODE AND NAME TASK GROUP: Group D
15th Julv. 1976 ..
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r,"«.:•••:.•-_". •.'•I poiMl sdcircfs: p.o. box 110, l( .̂:(.'<:ch.?rid3rt, t!io n^'.horlanJs
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'-•'>> ' tclcplionc: CO - 69 -)^ 51, toicj:.: worlo'v.ntcr ttie ho;iuu, lolcx: 33004

INTE1?NATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER;

TITLE : Preparation of a Glossary of technical terms and selection of
key words

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

This study will be basis for the development of a data bank

SHORT DESCRIPTION:

P

TIME REQUIRED: 1 year

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

CODE AND NAME TASK GROUP: Group D.



£ • > : • „ . / ; ^ ] w h o i n t e r n a t i o n a l r e f e r o n c c c e n t r e f o r c o i n m u n i t y \ v a 1 2 r s u p p i y

f'"..-' •••'••. •.•"•• poil.il sddrcps: p.o. bor 1'.S. loit'^chrndam, tho n':!horl.inUs

•. >'-:'',>r' tclepliop.o: O.'O - 03 12 51, toicj'.-.: worio.vitcr tlio hijuu, lolex: 330C004

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

• ' RECOMMENDATION

for a study, programme or activity

NUMBER;

TITLE : Development and technical improvement of a handpump made- from pipe
and related parts

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

Develop a simple and economical type of pump

SHORT DESCRIPTION:

O

TIME REQUIRED: i y e a r

ASSISTANCE REQUIRED: (financial, executibnal)

A. less than US$ 50,000

B. US$ 50,00 - 100,000

C. US$. 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

CODE AND NAME TASK GROUP: Group D.
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postal address: p.o. box 140. leldscliondnm, the notherlnnds
olfico nddress: nw havcnstra.il 6, voorburg (Iho haguo)
tclephono: 070 - 03 42 51, lelegr.: worldwater trio hague, telex: 33604

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

NUMBER:

TITLE:

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

A 0 r
\ -,

SHORT DESCRIPTION:

TIME REQUIRED:

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US"$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

PRIORITY INDICATION:

CODE AND NAME TASK GROUP:

DATE OF SUBMITTANCE:



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

'* postal address: p.o. box 140, Icldschcndam, tho riolhorland3
o.'fico address: nw havcnstra.it 6, voorburg (tlio haguo)
telephone: 070-69 42 51, telcgr.: worldwalor tho hague, telox: 33604

NUMBER:

TITLE:

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

f o r /a s t u d y , jpr<bqjrarrane\oir a c t i v i t y /

OBJECTIV£ OF THE STUDY, P^OGiRfiM^R OR ACTIVITY:

^0 AxoiicUi-i^ ccui^iUit^ OA

SHORT DESCRIPTION: •*• " ' - • > - v . • , • - : •

» „ - ' ' • • • - ' ' • i t . ' • . . . v . • " • • ' ' • J ' «'" / ' •' ;

/ • • - , - * . . - . - — • • • • - . - • • . " . •

' / • ' . ' / / ' - . • • • : . ' • • • • , - , . '

T I M E R E Q U I R E D : - • LC-: •>{-• J.*-U< ;i V^jjli-lii, Af

3 nri-v/fo. °
ASSISTANCE REQUIRED: (financial, executional)

[A. less than US$ 50,000 j

B. US$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

PRIORITY INDICATION:

" 7

&*

CODE AND NAME TASK GROUP:

DATE OF SUBMITTANCE:



w n ° i n t e r n a t i o n a l r e f e r e n c e c e n t r e f o r c o m m u n i t y : w a t e r s u p p l y

postal address: p.o. box 140. leidschendnin, Iho notherlands
office address: nw h3venstra.1t 6, voofburg (lNo haguo)
telephone: 070-C9 42 51, telcgr.: wotldwalor Iho hague, telex: 33604

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a/study, programme or activity

NUMBER:

TITLE:

OBJECTIVE OF THE STUDY, PROGRAMME OR ACTIVITY:

•+

SHORT DESCRIPTION:

coo/r>

•r c-

j

TIME REQUIRED:

ASSISTANCE REQUIRED: (financial, executional)

A. less than US$ 50,000

B. US'$ 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000

NEED FOR COORDINATION:

PRIORITY INDICATION:

CODE AND NAME TASK GROUP:

DATE OF SUBMITTANCE:



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

postal address: p.o. box 140, leldschcndntn, tho nothorlands
o!fico address: nw havenstrant 6, voorburg (tho hnguo)
telephone: 070 -C9 42 51, telegr.: worldwater tho hague, tolex: 33604

NUMBER:

TITLE:

INTERNATIONAL WORKSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

RECOMMENDATION

for a study, programme or activity

OBJECTIVE OF THE/STUDY',. pJtoGĵ AMME--OR ACTIVITY •)

7/uic
VMtJ: CU -LK-oULc/'/to I/it QMfi? 0<i(y

/ SHORT D E S C R I P T I O N : '•;•'- i / ^ ^ .

•• i , ; f •;•.

(:{

fj-h /.'"•'{ l.-\':'r'.
~ - r " " • / . . . . • . • ' " " ' •

- - - - - • ' • • • • • - . • • ' •

TIME REQUIRED:

ASSISTANCE REQUIRED: (financial,^,

A. [less than US$ SO^OOj

B. US'? 50,00 - 100,000

C. US$ 100,000 - 1.000.000

D. greater than US$ 1.000.000
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'J I

1̂') /rj. (>U..
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LIST OF RECOMMENDATIONS

No.

1
1

o
z

3

4.

5,

6.

7.

» 8-

9,

10.

11.

12.

13.

14.

15,

16.

Title

Value Engineering approach to design and
testing of basic piston pump components
to withstand heavy stress.

Standardization of materials and speci-
fications and test methods.

Hand pump list - well tested pumps.

Design and testing of basic piston pump
: components to withstand heavy stress.

Advisory Maintenance Group

Follow-up Training for operators "Hand
Pump Programme"

The state of the art on Hand Pumps

Directors of Manufacturers of Hand Pumps
and its components.

Bibliography of available literature re-
lating to hand pumps *• deepwell and
shallow well.

Preparation of a glossary of technical
terms and selection of key words.

Development and technical improvement of a
handpump made from pipe and related parts

Comparative study of different kinds of
rural water supply systems.

Priority

•

Additional Remarks

>

-
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? - Continued (-2-)

No, Title Priority Additional Remarks

18,

19.

20,

21.

22,

23.

25.

26.

Total Programme Costs.

Solar energy and rural water supply.

Laboratory evaluation,

Assistance in formulation of national plans
for well/hand pump rural water supply
programme.

Guideline on drilling procedures and
niques as applicable to different ground
conditions.

Community involvement (in a hand pump
programme)..

Existing maintenance systems in so far as
it may affect planning.

Study of manufacturing capacity at
country level.



CHARACTERISTICS SOUGHT FOR HAND PUMPS
FOR

DRINKING WATER SUPPLIES IN DEVELOPING COUNTRIES
# * # * • * * * * • « •

LOW COST
CAPITAL COST
OPERATING AND MAINTENANCE COST

LOW POWER REQUIREMENT
SIMPLE TECHNOLOGY

LOW SPEED
BEARING, SEALS, PIVOTS, GEARS, CONNECTORS, ETC.
COMPATIBLE WITH USERS
LOCAL MAINTENANCE AND REPAIR
RESISTANT TO VANDALISM AND PILFERAGE

LOCAL MANUFACTURE
COMPATIBLE WITH LOCAL SKILLS, MATERIALS, AND OTHER RESOURCES
LOCAL CURRENCIES, LOWER TRANSPORT COSTS
STIMULATE LOCAL INDUSTRY
LOCAL EMPLOYMENT
LOCAL AVAILABILITY OF REPLACEMENT PARTS

SANITARY
RELIABLE
DURABLE
USER ACCEPTANCE

LOCAL CUSTOMS
ANTHROPOMETRICS
ERGOMETRICS

STANDARD PRACTICES
ECONOMIES OF SCALE
MAINTENANCE
PARTS AVAILABILITY AND STORAGE •
TRAINING
COMPARISON OF PUMPS

VERSATILITY
SHALLOW WELL OR DEEP WELL
SMALL OR LARGE DIAMETER WELLS
FORCE PUMP
OTHER PRIME MOVERS
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REPORT WORKING GROUP I

Comments on Chapter 4, "Guidelines on Hand Pumps", by F.E. McJunkin.

It is the feeling of Working Group I, that the scope of the draft handbook

is not very clear, so that we had to make assumptions as to our starting point.

We think that a handbook of this type should deal with the subject in a very

orderly way, and should be very practical if it is to be useful to planners and

executive engineers in developing countries.

In order to complement what is missing, we wrote the subtitles of what we

think should be dealt with in the chapter. We have omitted those paragraphs

dealing with theory, and have tried to include some of a practical nature.

There were examples of what should not be done, and some confusing paragraphs

which we have disregarded. We strongly feel that the new subtitles cover in

a greater depth the subject of installation, operation and management. Although

an attempt was made to cover the subject in accordance with the new guideline,

much work is still to be done, specially on operation and maintenance proce-

dures.

Little importance is given to the financial aspect and to the motivation,

education, and participation of the community.

A glossary of terms and definitions should be included as an annex of the hand-

book .

15 July, 1976
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REPORT OF WORKING GROUP II - TECHNOLOGY, RESEARCH AND DEVELOPMENT

'INTRODUCTION

As part of the International Workshop on Hand Pumps, small groups were formed

to consider further certain portions of Guidelines on Hand Pumps, by Dr.

F.E. McJunkin. Consideration at this time is to be given only to a review of

the report. Those participating in this study are:

Mr. Abrobah-Cudjoe

Prof, de Azevedo Nettp

Dr. Ballance

Mr. Emmanuel

Mr. Fannon

Mr. Henry

Mr. Jagtiani

Mr. Journey

CONCLUSIONS OF THE REVIEW

TECHNOLOGY

It is the conclusion of the group that the technology, research and develop-

ment sections of this report were well done, considering the time allowed for

information gathering, organization of data and the actual composition of the

report, as well as the multitude of material to be covered. However, it was

the opinion of the group that improvements should be made in order that the
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sections might be more useable by their readers.

RESULTS OF THE REVIEW

It is not intended that this brief report contain all of the suggestions

made, but only a discussion of the more important thoughts of the group to

make the information more complete, correct and clear to the readers.

GLOSSARY

It is suggested that a glossary of terms be added to help clarify many of the

terms that are used in the various areas in discussing hand pump technology.

DRAWINGS

In addition to the glossary, those drawings with some call outs might be

more complete utilizing common nomenclature and which is most descriptive of

the component.

ADDITIONAL PUMP DATA

Although some information is given regarding various kinds or types of pumps,

the technology section is quite reciprocating pump oriented. It is therefore

recommended that additional information of similar content be added, concerning

other types of pumps in use, and particularly the chain pump and mono pump

types. This information is readily available and those having this information

have been asked to give it to Dr. McJunkin or Dr. R. Ballance for eventual in-

clusion in the section.

COMPUTATION DATA

Computation for common hand pumps of the reciprocating type seem quite complete;

however, a force diagram of the handle might be added using typical forces to

illustrate the written explanations. It was also felt that typical leverage

advantages ranged from 1 to 3 and that more reasonable numbers might be used

in the illustrations.
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BEARING DISCUSSION

Because bearing are such a critical component, it was believed that the

bearing discussion could be expanded a bit to include importance of low

unit pressure leaving,protected area importance of difference in hardness of

adjacent parts for relative motion, types of bearings with relative costs,

advantages and disadvantages.

VALVE DISCUSSION

Valves are discussed in two areas. Although it is pertinent to call out these

important components in the sequence that they are with, perhaps their funtions,

the main discussion of valves, types, etc. would be better in a separate

section.

SECTION 3.17

It is the opinion of the group that section 3.17 should be deleted entirely and

placed in section on installation, operation and maintenance.

RESEARCH AND DEVELOPMENT

This section is quite dependent upon those in charge of R & D programmes to be

correct and complete in their reporting. A cursory review of programme

presented showed that information not available here-to-fore or increased clarity

could be obtained if up-dating is permissable. Authors or knowledgeable

persons were informed that additional data or changes (that could be

substantiated) would be accepted through the meeting time and Dr. McJunkin

could be contacted for consultation.

There were numerous minor changes, not worthy of discussion in this report, but

were recorded in the master copy for further editing.

It also seemed advisable that meaningful information regarding research and

development costs, man hours expended and calendar time consumed would be

helpful for those readers anticipating similar programmes.

This review was a pleasure and we look forward to further developments.

Respectfully submitted

for Committee II

Robert D. Fannon, Jr.

Chairman
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GROUP 3 - MANUFACTURING - Chairman: Dr. Chakravarty

Covered chapters 2 and 6, also Appendix L/l and Annex A

Points for Guidelines and for Group Discussion

1. We would like to see chapter 2 "Types of pumps" developed chronologically

with the dependence of pump development on available materials technology

emphasized; perhaps as a separate section.

2. The introduction, for a potential user, could lay more stress on the

choices and decisions open to him.

3. The entire foundry section could become an Appendix.

4. We strongly felt the need for full reporting on pump types in current

use, e.g. CREALIUS, BANGALORE, SHINYANGA, etc. giving fullest details of

numbers in use, field experience, maintenance and cost. This could be

a separate section, as we were unsure whether it came in Chapter 5 or

Chapter 6. Possibly this reference information, in loose leaf form,

could be kept up-to-date by WHO/IRC. The form is important as it would

give common ground for pump testing programmes, reporting and comparison.

5. We have not reached conclusions or cost analysis. A value Engineering

approach, each on in a project would be beneficial. Cost ratios, quoted

quantities of materials, man hours, capital and revenue components could

all be more helpful than total cost figures in these inflationary< times.

6. The section on Manufacturers literature should be discussed in more detail

with the aim of WHO holding a full, categorized directory.

7. Likewise to (6) on published work on hand pumps.



M.
Some comments on the Interim Report -

"Guide Lines on Hand Pumps..„...," by F.E.McJunkin

Prepared for the WHO. IRC. CV/S ,

1. The report rightly emphasises that the "hand pump is a small

technological instrument in a large sociological system", and this is

shown centred around the users in the diagram in Fig. 1-2, However,

the various aspects of this broader view described in the report are

. limited almost entirely to the use of the water lifting equipment. The

choice of water well construction technique and the programmes to cany

these out, have been overlooked. Water pumps, and the strategies and

programme.':; to organise their maintenance, are only a small part of the

total cost of improving v/ater supplies in either rural or urban areas.

You know that we hs.ve prepared a manual on well digging. During

the course of preparing this publication, I have become enlightened as

to the scope and potential of this technique in comparison with surface

constructed, small diameter wells. Running construction programmes is

cheaper per metre of constructed veil because of the fewer skills in-

volved; thsro is much greater scope for a multiple use of equipment in

integrated programmes building toilets, water tanks, grain bins etc.,

which all use cement and steel reinforcement; the choice of pumping

equipment is correspondingly larger with the larger diameter of hand dug

wells. Hand dug wells cannot, of course, be used in areas of deep water

table (greater than ̂ On from the surface).

This seems to ins one of the most serious omissions from the report,

J<A. to- \\s+* ~ b-\ k

The assumption that "appropriate, intermiediate low cost..<,o.

technologies" are concerned primarily with localljr produced, low life

equipment is incorrect. Surely the reason for the current interest in

hand pumps is because the pumps in use now are inappropriate?. Any

approach which improves v/ater supplies in a more positive way is surely

to be called 'appropriate1,, The error in this thinking is important

because it relegates the critique of 'appropriateness' to hardware, where-

as the criteria are much more profound than this. Pacey's contribution

outlines this difference clearly, taking the social goals as the starting

point. V/ell pump programmes then become part of either short term 'welfare'

or longer tar.1:! 'development'.



Schumacher has caused widespread confusion with his hazy distinction

between the social, economic, and purely physical aspects of the term

'intermediate technology'. The report makes 'appropriate technology' a

noun, whereas it is surely a critique of doing and describing doing,

i.e. a verb or adverb.

3» The report is an interim one, and the final document will doubtless

,\ be revised. Who is it aimed at? Development workers will be confused by

"1 the hydraulic equations, for instance, which complicate the matter. If

these have been included to make the simple positive displacement pump

respectable to highly trained engineers, then this should be clearly stated

in order not to discourage practical artisans, or non technical administra-

tors .

One general comment for the revised report is that it should be consid-

erably simplified, more in line with the N.A.S. type publications, for

instance. Leave the complex stuff out, or publish it as a supplement.

4. The classification of well pumps is confusing. The report starts out

by concentrating on the piston typo pur.ip, then includes later sections 011

othor typcy of pumps. It is clear that this former pump has and probably

will constitute the most common type for water wells, but it narrows the

field too early in tiio report. The publication would be better to start

out with the naino - 'Water Well Pumps', and from this stand point develop

the obvious case for the piston pump. It is essential that the 'systems

approach1 be kept open and fluid so that equipment of whatever sort is

seen as only one contribution to the system. Concentrating on piston type

pumps closes the openings right from the start. This comment is related to

my first comment„

5. The health aspects in Section 1-1 could be expanded to emphasise the

health benefits from increased volume of water use. Lifting adequate amounts

of washing water from a well is laborious even with the best of equipment.

6. Cast iron parnps manufactured in s;7:ail foundries are given pz\or.!ino;iCG.

This overlooks the much more widely distributed skills of the blacksmith.



There is surely a strong case for batch production of pumps using good

quality centrally produced steel worked by'tools, by either hand forg-

ing or even w.eldjjjg. Repairing a poor quality cast iron pump is diffi-

cult, whereas repairing a pump made from locally forged parts is

relatively easy, (it is not reasonable, of course, to expect to con-

struct pipes by forging or welding). The 'Jalna' type pump can surely

be made from welded or hand forged parts more easily than it can be

cast.

7. A technical point. The foot and plunger valves may well be

improved by using the high strength non-return conical valves at present

being developed for the Vator Supply Industry. These will initially be

more expensive than the vail valves, but will have a much longer life.' '



the draft report on "Guidelines on Hand Pumps" in very

comprehensive ;t;id V-.'oll-ro pared. I t its evident that a lot of

effort has (;one ir.to i t , 0/::o report in it;i final fo.rzi ia bound

to bo ?. useful companion to both (lesi&nera, usera and other bodies

with hand punpa.

I t jl.o iry feeliu.-; that chr.pter 6 on tho local nanufactu.ro of hand

purjoo should not li;.;.it tho manufacturing r.ethoda to canting only.
Icr

Oboorvntiona similar to c<iytii!r; could bo Mtlo welding. In my

environment and certainly ia some Other countries i t lar.y ts

worthwhile on account of the availabili ty of fncilitior; and t!ic

requisite fjlcillr; to resort to v;oldi:if; sw & fra:tiblc prcduoli.on

method. V'e at U;0 Univei'L-.ity of Scienco «.': O'echnolo^y, Kun^ai, Ghana,

have bonn able to prc-u'ice f:.o.!;J sjf.actoi-i.ly w;l(l«d pimp bodies,

• . ' . . ' ! ' ' , - ' • • ' • • • - ' , »

(1) r'%."̂ :o;̂ rap'1 i.e...1 : int.'-^n: A nuriber of tyjio^j-ctphical yiata'ri'o

appear in tha pi^xn. i'iione can to readily spotted out and corrected,

(j.x) SyyteTâ _of_ un_it_;;: A dual ays tew of Units metric mid iuporial

appoara to bo uccd, but not conoistently followed throughout tiie

report.

( i i i ) Ti t le : The t i i lo of the report could bo "KM.'W FUNP3 for use

xn iri^jic wr-.ter supplies"

Should i t be limited to developing countries only?

The follo-rfinj aro comwnts on sons spscific pag

5 12 the statement does not apply to the developing countries only.

2-3 ( i ) "<>... . . . . a part o.f.-.,...... pipe" should rend "lire.3-2iLre_ojA

(3) (a) I'i'.c weight of the prir-vlng i.wt'jr counts here. Hence modify

second sentence thus : "V/hen the. pressure plunger,

pluo the weight of the valve and cf the priming, water, the a i r .

(b) There should be a staterjc.it to the effect that at tho bottom

of the stroke the plungor valve cloaca.

3-3 Equation 3-3 and 3-4 ia-ay alao read like

P £; RM and H ^ AiU^

3-7 . the fulcrus nu.ot be identified in Fi^. 3-4 and the mlaaing arrows
supplied. ' •«

3-8 E'aoro are Kissing arrows in Fig. 3-5

3-10 3 Failure,aa described .voauJ.ta fron j-and̂ ine;.

^ / o. , , ,



Erv̂ fl Lino

3-1 6 n.j»;it r.oi'erinco i;o "•>:-.'•;"v:;•?:" in thi.'s sentence iu

not clear,,

5-17 12 Reference be rathor mcdo to fî *. 5-7 on lino 9

4-2 TJie sections isay be identified with different

let ters .

6-1 . 25 Gray iron foundries way bo y.Uii!Jii.tLTL2. ^ n A-rn-a

but not thx'oug/iout the whole of tho developing

ccrunti'ics.

6-2 Reproduction of Fir, 6-7 poor; i t ira d i f f icul t

to road.
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Drs J.M.G. van Damme

4 June 1976

Ref.BD«I3C/5S/308

Guidelines on Handnumos

Dear Drs van Damne:

I have had a chance to go through the guidelines, 'while waiting
for fresh prints of the drawings. I think that most of my
observations are already covered by rny papers, so I have very
little to add here.

The guideline goes a long way in bringing handpump technology
from an art to a' science. It certainly seems to be comprehensive.
The only question I would raise is regarding its distribution.

I would wonder if limited distribution might be preferable
to a more universal one. So many models and ideas are discussed
that it might confuse someone not fully involved v/ith handpump
technology.

Also, much of the applied work at field level has only been
done in the past 4-5 years. Much of the results of this work
are only just now finding extensive application.

A guideline is intended to guide. But the present draft presents
many options, but few conclusions. Publication of a formal guide-
line might wait until the options have been field tested exten-
sively enough to v/arrent some firm conclusions.

Some ox the work is still in a rather unconsolidated form.
Perhaps within 2-3 years, a great deal of the work will have
reached a more advanced stage. I wonder then if it might be
worth considering issuing this guideline as an interim report,
v/ith a full guideline to be published in a few years.

2/
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My other general observation i3 that the most productive
"benefit per cost ratio in promoting handpump technology
from now* on would be at field level. Money would be well
spent employing technicians and researchers at field level
to evaluate designs now in use, and put to wider test ideas
yet in the prototype stage.

In addition to these general suggestions,! can offer the
following detailed comments on the text,

1. U}IIC3F\programrae commitments for new no.6 handpumps
total about 300,000 units, to be installed between
1972-1973/79.

2. The hur.an engineering aspect is quite important, We
may reconsider a slightly curved handle, rather than
straight, if it is found that a curved handle is easier
to pump, especially for women and childrens.

3. Parei,3,-11, Para .3.3

\!e have not yet tried flame hardening, but have asked
some of the suppliers about it. The one apprehension
expressed was that of stresses in the iron resulting
from heating one section of the part more than another.
This is beyond my competence, but perhaps the point
could be raised at the workshop,

4- Page .3-13 Para ̂3 ..10

Vfe are now trying various plunger designs based on one
or two discs, with and without flapper valves. It is
too early to decide on this. Hopefully however, elimina-
ting the poppet valve and a number of the machining
operations will reduce first cost as well as working
better and lasting longer.

5. Page 3-13 Para 3.11

Me have not yet substituted PVC for leather as a check
valve material. Early samples did not keep a good seal
overnight. We are now trying some softer PVC check
valves, which may work. ' .. .

\Ie are also trying various configurations and degrees
of softness for the PYC bucket to see if we can optimize
performance.
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6. Page 5-15 Para 3.12

FVC cups are currently costing less than two Taka each
compared to four for a good quality leather cup. (16 Taka=
1 C US.) That is about % 0.12 each. OW'vc) •

7. Pa/;e 5-h Para 5.2.3

The Battelle deep'well pump with sliding bloc]1: design was
tested in Bangladesh. In about 3 months the block wore
a 2" hole in the slide. The assembly was dismembered and
sent back to Battelle via U1IICE? HQ.

Q' Pâ ;e 5-2.2 Para 5-5

A report on the development of the handpunps in Bangladesh
from" 1972-76 is enclosed.

9- Pare 5-23 Para 5-5.1, (3).

Piston rod utilizes jam nut only at plunger end. Tho
3attelle "rod end" casting v/as replaced by a forged mild
steel head, which eliminated a lot of practical maintenance
and operation problems. This is indicated in the enclosed
drawings.

10. Page 5-25 Para 5,5.3

The length of steel pipe used to join the handpump to the
PVC pipe is 20?. Also we are now switching from threaded
joint FVC pipe to solvent joint, the latter having thinner
wall section, thereby resulting in considerable economies.
Sekisui is providing the solvent cement in specially

, ̂ ^ designed 50 gm "tooth paste tubes" at our request.

11„ Page 5-51 Para 5.7,1

"Many of the ideas incorporated in the Bangladesh pump
described earlier." should read Bangs.lĉ re pump.

12. Pa/:-;:? 5-56 Para 5-7.4

\!e are using a Dempster PVC cylinder for our deep well
pumps. Results so far are good. Price is considerably
cheaper than brass. \Ie tested three for about a year and
are now getting ready to instal 500.
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I hope these comments will be useful, and once a^ain wish
you the very "best for the workshop.

..Yoursy/ery t

a
Dy. Water Programme Kanager
UIIICEF, Dacca.

cc : Mr. Mart in Beyer, UITICEF, HYHQ
Mr. H . J . L o t j e , UrilCEF, IIYIIQ
Mr. A. Robinson, UIIIC2F, IVfllO.

cc : Messrs . J .F.Sliav/cross/John D. Skoda
UI-ilCET, Dacca.
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PAN AMERICAN HEALTH ORGANIZATION

^x^2!^^^^^ Pan Anw-ican Sanitary Bureau, IkgionaC Office of t/ic

iW-i, m WORLD HEALTH ORGANIZATION

820 TWENTY-THIRD STREET, N.W., WASHINGTON. D. C. 20OS7. U.S.A. CABLE ADDRC8S: OP'SANPAN

IN REPLY R E « « TO: „ „ . , , , . „ _ M nn te,a ,^ TELEPHONE 2 2 3 . «7OO

6 July 1976

Drs. J. II. G. vaa
KHO International B.f;i;erance Ceatre

for Couu-j:;tiicy Water Supply
l?w. Havei:n:traat 6
Voorburj (Trie Hague)
The Netherlaiide

Dear Hans:

In reply to your l e t t e r (Ref.10.17C/May 11, 1-7S) on
hand punr/a, I j u s t want to l e t you know tU;t- X hives b.?..»;i i;x co;\*:•:.;'.:•:
with Processor i'^ju^kia and have disCwSiitjd at lcnr,cli. /.":/ ic-^au
the Haad Pumps doccaieat.

I t i s good as far as ic f-oi'j. I t i:, a etaua .£ t . ' ; crv.
docunoii!:. Kow vhat we Have to »V, ixi tT<.c Ii:.*»--i voric oJ i:i:l;.i^.v:..; ,
the problea. What t-j« ncead ia a pisji tua t i j ;

1. Iaexpeasivs to t ^ s ( ' U,::^3 f/- UC$30)
2. RequiJ:a;3 "tO.1 hoiv:r;-jox:-or .".:. c•/••<:••*<.&&
3 . Gas; a uiairi ' i i o£ E;.DVAI- r ...livCa
4. Is e-.v-;y Co opcralio; ••,sA r. J.h.-:,(.:i.?i.
5. C^a be rcpaiire.3 ••lor.-nlly
6. Kacy to /rspltcs
7. All bcc.i-ia^s vjill bo o£ thej lot? nreoeuj-c type and

could L;; iznJe oS ci.2. acsl-^d at;;.d.

Thio i s a t e l l order bat, I â i sure tho par t ic ipaa ts &t the
meeting wi l l have son-a ideas.
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EXPERIMENTATION AND PERFECTIONING OF THE VERGNET PUMP

by G.Garara (Upper VoltaJ

1. Introduction

The CIEH has since long undertaken studies on exploration conditions of

underground waters in tropical Africa sedimentary formations, eruptive

and metamorphic and such.

The main conclusion drawn from these studies has confirmed that drilling

constituted a more rational means than wells for the exploitation of

cristalline formation water resources. Indeed, their discharge is greater

and costs are lower when large numbers are required.

Therefore one may say that the mastery of manual pumping is the key to

the generalisation of exploitation by (means of) drilling, that is to say

the condition for a satisfying water supply (quantity as wel as quality)

to villages in the cristalline substratum areas.

In Western Africa and in CIEH member countries, tens of thousands of villages

are concerned with this problem. Unfortunately, pumping equipment used until

today are rapidly and often out of order (rapidly and often suffer from

breakdowns)fwhich implies considerably maintenance costs for these countries

that-they are sometimes not able to assume.

2. Experimentation of the hand pumps

It is in this light that the CIEH has undertaken, since 1974, the field

experimentation of several types of hand pumps. More than 30 pumps are actually

installed in the Koupela area, 140 km east of Ouagadougou. These pumps are

attended by a CIEH engineer and are of several makes (ABI-ROYAL, Bodin, Godwin,

Brian, Uganda, Vergnet, ... )

The experimentation carried out by the CIEH has been possible thanks to the

help of WHO Geneva and UNICEF

After two years of experimentation under field conditions of several types

of hand pumps, the causes of the most frequent breakdowns have been found,

they always occur at the control rod, the ascles, the piston pegs and rings.

At the same time, Mr. Vergnet, then in Upper Volta, has completed, together

with Mr. Benamour, engineer at CIEH, a new sort of pump we think should be

more robust than any other equipment used until now.
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The pump in question has hydraulic control, is completely made of PVC where

underground parts are concerned. Control is achieved by means of a pedal

moving in a vertical direction, there is therefore no problem of levers,

ascles or pegs. All above-ground parts are made of rustproof steel.

This pump has been created so as to confirm to usage imperatives under

African conditions.

2.1 Financial imperatives

construction costs; the simplicity of the construction and the use of

. plastics should, when produced in large quantities, the price

which is 80.000 francs CFA (1.600 FF) at the moment.

transport costs weight and space being produced (20 to 30 kg), packing

will be easier and transport cheaper

installation costs a quarter of an hour is sufficient for two persons

to install the pump on a well or a drilling hole, and this without any

heavy equipment

maintenance costs: maintenance on the spot, at its most uncertain under

African conditions, has been suppressed, there is no oiling or adjusting

to be done. There are no friction parts inside the well, breakdown risks

are reduced to the pedal joint. The new type of joint adapted to the

new series of Vergnet pump allows the assumption that breakdown risks

will be non-existant.

2.2 Usage imperatives

This pumps is adapted to water pumping at all depths (0 to 50 m.) with

discharges equal or superior to that of existing pumps

The great use of plastics suppresses corrosion and . - - _ disadvantages.

- The hydraulic control allows installation of the surface element at a

distance from the exploitation point, which permits an efficient closure

of the drilling or the well and avoids direct pollution of the under-

ground water.

The pump is adaptable to every type of drive: engine, wind mill, solar

pumps. Mechanization attempts are being made on the Vergnet pump by the

CIEH in Senegal. Mechanization of this pump will give discharges of

approximately 3-4 m^/h. for pastoral and small irrigation uses.
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3. Functioning

The pump comprises:

a hydraulic press with simple effect (cilinder-piston entity)

a control canalization

a driving back canalization

an immersed lower body made of rigid enclosure inside which a suction valve

and a driving back vadve lead the water to where it is used.

When the driving fluid is pushed back by the piston into the elastic chamber,

the latter expands and pushes the water from the rigid cilinder through the

driving back valve. Throughout the extension valve remains closed.

When the force exerted on the piston stops, the eleastic chamber restracts,

and drives the fluid it contains into the cilinder, and forces the piston

automatically back into its upper position.

The contraction of the elastic chamber causes the inspiration of the water

from the well or the drilling hole into the rigid enclosure, the driving back

valve being kept closed throughout the inspiration phase.

3.1. Automatic starting device

The pump being immerged, the water pressure causes the valves to open, and at

first the rigid enclosure and the driving back canalization to be filled

to its statical height. Secondly, the elastic chamber will be filled as wel as

the control canalization by means of the restarting valve.

Then the piston is set in action, the air - although compressible - will cause

a slight extension of the elastic enclosure and a certain amount of water is

driven back into the driving back pipe. This water, when the piston is in its

upper position and the orifice is free (the air can thus escape) goes through the

restarting valves and fills the primary circuit.

The volume becoming smaller in the control circuit, the piston action becomes

more and more efficient and a few pedal strokes will fill the control circuit.

The pump is then ready to function.
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3.2. Automatic_purge

If air enters the control circuit, the secundary circuit water under slight

pressure will pass through the restarting valve and will thus purge the

circuit, the air being able to escape through the aperture made in the upper

part of the cilinder.

This slight pressure is obtained by making the driving back canalization let

out above the control cilinder.

The originality of this pump lies in the fact that the return to the initial

stage of the control circuit and the inspiration is achieved automatically

by means of the elastic chamber retraction. Indeed, when all action on the

piston ceases, the latter will return to its higher position without

any external intervention, the energy needed for the piston to go up again

having been accumulated during the active extension phase.

Furthermore, let it be mentioned that the user of the pump makes use of his own

weight to set the piston in action, he only needs to climb on the pedal, to

let himself drop and to raiss the handle to make the piston return. The movement

made equals that made when going up the stairs.

3.3. Construction details

Plastics are ample used, the main part of the pump being made of PVC, the

control and driving back canalizations are of supply high density polyethylene.

The valves are plastic, only the cilinder and the piston control rod are

metallic (rust proof steel and brass).

3.4 Experimentation of the Vergnet water pump

Since July 1974, this pump is being tested in the villages and results therefrom

have made it possible to perfect the construction of certain parts, such as

the control pedal conductor, the piston and the valve box of the inferior

body.

One may assert at this point that this pump is not adapted to real usage

conditions and that it is in a position to fulfill its expectations: no

maintenance, great reliability, discharge comparable with that of actual

pumps. Indeed, one can achieve 1,5 m /h. at 7 m and 1,2 m /h. at 20 m.

It is expected that these performances will be improved on and that higher

discharges will be achieved by the optimalization of the components: piston

diameter, characteristics of the elastic mantle.
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Comments on the Draft Guidelines on Hand Punips by Mr. E. McJunlcin

From: M. G. Beyer, Adviser
Drinking Water Programmes
UNICEF Headquarters

New York, 19 May 1976

oOo

Page '2-1: It would be worthwhile putting up the book "De Re Metallica"
in the literature reference, preferably the English transla-
tion by Herbert Hoover. Even if most of the pumps shown there
were for the dr-airing of mines, "they are nice examples of
appropriate technology of their time.

Page 2-7: No mention has been made of the screw pumps ("Mono pumps")• .In
my rapid reading I may have missed out on that one somewhere.
Although they sre quite overpriced, they constitute quite a
successful construction.

Page U-2: The examples shown for hand pump installations for wells and
infiltration galleries possibly might be supplemented for sake
of completeness vith filter screen wells and open drilled wells
in hard bedrock with proper sealing indicated on possible
drawings.

Page U~5 To the chapter on operation and maintenance, elaborate these and
and quote some of the relevant literature in the text as x\Tell,

following: including Pisharoti's Guidelines (already included in the biblio-
graphy) and possibly Whitefs book "Drawers of Waters".

Page 5-6: In the figure of the Battelle pump as well as in some of the
other reproductions of pump drawings, a clear indication of the
scales in millimeters or inches would be helpful.

Page 5-28: For the Vergnet pumip, the text speaks of a "control hose". Is
this the same as the "pilot pipe" in the drawing?

Page 5-31? As you probably know, there still are certain restraints to the
Vergnet pump, which presently the inventors and the manufacturers
are trying to eliminate. An additional difficulty might be too
great a degree of flexibility in the plastics hoses, absorbing
some of the water volume that should go into the diaphragmatic
hose on the downstroke of the pedal. The "regid cylinder" on
the figure probably should read "rigid".

Page 5-35? The most recent development on the "Petro" pump makes it now
possible to include more detailed material and illustrations of
this particular type. The name of "Persson pump" is no longer
used.
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Page 5-36: Mention should also be made of the pump developed by Tim Journey
with his use of a pendulum to facilitate the human traction. The
World Bank certainly can provide data through its Rural Develop-
ment Division or through Mr, J. Kalbermatten.

Page 6-16: The rack and pinion principle of the pump head of the Korat pump
from Thailand would be worthwhile mentioning, including possibly
a drawingo

Page 6-lii: As to the reference on the Journey pump here, I.suggest you
better check with the World Bank (see also page 5>~36).

Bib-6: Now you could also include reference to the new bulletin by the
IBRD: World Bank. Village Water Supply, A World Bank Paper.
World Bank, V/ashington, D.C., 95~pP* March 1976O

Bib-11: Mr. Unakul, to whom reference has been made in several places,
I believe spells his name with a u at the end, not an e_.

Bib-12: Although the book does not concerns specifically with pumps it
might be worthwhile to include White, Bradley and White, Drawers
of Water, in the bibliography.

An index also would be very helpful for rapid reference.

In addition to the above after further consultation with our Supply
Division, the following general aspects of commercial hand pumps might be
elucidated more in detail,,

1) closed vs. open top cylinder, the latter being much more expensive*

2) smoothness of the interior of the pump cylinder, mashining or
brass lining etc.

3) more details on cups of different material.1?.
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INTERNATIONAL WORICSHOP

ON HAND PUMPS

The Hague, 12-16 July 1976

UNICEF - BANGLADESH WATER PROGRAMMES

OUTLINE NOTES FOR PRESENTATION

By J. P. Shawcross, July 15, 1976



Introduction: Unusual programme. Unusual situation.

1. Evolution of a partnership - WHO mid 50"s; USAID early 1960's;

UNICEF from mid 1960's; massive expansion from 1971. (Govt;;

UNICEF; WHO).

2. UNICEF water programmes with Directorate of Public Health Engineering

(D. P. H. E.)

a. 1,200 "Deep" wells - completed mid 1975.

b. 160,000 Shallow wells - completed mid 1976.

c. 155,000 Shallow wells - just started, complete mid 1979.

d. 5,000 Deep wells - 500 completed, overall completion mid 1979.

e. School wells, fringe area town wells, Non-government organization

wells - approximately 50,000 to be completed mid 1979.

3. UNICEF manual irrigation water programmes with Integrated Rural

Development Programme (I. R. D. P.)

a. 10,000 Shallow irrigation wells - completed May 1976.

b. Research development and extension project - to finish mid 1979.

c. 50,000 Shallow irrigation wells - complete May 1978.

4. Overall rural drinking water situation (Public and private wells).

1970- 400,000 wells - 30 percent of population served

1976- 600,000 wells - 60 percent of population servec

est.1979- 800,000 wells - 80 percent of population served.

5. Bibliography - UNICEF Interregional Water Workshop - Dacca May 1976

and other reports.

a # Shallow handpumps design - Summary - Phillips - Circulated.

b. Handpumps in Bangladesh 1972-76 - Phillips - Circulated.

c. Outline of Choices associated with Handpump tubewells programme

and handpump design - Phillips - Circulated.

d. New No. 6 pump drawings - Available UNICEF Dacca.

e. Bangladesh Programme - Summary of Developments 1972-76 - Shawcross

UNICEF Dacca.
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f. Use of PVC Casing Pipe and PVC well screen in Bangladesh 1*5 inch

diameter tubewells - Shawcross - UNICEF Dacca.

g. Specifications for lh inch diamter tubewell PVC materials - •

Shawcross - UNICEF Dacca.

h. Documents for local procurement of cast-iron handpumps - Shawcross/

Phillips - UNICEF Dacca,

i. Observations on UNICEF's experience with Battelle Pump Design in

Bangladesh 1972-75 - Phillips - UNICEF Dacca,

j. H. P. T. W. in Bangladesh, Distribution and Use February 1976 -

Shawcross - UNICEF Dacca,

k. Bangladesh Micro irrigation for Family Food Production - Griffith/

Karim - UNICEF Dacca.

Copies of the above may be obtained from Dr. John Skoda, Chief Water

Section, P. 0. Box 58, Dacca, Bangladesh. One copy of each is

available for inspection with John Shawcross.

6. Slides and photos.

7. Research works (relevant to The Hague International Workshop.

Status

a". Redesign of Shallow and Deep well based on PVC Completed

materials based on thin wall solvent cement

PVC pipe

b. New No. 6 pump and components Intermediate
completion

c. New No. 4 pump and components Intermediate
completion

d. New No. 2 pump components and well Prototype made
under testing

e. Manual irrigation pump selection and Various model under
preliminary review

development

f. Testing PVC (Dempster) deep set well pump Satisfactory after
one year — tests

cylinder - testing Sholapur - well head

g. Joint UNICEF/WHO Survey effects of tubewells on Details under
discussion

health - nationwide survey. , . ̂ .
* implementation WHO

Smallpox team
September 1976

h. PVC bucket (cup) comparisons In progress.
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8. Rationale of pump selection (Refer Phillips report).

a. Factors to be considered: - Tradition; existing pumps; cost of

well; cost of pump alternatives; intensity of use; stresses on

pump; type of maintenance organization; social attitude of

population served; local production ability.

b. Actual secjuence of events - drawings last.

c. Objectives - Keep largest number of people with steady water supply

at least cost; make pump most suitable to obtain this objective

the naturally accepted pump.

d. Programme 50,000 wells per year - total 350,000 Govt. wells. Then:

(a) save $5 per well = Save $250,000 per year.

(b) increase percent in operation by 10% = 9 months construction

value = $3.5 million

(c) decrease well life 5 years (say normal 15 years) lose 1/3

investment = lose $1.5 million per year.

e. Construction demands - Intermediate solution essentially unable to

wait for perfect pump - go as far as possible in time but remaining

conservative - then freeze into production runs.

9. Maintenance and design of pump - More important than pump design. With

regular maintenance any reasonable pump design will be kept in operation.

Pump design can help by: -

a. Reducing frequency of repair.

b. Making repairs easier for Gov't. and private mechanic.

c. Reducing number of spares needed.

d. Spare available locally due to standard design.

10. Effect of ownership - extremes. The more remote the ownership

generally the longer the interval between maintenance visits and

therefore the more expensive the pump needed.
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DEVELOPMENT OF A HAND OPERATED WATER PUMP
FOR DEVELOPING COUNTRIES

by

R. D. Fannon, Jr.

INTRODUCTION

A great number of requests have been received for information

regarding the AID-Battelle program to develop an improved hand pump for

rural domestic water supplies. Special funds have recently been appropriated

to compile the results from this work to date and make it available.

BRIEF HISTORY OF EXPERIENCE

Early in 1966, the Agency for International Development (AID)

and the Battelle Columbus Laboratories (BCL) discussed the increasing need

for rural water supply systems for developing nations. It was decided

during these meetings and subsequently substantiated that successful

domestic water programs must be carried out within the country for which

they are intended. Such programs not only provide a more reliable water

system but also stimulate industry and business within the country.

The most basic need apparent was for a dependable hand pump.

Basic specifications for such a pump were established early in the program

and without exception they still prevail. These specifications are

(1) Low production costs

(2) Long life under severe conditions

(3) Easy to maintain with simple tools and unskilled labor

(4) Suitable for shallow or deep well installations with

only minor changes (cylinder location)

(5) Capable of being manufactured by established firms

within the developing countries and/or with a minimum

of capital investment



(6) Easily operated by small people, including women and

children

(7) Include design features which will discourage pilfering

and vandalism.

A shallow well pump is defined here as a pump in which the

cylinder is attached to the pump body above the ground. A deep well pump

is defined as a pump in which the cylinder is separated from the pump body

and submerged below the level of the water being pumped.

In addition to these specification, it might also be appropriate

to note here that any rural domestic water program of any size must contain

the following:

(1) Funds must be available by which pumps can be made

and wells sunk and/or means by which pumps and their

installation can be purchased by consumers.

(2) Facilities must be available or provided in which pumps

and associated products can be fabricated.

(3) Governmental organizations or private sales organizations

must be available for pump distribution and installation.

This would also include well drilling.

(4) Means must also be made available for spare parts

distribution and pump maintenance.

(5) Effectiveness of any program depends upon good

coordination with the local people in regard to operations

and pump configuration. Each area can be different depending

upon the local conditions, customs, and aesthetic values.

The program to develop an improved domestic water pump was con-

ducted by Battelle for AID in three steps.

(1) Examination of existing conditions .

(2) Pump development and laboratory evaluation

(3) Field evaluation programs

Although steps 1 and 2 have been completed, some development in terms of

improvements is still going on.



In the many visits to various developing countries the following

conditions and practices are found to exist:

(1) Lack of pumps and facilities to make them

(2) Some areas had pumps given them, but many different

kinds with little or no maintenance and with improper

parts

(3) Lack of community spirit toward community water supply

systems even to the extent of vandalism

(4) The reluctance of government officials to act as

positively or as effectively as they could

(5) Inadequate pump design, both those made in the country

and those being imported. The inadequacies may be

described as follows:

(a) Cylinders too rough

(b) Plunger cups improperly sized (generally too large)

(c) Highly stressed fulcrums and handles

(d) Bearing surfaces too small

(e) Valve seats poorly cast and machined

(f) Fasteners (bolts and nuts) poorly made.

(6) Inadequate storage facilities--many of the parts are

so deteriorated that they cannot be used.

(7) In many areas hand operated water pumps are in such demand

that even so-called good pumps will not stand up under

such rigorous usage. Good maintenance programs are required

under all conditions.

A deep well and shallow well pump configuration was developed

incorporating improvements for many of the deficiencies noted. Sample

pumps were tested in the laboratory and currently a field evaluation program

is being conducted in three areas: Bangladesh (in cooperation with UNICEF),

Nigeria (under direction of CARE), and Thailand (under direction of AID).

The actual pump configurations vary some from one country to another, as

it should, but the major design points remain the same. The pump config-

uration to be described reflects the latest field findings.



PUMP DESCRIPTION

Figures 1 and 2 are assembly drawings of the shallow and deep

well pumps, respectively. A parts list follows the drawings for convenient

part identification. It can be seen that there is little difference in

the pumps except for the cap and fulcrum. It might be noted that the deep

well configuration could well be used on both daep and shallow wells; however,

the initial cost would be slightly higher than necessary for the shallow

wells.

General Description

Except for the steel pipe and a few other parts, the pump is

gray cast iron with a composition as close as possible to that shown in

Table 1.

TABLE 1. RECOMMENDED SPECIFICATIONS FOR FOUNDRY PIG IRON

Silicon Carbon Manganese Sulfur Phosphorus

2.50 - 2.75 4.10 - 3.85 0.50 - 1.25 0.05 max 0.30 - 0.50

2.76 - 3.00 4.05 - 3.70 0.50 - 1.25 0.05 max 0.30 - 0.50

3.01 - 3.25 3.90 - 3.65 0.50 - 1.25 0.05 max 0.30 - 0.50

3.26 - 3.50 3.85 - 3.60 0.50 - 1.25 0.05 max 0.30 - 0.50

The carbon ranges listed are to be used only as an indication of the

desired carbon content of the pig iron. It is very difficult, if not

impossible, to make foundry pig iron to specified silicon and carbon

contents. However, the carbon content and silicon content should be in

balance in order to produce gray cast iron castings with less variations

in composition. The silicon content should and can be supplied to the

designated ranges, and the carbon content should be reasonably close to

the values indicated. As an example, the silicon content may be specified

as 2.76 to 3.25 percent - the corresponding carbon content should be in



the range of 4.05 to 3.65 percent. The carbon contents are shown in a

reverse order intentionally because as the silicon content increases in

pig iron, the carbon content will decrease.

Coke specifications are also necessary to.produce a satis-

factory product. Table 2 indicates minimum standards.

TABLE 2. RECOMMENDED SPECIFICATION FOR FOUNDRY COKE (WEIGHT PERCENT)

Fixed Volatile Ash Sulfur
Carbon Matter Content Content

88.0 min 1.0 max 12.0 max 1.0 max

The values specified are to be used as a guide when purchasing foundry

coke; however, every effort should be made to obtain foundry cokes that

have a minimum ash content. An 8.0 to 10.0 percent ash content is very

desirable. Sulfur content should also be as low as possible. The higher

the sulfur content in the coke, the higher will be the sulfur content of

the gray cast iron produced, and the greater possibility for metal problems

caused by excess sulfur.

General Construction Details

The sample shallow well pump cap. provides a strong fulcrum for

heavy use and the deep well cap provides firm wear resistant surfaces.

The pump has a 7-1/2 inch to 8-inch stroke which is quite important

when the water table is low, and a 6 to 1 ratio handle to help ease pumping.

The center section is made of steel pipe and within limits can be made

various lengths increasing or decreasing pump heighth. Jam nuts are

used at all pump rod connections to help prevent rod separations. The

pump base is sized to fit over 6-inch well casing and will accept 1-1/4"

to 1-1/2" drop pipe. General construction is such as to stand up under

heavy use and yet be as light as possible.



Cylinder Construction

Laboratory tests and field evaluation indicate the secret of

long cup life is the smoothness of the cylinder in which the plunger

operates. An extruded brass cylinder has a smoothness of 8 to 12

micro inch (CLA) . In contrast, some of the machined iron cylinders taken

out of storage were so rough (over 600) due to rust and poor castings that

measurements were hard to make. Better castings with more careful

machining measured between 200 and 300 micro inch (CLA).

To obtain a very smooth finish, coated cylinders were developed.

Two types of coated cylinders have been tested in the laboratory. One

coating consists of an epoxy-phenolic resin requiring a low-temperature

bake as part of the curing process. This coating is the toughest and most

wear-resistant of the two coatings with a smoothness of 12 to 18 micro inch

(CLA). This coating performed well in limited field use and would bo pre-

ferred if baking facilities can be made available. The second coating is

an air cure epoxy coating which is not quite as tough and takes longer to

cure than the baked coating. This has a smoothness of about 40 micro

inch (CLA). This coating has no field evaluation to date. Both types of

coated cylinders can be used for shallow well and deep well pumps and are

quite inexpensive to apply.

As an alternative, plastic pipe may be used for cylinder construction.

Polyvinyl chloride (PVC) plastic pipe is as smooth as extruded brass,

costs much less than brass,and field tests have shown it to wear as well.

It is recommended for deep well applications. Although the PVC pipe cylinder

is more expensive than a coated cylinder, the ease of manufacture (a simple

cut-off operation) makes its use for sleeves in shallow well pumps very

attractive.

* Center line average



^.- k—-

Cups and Valves

Good quality leather is recommended for making plunger cups.

Dyes should not be used; however, wax impragnant is acceptable. No special

treatment has yet been identified; however, a particular tanning or special

treatment may be indicated by current testing. Cups should not fit tight

in the cylinders, but instead dapend upon the water pressure or suction to

seal the cup against the cylinder walls.

Two types of valves are currently in use, poppet and flapper.

There is much discussion about which type is best, and no firm answer is

available. However, both types depend upon a generous, smooth, well-machined

seat. Poppet valves are cast iron or brass which is preferred and leather

or rubber washers can be used to help improve the seal. Leather is s^ill the

standard material for flapper valves with a cast iron weight. Plastics and

composite materials such as nylon impregnated with neoprene should also be

considered.

Bearings

The pinned joints should be no less than 5/8-inch diamater and the

length such as to insure a projected bearing area of at least 0.94 square

inch. If hard use of the pump is to be expected, even larger pins are

recommended. Lubrication where possible almost always improves wear. Gen-

erally speaking, most shops in developing areas cannot afford the cost of

special bearings, nor are they capable of properly fitting bearings, but

hardening the cast iron bearing (hole) can be done and is recommended to

greatly improve bearing life at a minimum cost.

Pump Options

The pump shown as Option A utilizing a bolt-on cover with fulcrum

and a screwed-on center section and base is recommended; however, circum-

stances may require other configurations. Option B utilizes pinned-on covers



and fulcrums for areas where bolts and nuts are of poor quality, nonexistent,

or where vandalism or stealing is a problem. For tuba wells, the base can

be omitted and the bottom cap with valve of the deep well cylinder can be

substituted making up Option C. Option D is where the pump body and cylinder

(shallow well pump) are cast as one piece and a PVC liner is inserted to pro-

vide a smooth bore. Other variations are available to match facilities and

skills available and type of consumer operation, but simplicity is the key

to the most reliable and inexpensive configuration. However, care must be

taken not to compromise pump operations.

CURRENT EVALUATION

The shallow well pump as fabricated under several options has

been proven to stand up well. The plastic deep well cylinder is also being

used quite extensively; however, the deep well pump cap is a relatively

new arrangement and more data are needed before its capability of withstanding

hard use can be confirmed.

Data on valves are conflicting in that both the poppet and flapper

types are preferred in different areas. It has been noted, however, that

poorly prepared sealings surfaces are not acceptable under any conditions.

PUMP DESIGN PRINCIPLES

The fabricator, installer, and user should be aware of certain

design limitations. First, it is recommended that no cylinder sizes over

3-inches diamater be used. It has been observed that leather cups tend to

fail rather than wear out in 3-1/2-inch shallow well pumps. It is our feeling

that the strength of the cup is not sufficient to withstand the pressure or

vacuum created by the pump action and buckling occurs during one portion of

the stroke (stretching during the opposite portion of the stroke) causing

the cup material to split circumferentially and fail.



Neglecting friction or insufficient flow passageway which can

create a substantial load, 3-inch cylinders will require 3.06 pounds lifting

force per foot of water being lifted. This means, for example, that for a

shallow well with a 26 foot deep water level, about 79.5 (26 x 3-06) pounds

of lifting force will be required. This is about the maximum lift for a

shallow well pump, and for the pump illustrated approximately 14 pounds

( — * „ • c — ) of force is needed at the end of the handle for operation.

In contrast, a deep well pump must operate under much more severe

conditions. Again, for the deep well pump illustrated, a 100-foot water

lift would require about 357 (100 x 3.06 + 51.1) pounds of force (including

the weight of 7/16 diameter pump rod but neglecting friction) and a

handle force of over 62.5 ( —••„ ,.— ) pounds. Such an arrangement can be

improved one of two ways: Make the handle longer or decrease the cylinder

size. Most persons can see that increasing the handle length or lever arm

decreases the force required for operation, but it may not be apparent in

the case with the change in cylinder size. A 2-1/2-inch diameter plunger

requires about 2.12 pounds per foot of water lift for operation and for a

100-foot water lift including the weight of the rod but neglecting friction,

263 (2.12 x 100 + 51.1) pounds of force would be required. The handle force

would be 46.2 ( ŝr~s ) pounds, over 25 percent reduction from the
zo. J

handle force required by the 3-inch cylinder. A 25 percent increase in

handle length decreases the handle force about 20 percent to 50.13 pounds.

Every effort should be made to keep the handle force below 40 pounds to

permit operation by women and children. Table 3 summarizes the forces

discussed.

Decreasing the bearing loading is another factor for reducing

cylinder size. Loading is not appreciably affected by a change in handle

length. 300 psi is a maximum bearing load for mild steel pins and cast iron

journals when lubricated and with a close "running" fit. Since most pumps

operate with moving joints of a very sloppy fit, the bearing levels should

be kept as low as possible for long life—perhaps below 100 psi if

possible. The pumps currently under evaluation have bearings from 5/8-inch

diamater to 3/4-inch diameter and at least 1-1/2-inch total length each
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TABLE 3. SUMMARY OF PLUNGER LOADS AND HANDLE
FORCES FOR VARIOUS PUMP/WELL CONDITIONS

Effective Handle Cylinder Water Plunger Handle
Length, in. Size, in. Depth, ft Load, lbs Force, lbs

28.5

28.5

28.5

35.6

35.6

3

3

2.5

3

2.5

26

100

100

100

100

79.5

357

263

357

263

14

62.5

46

50.1

36.9
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joint. Wear, although much improved, can still be a problem. To sum up

these points, cylinder diameter, bearing area of each joint, and handle

length must be seriously considered and balanced out to provide long life

and easy operation.

One last comment on this topic; the greater the lift of water the

greater pressure and increase of wear of the plunger cap. Therefore, as

wear becomes excessive due to depth, the number of cups should be increased.

Trial operation should soon determine when a second or third cup would be

required. It has been suggested by one pump manufacturer that water levels

at the 50- and 125-foot depths would be levels at which cups would be added

for 3-inch cylinders. As pressures become too great, cylinder size would

have to be reduced to increase the cup life.

ADDITIONAL REFINEMENTS

Four areas of further improvement to increase pump longevity

are (1) Bearings, (2) Cups, (3) Valves, and (4) Piping. Bearing life, and con-

sequently pump life with reduced maintenance, can be improved by the use of

lubricated or nonlubricated ball bearings or bushings. The type chosen

really depends upon the sophistication in machining the fabricator has

available and the money available to buy and/or make the pumps. In most

developing areas encountered to date, the degree of capability and money does

not appear available; however, an improvement can be made that does seem

within reason in many areas. The cast iron journals or "holes" should be

hardened by heating to a cherry red and quenching in water. Almost any degree

of hardness will improve the bearing life. Care must be taken, however, to

guard against tempering one hole while hardening another.

New materials for fabricating plunger cups may soon be available

including the reappearance of "Corfam", once manufactured by DuPont. For

materials to be useful in cup fabrication, they must be leather-like in

ability to expand against the cylinder wall proportionately to the pressure

developed by the depth of water being pumped. Qualities to look for are
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improved storage life, resistance to fungus, etc, improved abrasion

resistance, and ability to withstand wet and dry cycling.

New materials available for plunger cups might also be considered

for valves; here, the ability to expand is not required.

Plastic pipe for use as drop pipe should also be considered for

cost-saving installations. Not only may plastic pipe be less expensive

to buy, but lighter than steel pipe and cheaper to ship. Although plastic

material has lower mechanical strength than steel, is more sensitive to

temperature variation, and requires more careful handling, it is not as

subject to corrosion as steely has a lower friction factor, and can be

easily jointed in the field. Care must be taken, however, to assure that no

bending loads are placed on the pipe and that steel pipe be used for top

sections and for securing the pump. Plastic screens are also being installed

in some areas.

ADDITIONAL INFORMATION

It is hoped that the information included in this report is of

some value to you. Additional data (Battelle's final report on Contract

No. AID/csd-3305) will be available by Spring, 1975, and can be obtained

through AID. If you are serious about pump production in your area or

improving rural domestic water programs and additional information would be

of help, please contact Mr. A. Dale Swisher of AID or Mr. Robert D. Fannon

of Battelle at the addresses below. We also encourage you to participate

with us in this program; and if you desire to do so, we invite you to

contact us by writing to the addresses below.

Robert D. Fannon, Jr., P.E.
Research Engineer
Battelle
Columbus Laboratories
505 King Avenue
Columbus, Ohio 43201
USA

A. Dale Swisher, P.E.
Office of Health
Technical Assistance Bureau
Agency for International Development
Washington, D.C. 20523
USA
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THE CONTINUED DEVELOPMENT AND
FIELD EVALUATION OF THE

AID HAND-OPERATED WATER PUMP

by

R. D. Fannon, Jr. and D. W. Frink

INTRODUCTION

One of the most immediate needs of rural families in the small
communities of developing nations is a safe and adequate water supply. A water
Fource can be easily contaminated if the water is obtained by direct dipping,
or by a rope and bucket. Therefore, the best solution to this need is usually
a well and a dependable hand pump., Because repair facilities are often limited,
the hand pump must be dependable even though it is subjected to severe use.
It should have few parts and few points of wear. Since low cost is also impor-
tant, it should be easily manufactured in the country of its ultimate use.
Unfortunately, in many underdeveloped areas no pumps are available to meet all,
or even most of these requirements.

In recognition of this need, the Agency for International Development
initiated a program (Contract No. AID/csd-1434) with the Battelle-Columbus
Laboratories to define the requirements and specifications of hand water pumps
suitable for developing nations. The results of this effort are summarized in
Battelle's final report to AID dated September 29, 1967. In the conclusions
of that report, the following additional work was deemed advisable:

(1) Dissemination of information to interested agencies
and organizations

(2) Field evaluation of a proposed pump design

(3) Further research on valves, cup seals, and cylinders

(4) Development and implementation of educational programs.

On June 28, 1968, a second contract was initiated at Battelle in regard
to Items 3 and 4. Assistance was to be given to the field evaluation of the
basic pump design that was selected during the first contract. At the same time,
the pump design was to be optimized with respect to life, reliability, and cost
through the development of improved valves, cup seals, and cylinder coatings.
The following report describes the results of the continued effort, which was
concluded on June 28, 1970.

BATTELLE MEMORIAL INSTITUTE - COLUMBUS LABORATORIES
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SUMMARY AND CONCLUSIONS

During the previous program, a simple piston pump design was identified
as being the most suitable for the needs of developing nations. In the continued
effort, it was envisioned that Battelle would contribute to the field evaluation
of this basic configuration by assisting a manufacturer in the production of a
number of pumps, by preparing a manual for field installation and operation, and
by evaluating reports and components from the field. At the beginning of the
program, manufacturing specifications and drawings were prepared for the previ-
ously selected pumps design. However, arrangements could not be made for
fabricating and supplying the pumps for field evaluation. The remaining funds
allocated for field evaluation were redirected toward additional component
development, and toward the dissemination of information to interested parties.
The different activities are summarized in the following sections.

Plunger-Valve Development

The metal valves presently used in pump plungers are subject to wear
and malfunctioning. Tv/o designs of improved plunger valves were evolved. One
is a flapper valve made of neoprene-impregnated nylon. The valve is similar to
the flapper valves commonly used in pump cylinders. The other design is a ser-
rated flapper valve which requires a modified plunger configuration. Both types
of valves were operated over 5000 hours in shallow-well and deep-well pumps
without signs of deterioration. It was concluded that the serrated flapper
valve, which is particularly simple and inexpensive to make, should be used for
the majority of pump applications •> The weighted flapper valve, which is more
conventional in appearance and more resistant to pressure, should be used where
the acceptance of something different might be a problem, and in deep wells
where multiple cups are required.

P Selection of Optimum Cup Material

Leather is the standard material for plunder cup seals, and its basic
properties are specified for any materials to be used in plunger crts. Th«
most important of these properties is the ability to stretch to conform to the
cylinder walls. Because plunger cup wear is the most frequent cause of pump
repair, other materials were studied in an attempt to find a better cup material.
Corfam was found to be the best material available. It is very similar to
leather, but is more uniform and more durable. Although the cost of Corfam
is generally higher than leather, its improved performance capabilities will
more than offset the price differential. Thus, it was concluded that plunger
cups should be made of Corfam.
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Evaluation of Cylinder Coatings

In the previous program it was concluded that the cost and maintenance
of hand pumps could be substantially reduced if the cast-iron cylinder walls
were made smoother by some type of nonmetallic coating,, Effort during the
follow-on program has been directed toward finding a satisfactory coating which
does not require special processings such as heat treating. Three types of
coatings were evaluated--epoxy, vinyl, and uralkyd. All of the coatings performed
well, with no peeling or wear. Epoxy was judged to be the most desirable because
it is the hardest in the air-dried condition. The material cost of the epoxy
is approximately 5 to 10 cents per cylinder.

Additional Component Investigation

During the above component testing, two additional problem areas were
revealed: (1) excessive erosion of the iron cylinder seat beneath the flapper
valve and (2) wear of the housing by the bronze plunger valve to the point
that the pump would not operate. With the decision to discontinue the field
evaluation work, design consideration was given to these problems. It is believed
that the use of a bronze seat in the cast-iron cylinder would correct the erosion
problem. The poppet-valve life could be extended by a longer guide for the
poppet.

At the request of UNICEF, an investigation was also conducted to extend
the life of the pump-handle pivots. A sleeve bearing material called Rulon J
was selected to operate with pins made of 17-4 PH stainless steel hardened to
about 35 Rockwell Co The ability of this bearing combination or equal combina-
tion to operate satisfactorily without lubrication should significantly extend
the life of the pump-handle pivots. It is anticipated that this bearing combi-
nation would be needed only in those areas of exceedingly heavy pump utilization.

Information Dissemination

A press release regarding the development of the hand pump was made
by AID and Battelle on June 27, 1969. As of June 28, 1970, 66 inquiries about
the program had been received at Battelle from 20 countries. In response to
those interested in making the pump, 25 packets of information were sent, each
containing a set of drawings, a final report on the first program, and selected
pictures. Reduced amounts of information were sent to 33 inquiries from those
who were interested in more general aspects of the pump. In addition, 135 copies
of the final report on the first program were sent to AID so information could
be forwarded in response to inquiries received at AID.
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RECOMMENDATIONS

Battelle believes that the basis has been established for the
manufacture of satisfactory hand pumps for developing nations. The widespread
interest in the pump is impressive evidence of the need for such a device. The
following steps should be accomplished so the people in the developing nations
can benefit from the work accomplished to date:

(1) The specifications and drawings should be modified to
include flapper-type plunger valves, a Corfam cup seal,
and an air-dry epoxy cylinder coating, but it should
remain clear that the final configuration and degree of
sophistication is the choice of the indigenous
manufacturer.

(2) Manufacturers should be chosen in selected developing
nations, and pump fabrication, with demonstrations,
should be initiated.

(3) Field evaluations should be conducted in areas of the
selected nations with the indigenously manufactured
pumpso

(4) A course on pump fabrication and installation should
be included in the AID-sponsored Ground Water School
at the University of Minnesota.

RESEARCH ACTIVITIES

In accordance with the statement of work, the follow-on contract was
consist of the following four tasks:

(A) Supervise and evaluate the field testing of Battelle-
designed pumps to be provided, installed, and field-
monitored by others. This task was to include the
following steps:

(1) Collaborate with the manufacturer in the production
of pumps and provide patterns, molds, and fixtures
devised during the previous contract

(2) Prepare a manual providing instructions for field
installation, operation, maintenance, and report-
ing on pump performance

(3) Evaluate reports from the field
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(4) Evaluate valves, cups, and other pump parts
returned from the field

(5) Recommend necessary pump design changes

(B) Develop and evaluate a flapper-type plunger valve of
synthetic materials as a possible substitute for the
presently used metal valves

(C) Determine the optimum synthetic material and configuration
combinations for plunger cups to replace presently used
leather cups

(D) Continue the testing of cylinder materials, undertaken
under the previous contract, to find a suitable coating
which does not require heat treatment in the manufacturing
process.

When it was decided to discontinue the field testing effort, two
additional tasks were undertaken:

(E) Investigate the adequacy of additional, selected pump
components

(F) Disseminate pump information to interested organizations.

Task A. Field Evaluation

During the previous program, a simple pump design was evolved to meet
the needs of developing nations. The basic pump consisted of a body, a fulcrum,
a handle, a single cylinder, a plunger, and two check valves--one in the plunger

d one in the cylinder. Figure 1 shows the design incorporated in a shallow-
veil pump. In this type of pump the suction cylinder is attached above ground
to the pump body since the water can be lifted from the ground by suction.
Figure 2 shows the selected pump design incorporated in a deep-well pump. In
this type of pump the suction cylinder is placed below ground in or near the
water source. A rod extends from the pump handle down through the connecting
pipe (shown foreshortened in Figure 2) to the suction cylinder. The primary
action of the plunger in a deep-well pump, therefore, is to lift the column
of water to the pump body. Appendix A contains assembly drawings and parts
lists for both types of pumps,,

Features that were incorporated in the basic pump design for developing
nations were

(1) Low production cost

(2) Long life under severe conditions
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FIGURE 1 . SHALLOW-WELL VERSION OF A ID PUMP
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FIGURE 2 . DEEP-WELL VERSION OF AID PUMP
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(3) Easy maintenance with simple tools and unskilled
labor

(4) Suitable for shallow- or deep-well installation with
only minor changes (cylinder location and plunger rod
length)

(5) Capable of being manufactured in developing countries
with a minimum of capital investment

(6) Easily operated by small people, including women and
children

(7) Containing features to discourage pilfering and
vandalism.

I
The field evaluation effort required a third party to arrange for the

manufacture, installation, and field monitoring of the pumps. During discus-
sions with the Contract Technical Monitor, it was decided that UNICEF would be
the best agency for accomplishing these functions. Accordingly, meetings were
held with representatives of UNICEF to discuss the pump design and to select
specifications that would be mutually acceptable. Some conflict of objectives
was encountered because the AID-Battelle approach was to have the pumps made
in the nations that would use the pumps, while UNICEF wanted to purchase the
pumps for distrubition in selected outlying areas. However, a mutually
acceptable design was established.

Drawings and specifications were then prepared for the selected design.
The drawings consisted of assembly drawings, subassembly drawings, and detail
drawings for 2-1/2-inch and 3-1/2-inch cylinders, for shallow-well and deep-well
pumps. The specifications covered the necessary aspects of procurement, manu-
facturing, and shipping. (The drawings and specifications did not include the
improvements that were investigated later during the follow-on program.)

Considerable time was spent in communicating, through telephone calls,
letters, and visits, with the UNICEF Procurement Officer in New York. In
addition, drawings and specifications were sent to the United Nations in New
York, UNICEF in France, and WHO in Switzerland. Unfortunately, it was not
possible to obtain approvals from all the necessary organizations in time to
select a manufacturer, fabricate the pumps, and complete the field evaluation
of the pumps.

When it became apparent that the field evaluation could not be
completed as planned, it was agreed during discussions with the Technical Monitor
that the work outlined under Tasks E and F would be conducted. This work is
described in later sections of the report.

Task B. Plunger-Valve Development

The two most common types of check valves used in hand pumps are the
poppet valve and the flapper valve. A poppet valve is always used in the plunger;
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however, the lower check valve in the cylinder is either a flapper valve or a
poppet valve. Most of the shallow-well pumps use leather flapper valves in
the bottom of the cylinder, while most of the deep-well pumps use poppet valves.

During the previous program, three important conclusions were drawn
concerning valves:

(1) Nylon impregnated with neoprene is an excellent
material for flapper valves since it has a high

. resistance to flexural failure and it is not
adversely affected by changes in temperature or
by wetting-drying cycling.

(2) Metal plunger valves should be improved to minimize
wear and increase life.

(3) An attempt should be made to develop a flapper-type
plunger valve using neoprene-impregnated nylon to
reduce the cost and increase the reliability of
plunger valves.

Two flapper-type plunger-valve designs were evolved and evaluated as
a part of the follow-on program. Each of these is discussed below- In accord-
ance with a request by UNICEF, the experimental valves were fabricated for a
2-1/2-inch-diameter cylinder.

Weighted Flapper Valve Design

Figure 3 shows a typical pump plunger with a metal poppet valve
located in the middle of the plunger. Figure 4 shows the typical wear sustained
by a metal poppet.

Figure 5 shows a weighted flapper valve installed in a pump plunger
in place of the metal poppet. The neoprene-impregnated nylon flapper is attached
to the plunger with two screws. To facilitate this attachment, three supports
are used for the pump rod attachment rather than the four shown in Figure 3. A
metal weight is attached to the back of the flapper to keep th« flapper from
floating and to insure that the flapper makes a satisfactory seal with the seat.

The plunger shown in Figure 5 was cast from bronze. The assembly was
operated in a typical shallow-well pump for more than 5000 hours. A visual
examination of the parts after the test showed no sign of wear or fatigue.

Serrated Flapper Valve Design

The second flapper-type plunger valve that was developed and evaluated
is shown in Figures 6 and 7. It is similar to a valve described by drawings
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VALVE AFTER SEVERAL TEST PERIODS
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FIGURE 5. WEIGHTED FLAPPER VALVE
INSTALLED IN PUMP PLUNGER

FIGURE 6. ASSEMBLED SERRATED FLAPPER
VALVE AND PLUNGER

••>,

<£>.

FIGURE 7. DISASSEMBLED SERRATED FLAPPER VALVE
AND PLUNGER
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from the Department of Sanitation in Lima, Peru. The drawings were sent to
Battelle by Dr. Charles Spangler, who was formerly with PAHO.

The serrated flapper valve is composed of parts which are simple to
make. The cup seal is a standard shape. The flapper can be stamped or cut
from sheet material, and the metal supports can be made from castings or from
bar stock. As with the weighted flapper valve, the serrated flapper valve
was operated for over 5000 hours with no detectable signs of wear or fatigue.

Valve Comparison

It is believed that both flapper-type plunger valves will provide
significantly longer life than the conventional metal poppet valves. However,
the two flapper valves are somewhat different, and their differences are
summarized below:

(1) The weighted flapper valve is more conventional in
appearance and may be more acceptable to those who
are familiar with standard pump plungers.

(2) The serrated flapper valve is less expensive to
manufacture.

(3) Both flapper-type plunger valves operate equally
well for shallow-well pumps and for deep-well pumps
for depths to 50 feet.

(4) The weighted flapper valve should be used for wells
deeper than 50 feet primarily because of the ease of
adding additional cups.

Task C. Selection of Optimum Cup Material

The work during the previous program showed that high-quality leather
is a good material for plunger cup seals. (A typical cup seal is shown in
Figure 7.) Wide tolerances are acceptable and long life can be expected with
fairly smooth cylinders. However, very poor leather is produced in some
geographical areas, and even good leather is deteriorated (cracked) by alter-
nately wetting and drying. In addition, poor storage conditions can cause
excessive deterioration of cups held in stock. Thus, a part of the follow-on
program was directed toward finding a leather substitute that would have uniform
properties and be less affected by wetting and drying and by poor storage
conditions.

Five materials, including leather, were selected as being typical
of the candidate materials that are presently available for cup seals:
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(1) Rek-Syn, manufactured by the E. F. Houghton & Company--
a relatively stiff elastomer-plastic material with a
low coefficient of friction

(2) Vix-Syn, also manufactured by the E. F. Houghton &
Company--a relatively stiff elastomer-duck material

(3) Corfam (in three compositions), manufactured by DuPont:

(A) A relatively thin Corfam coated on the exterior
with graphite. Test cups were purchased from the
Lubrikup Company, Williamsport, Pennsylvania

(B) A medium flexible Corfam impregnated with wax and
coated on the outside with rubber. Test cups were
purchased from the Page Belting Company, Concord,
New Hampshire

(C) A stiff Corfam; test cups were purchased from the
Page Belting Company

(4) Rulon J, a flexible polymeric-reinforced Teflon; test
cups were purchased from the Dixon Corporation, Bristol,
Rhode Island

(5) Leather of two types:

(A) Oak-tanned, with the hair side out; test cups were
purchased from the Dempster Company, Beatrice,
Nebraska

(B) Chrome-tanned, with the hair side out; test cups
were purchased from the E. F. Houghton & Company.

All of the cup materials were operated for approximately 1000 hours
in plastic cylinders or in epoxy-phenolic-coated metal cylinders at 55 strokes
per minute with a 5-1/2-inch stroke. These hours of operation are equivalent
to approximately one year of pumping at the rate of 1500 gallons per day.
This quantity was established by AID as the average quantity of water pumped
by hand in many communities of the developing nations. With the exception of
a 2-inch Corfam cup molded by the Lubrikup Company and a 2-1/2-inch Rulon cup,
all the cup materials were evaluated in both shallow-well and deep-well pumps.

Rek-Syn

Figure 8 shows Rek-Syn cup seals after 964 hours of operation. The
test showed that the material has low friction and is wear resistant. However,
as the cups wore, the material did not stretch to maintain good contact with
the pump-cylinder walls. Pumping effectiveness was reduced and it was apparent
that the cups had a shorter useful life than leather cups.
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Vix-Syn

Figure 9 shows Vix-Syn cup seals after 1020 hours of operation.
Although the cups were still functioning at the end of the test, they showed
more wear than any other test material. In addition, as with the Rek-Syn
cups, the Vix-Syn cups did not stretch as much as the leather cups.

Cor fam

Cups made of the three Corfam materials were operated for over 1000
hours. Figure 10 shows a very flexible 3-inch cup, while Figure 11 shows a
2-inch medium flexible cup, and a 2-1/2-inch stiff cup. Good wear resistance
|was exhibited by all of the Corfam cups. However, the very flexible cup and
the stiff cup had the same difficulty maintaining contact with the cylinder
walls that was exhibited by the Rek-Syn and Vix-Syn cups. In contrast, the
medium flexible Corfam cup exhibited good stretch and maintained good contact
with the cylinder wall. In lots of 100 to 1000 pieces, the 3-inch cup was
estimated to cost from $90 to $100 per hundred.

Rulon J

Rulon J is a fluorocarbon made to run dry against soft materials
such as aluminum and brass. Figure 10 shows a 2-1/2-inch Rulon J cup seal
after 949 hours of operation. Although the cup was still functioning at the
end of the test, the plunger had begun to chatter during the last week of
testing. This seemed to be caused by the narrow, stiff wall of the cup which
did not conform well with the cylinder wall.

^Leather

The leather cup seals were tested primarily as a control against
which the other materials could be compared. Figures 12 and 13 show chrome-
tanned and oak-tanned leather cup seals after approximately 1000 hours of
operation. The more expensive, chrome-tanned, wax-impregnated leather cups
showed very little wear and remained soft even after drying. The oak-canned,
nonwaxed leather cups showed a definite wear and became stiff when dry. The
price of 3-inch chrome-tanned leather cups is approximately $128 per hundred
in lots of 500 cups.

Plunger-Cup Material Comparison

Based on the laboratory tests summarized above, the following
conclusions were reached concerning the selection of plunger-cup seal materials:
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FIGURE 12. CHROME-TANNED, WAX-IMPREGNATED LEATHER

CUPS AFTER 948 HOURS (3-INCH) AND 1106
HOURS (2-1/2-INCH) OF OPERATION

FIGURE 13. OAK-TANNED, NONWAXED LEATHER CUPS AFTER
1147 HOURS (3-INCH) AND 1039 HOURS
(2-1/2-INCH) OF OPERATION
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(1) Wax-impregnation of leather is one of the major
factors in extending the life of leather cup seals
because the leather tends to remain soft whether wet
or dry

(2) Wax-impregnated Corfam cup seals of the proper
flexibility, coated on the outside with nitrile or
urethane rubber, will provide better performance
than the best leather cup seals

(3) The major factor limiting the performance of cup
seals made from other materials is the reduced
ability, of the materials to stretch and conform
to the cylinder walls as compared with Corfam and
leather.

Task D. Evaluation of Cylinder Coatings

The greatest single factor in pump longevity is the smoothness of the
cylinder bore. During the previous program, it was found that commercially
available steel pipe could be converted into relatively smooth pump cylinders
with a nonmetallic coating. However, the successful epoxy phenolic coating
evaluated during the first program requires a moderate amount of baking on the
pipe as a part of its processing. As simple and easy as this process is in the
United States, a coating that did not require baking would be more acceptable
in some developing nations. Therefore, one objective of the follow-on program
was to find a satisfactory cylinder coating that did not require special
processing, such as heat treating.

After a review of candidate cylinder coatings, three coatings were
selected for evaluation:

A (1) Marine epoxy
(2) High-build vinyl
(3) Pigmented uralkyd.

The coating materials were evaluated by using each to coat a 2-1/2-
inch-diameter pipe specimen and a 3-inch-diameter pipe specimen. Each of the
six pipe specimens, as shown in Figures 14, 15, and 16, was then operated for
over 1000 hours with leather plunger cup seals at 55 strokes a minute with a
5-1/2-inch stroke.

Prior to application of the coatings, the pipe specimens were cleaned
in the following manner. The cylinders to be coated with the marine epoxy
and the uralkyd were cleaned with inethylethylketone, mineral spirits, and soap
and water. The cylinders to be coated with high-build vinyl were cleaned with
methanol, mineral spirits, and soap and water. The cleaning solutions were
applied with rags and a steel brush, and the cylinders were allowed to air-dry.
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Each coating was applied by placing a cap over one end of the pipe,
placing the selected solution in the pipe, placing a cap over the other end
of the pipe, and rolling and turning the pipe to distribute the solution over
the pipe wall. The end caps were then removed and the excess solution was
allowed to drain back into the container„

Primers were required for two of the coatings. For the epoxy, the
primer consisted of epoxy thinned at the rate of 1 pint of solvent to 4 pints
of epoxy. A vinyl wash primer was used for the vinyl.

The pipe specimens were allowed to air-dry in the vertical position
with a free flow of air. To limit the amount of running, an electrical fan was
used to circulate air through the cylinders to accelerate drying. With this
arrangement, the specimens were dry to the touch in 8 to 10 hours, but should
be allowed to cure 24 hours before recoating and 2 weeks before use.

The marine epoxy coatings were approximately 0.008 inch thick and
had a smoothness of about 40 to 60 CLA (centerline average). The high-build
vinyl coatings were about 0.006 inch thick and had a smoothness of about 26 CLA,
while the pigmented uralkyd had a thickness of about 0.004 inch and a smoothness
of about 10 CLA. The CLA values included the roughness due to running. For
comparison, good cast-iron cylinders made in the United States have a smoothness
of from 40 to 200 CLA. The baked epoxy phenolic that was tested during the
previous program had a smoothness of from 12 to 18 CLA.

The cylinders were inspected following the 1000 hours of testing. No
appreciable wear could be detected visually, and there were no breaks in any
of the coatings. Likewise, very little wear was noticed on the leather cups.
Thus the performance of the coatings was estimated to be equal and satisfactory.

The epoxy and vinyl coatings are estimated to cost about 10 to 15
cents per cylinder, while the uralkyd coating is estimated to cost somewhat
less. Because the epoxy coating was found to be somewhat harder than the other
coatings, and because a harder coating should be more resistant to wear from
^ e cup seal, the epoxy coating was judged to be the best for pump use.

Task E. Additional Component Investigations

Two types of additional component investigations were completed as a
result of the decision to discontinue the work related to field evaluation o..
the pumps. One type consisted of an investigation of cylinder-foot-valve
performance, while the other type consisted of an investigation of pins and
bushings for the pump-handle pivots.

Cylinder-Foot-Valve Investigation

In conjunction with the tests of the plunger cup seals and the cylinder

coatings that have been described previously, over 10,000 hours of operation

were achieved for the cylinder foot valves. This was equivalent to 10 years of

hard use. .
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After approximately 5500 hours of operation, the flapper foot valve
of the shallow-well pump showed excessive erosion of the valve seat. It is
believed that this condition could be improved if a bronze seat were placed
under the flapper valve. Bronze has been used successfully to combat such
erosion in other applications. Because of the cost of inserting the bronze
seat, this design should be used only for installations where particularly
long life is required.

After approximately 8300 hours of operation, the metal poppet in the
cylinder of the deep-well pump wore the poppet valve housing to the point that
the poppet tended to cock and stick open. This prevented pumping. The best
solution to this problem is believed to be neoprene-impregnated nylon flapper
valves. Longer operation could be obtained with the metal poppet valve by using
a longer guide section.

Pins and Bushings

Bearings are required where the pump handle pivots on the body, and
where the pump handle attaches to the oscillating rod. UN1CEF requested that
an investigation be made to find better bearings for these locations.

A search was made for nonlubricated bushings which would have good
weatherability, long life, low absorptivity, and low cost. Although several
materials seemed to be candidate, Rulon was judged to be significantly better
relative to the other materials. Rulon is a specially compounded TFE
fluorocarbon made by the Dixon Corporation*

The material selected for the pins was a hardenable stainless steel,
17-4 PH. This material is in general use, and it has not only corrosian resist-
ance, but also good hardness. The heat-treated condition selected for evaluation
was H1025, which gives a pin hardness of about 32 Rockwell C.

m A Rulon T-Liner was chosen to be evaluated first. A T-Liner bearing
is made up of a shell of metal (stainless steel or cadmium-plated steel) in
which a strip of Rulon is placed. T-Liner bearings were placed in the handle
at the fulcrum and at the rod end. The bearing at che rod end lasted satis-
factorily over 10,000 hours. After 5133 hours of operation, one of the steel
shell bearings at the fulcrum which had been improperly inserted had worn
through and the Rulon had been destroyed. The T-Liner bearings were replaced
with a solid-Rulon bearing and no wear could be detected after 5300 hours of
operation. The performance of the pins was satisfactory in all cases.

It is thus recommended that solid Rulon bearings and 17-4 PH stainless
steel pins or equal be used when improvement of the handle bearings is justified.
For long-term retention, it is recommended that the Rulon bearings be pressed
and glued into place.
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Task F. Information Dissemination

A joint AID-Battelle press release prompted a surprising response
from all over the world. Appendix B shows the release and the recipients of
the release. With the discontinuance of the field-evaluation effort, and with
a large expression of interest as a result of the press release, it was decided
that the dissemination of project information to interested parties would be in
keeping with the overall objective of eventually having the pumps used by the
developing nations<>

Of the 66 requests for information that were received, 58 were
believed to be of sufficient merit to receive project information. Represented
in the requests were: 20 countries, 21 universities and foundations, 12
government agencies, and 24 businesses.

As listed in Appendix C, 25 responses consisted of packets containing
a full set of drawings, a parts list, a final report on the previous program,
and a letter containing pertinent information. The remaining 41 replies con-
tained all of this information except the drawings and the parts lists. A
few replies contained selected assembly drawings. In addition, 135 copies of
the final report on the first program were forwarded to AID for distribution
in response to requests for information.

FUTURE WORK

Countless people in the developing nations need reliable hand pumps
to supply them with life-giving water. The most difficult steps for satisfying
this need still have to be accomplished. Although there are a number of ways
of reaching the ultimate objective, the following appear to be principal steps
in any program:

^ (1) Incorporate the information gained durirg. the
follow-on program in the drawings and specifications

(2) Select areas in developing countries for pump
fabrication, demonstration, and evaluation

(3) Assist manufacturers and government agencies in the
selected countries

(4) Establish personnel to obtain and evaluate data on the
fabrication and operation of the pumps

(5) Arrange for instruction in pump fabrication to be
taught during the Ground Water Course presently
available at the University of Minnesota.

BATTELLE MEMORIAL INSTITUTE - COLUMBUS LABORATORIES
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Step 1

Drawings and specifications were prepared at the beginning of the
follow-on program for the field evaluation efforts. Since the pumps for field
evaluation were not made, and since pump improvements were developed in the
follow-on program, the pump drawings and specifications should be revised to
include the results of the follow-on program. This will insure that the pumps
which are eventually fabricated for field testing will include all of the
recommended features. This can be done by Battelle-Coluvnbus in about one week.

Step 2

It is expected that a number of developing countries will eventually
use the AID pump. However, certain areas are more desirable than others for
field testing the hand-pump configuration. In selecting countries for field
testing, it will be important to identify those which maintain good relation-
ships with the United States and for which there are no major problems of
communication--either because of language difficulties or because of poor mail
service. It will also be necessary to select countries that recognize the need
for hand pumps. This will insure good cooperation during follow-up to obtain
the test results. Finally, it will be necessary to select countries that have
typical water problems so that the performance of the test pumps can be fairly
evaluated., It appears that this selection process should be conducted by
personnel from AID and from Battelie-Columbus.

Step 3

Considerable discussion will be required with personnel from the
selected countries concerning manufacturing and field evaluation procedures.
(Meetings will probably be held first with personnel from the government
Agencies of the selected countries to discuss the overall manufacturing and
field testing plans. If these discussions are held with one person from AID and
one person from Battelle-Columbus, it should be possible to select the best
approach to be used in each country. Follow-up discussions will probably then
be necessary between the Battelle employee and personnel from the manufacturing
facilities to discuss technical features of the pump. Although no large problems
are envisioned in making the necessary arrangements, such discussions should
avoid the development of unnecessary misunderstanding and confusion.

Step 4

Probably the most critical aspect of the field evaluation effort is
the feedback of information from the manufacturer and from the operation of the

BATTELLE MEMORIAL INSTITUTE - COLUMBUS LABORATORIES
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pumps. In some cases it may be possible to have local government personnel
obtain the necessary information. In general, however, it is believed that
two procedures should be followed. In the case of the manufacturer, it will
probably be best for a person from Battelie-Columbus to visit each manufac-
turer after the field pumps have been fabricated to obtain a detailed descrip-
tion of the manufacturer's experience. In the case of the pump installations
it will probably be best to have a record kept of any parts needed for a period
of time, say a year, and then to have selected pumps returned to Battelle-
Columbus for examination. Information from the manufacturers and the pump
installations can then be examined to determine whether changes should be made
in the pump design.

Step 5

The Ground Water Course which is available at the University of
Minnesota would seem to be a good place to start the systematic description
of the operation and benefits of the AID pump. With materials available from
the development program, it should be easy for a short course to be set up on
the pump. This could be accomplished by a person from Battelie-Columbus•

BATTELLE MEMORIAL INSTITUTE - COLUMBUS LABORATORIES
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FIGURE A-2. DEEP-WELL PUMP
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PARTS LIST FOR SHALLOW-WELL PUMP

1. Rod End
2. Pump Handle
3. Pin
4. 1/8-in. Extended Miter - Cotter Pin
5. Experimental Bearings*
6. Fulcrum
7. Pump Cap Pin — Rear
8. No. 10-24 x 1/2-in. -long Brass Round Head Screws
9. Pump Body

10. Plunger Assembly
11. Pump Cylinder
12. Lower Check Valve Assembly
13. Pump Stand
14. 1-1/4-in. Galvanized Steel Pipe
15. Pump Cap
16. Pump Rod
17. 7/16-14 UNC-2B Hexagonal Jam Nut

* Various Bearing Materials Being Considered

PARTS LIST FOR DEEP-WELL PUMP

1. Bearing Rod
2. Pump Rod Guide
3. 7/16-14 UNC-2B Hexagonal Jam Nut
4. Rod End
5. Pump Handle
6. Pin
7. 1/8-in. Extended Miter - Cotter Pin
8. Pump Cap Pin — Rear
9. Fulcrum

10. Pump Body
11. 12-in. -long Sch. 80 Seamless Galvanized Pipe - Thread Each

End8N.P .T . x2- l /2 - in . long
12. 7/ 16-in. -diameter Standard Galvanized Pump Rod and Couplings
13. Pump Stand
14. Experimental Bearings*
15. Lower Valve Housing
16. 1-1/4-in. Galvanized Steel Pipe
17. Cast Iron Pipe Reducer
18. Pump Cylinder
19. Plunger Assembly
20. Lower Check Valve Assembly
21. No. 10-24 NC-2A x 1/2-in.-long Brass Round Head Screws
22. Sleeve Bearings*

* Various Bearing Materials Being Considered
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PRESS RELEASE ON AID HAND PUMP

The following news release about the AID hand pump was issued in
June, 1969, to news media in the United States, Canada, England, France,
Germany, India, Spain, Sweden, and Venezuela. Total distribution included
128 technical, 65 national, and 2 local publications. Foreign distribution
was made to 5 publications in Canada. 5 in England, 2 each in India, Sweden,
and Venezuela, and 1 each in France, Germany, and Spain.

It is interesting to note that even though only 8 countries outside

kthe continental United States received copies of the release, requests for
additional information about the pump have been received from 20 foreign
countries (see Appendix C).
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For Immediate Release

A new version of the once-common hand water pump has

been designed by a Columbus, Ohio, industrial research organization

for manufacture and use in the less developed countries.

Engineers of the Columbus Laboratories of Battelle

Memorial Institute produced the design under a $58,000 research

contract with the Agency for International Development (AID). It

includes features which should help solve some of the major problems

in the developing countries in the manufacture and operation of

standard pumps.

The design for the new pump is said to make possible:

* long life under rigorous operating conditions

* ease of maintenance with simple tools and unskilled

labor

(MORE)
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* manufacture in developing areas with minimal invest-

ment

* adaptation to both deep and shallow wells

* low production costs.

Prior to the start of the pump development program in July,

1966, AID and Battelle officials surveyed the need for water pumping

equipment in urban and rural communities in East Pakistan, India,

Jordan, the Philippines, and Thailand. They found numerous areas in

which as many as 300 people depended upon a single pump for their

water supply. This resulted in day and night operation and conse-

quent heavy strains upon equipment often substandard in design and

manufacture.

Thus, in addition to a shortage of pumps, there were

frequent breakdowns of pumps already installed. Some of the causes

were poorly fitting parts, corroded parts, and lack of replacement

parts. Fits were so poor in some instances that bolts had to be

wrapped with jute before they would hold the parts together.

Pump maintenance is also hampered by the scarcity of

skilled labor. Chances are that when a pump breaks down it will be

disassembled and forgotten, while the people revert to using rope

and bucket.

(MORE)
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The research team evolved a design that incorporates

inexpensive corrosion-resistant cylinders and a minimum number of

parts and threaded fasteners. Most of the components are of.cast

iron. The simple piston design is flexible enough to adapt to the

technical levels of nations with a small industrial base.

Research is continuing in an effort to develop simpler

methods of insuring cylinder smoothness, find substitutes for the

leather used in cups, and evaluate designs for improved valves.

In addition to developing the design, the research team

devised a plan under which the pump can be manufactured in the less

developed countries in small foundries with very few power tools.

Mailing Date: 6/27/69
44-69
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APPENDIX C

LIST OF INQUIRIES FOR AID HAND PUMP
INFORMATION

Requests for information were received from 66 sources, as listed
below. The 25 sources marked with an asterisk received packets of information
containing a full set of drawings, a parts list, a final report from the pre-
vious program, and a letter. The remaining 41 sources received similar in-
formation with the exception of the drawings and the parts list.

Government Agencies

*CEDECO
Kimpese
Rep. Dem, du
Congo

Shelter Research Division
Office of Civil Defense
Department of the Army
Washington, D.C., USA

•^Forest Industrial Advisor
U.S. Embassy (U.S. AID)
Vientiane, Laos

*U.S. AID
Bureau for Latin America
Washington, D.C., USA

U.S. AID "Punto IV"
Quito

Iwashington, D.C., USA

"•'-Department of Agriculture, Stock and

Fisheries
Port Moresby, Papua

Sanitary Engineering Division
Edgewood Arsenal
Edgewood, Maryland,,USA

*U.S. AID, Capital Development and
Industry

Rio de Janeiro, Brazil

-U.S. AID
Mission to Nepal
Kathmandu, Nepal
(c/o Washington, D.C., USA)

"U.S. AID, Department of Agriculture
Bangalore, India

*U.S. AID, U.S. Embassy
Vientiane, Laos

Businesses

-••American Alloy Corp.
Cleveland, Ohio

*Banaspati Company
Rajpura, Punjab, India

Clark Equipment Company
Buchanan, Michigan, USA

*Amrit Banaspati Company, Ltd.
Rajpura, Punjab, India

Camp, Dresser, & McKee International, Inc.
Boston, Massachusetts, USA

Dames & Moore
Atlanta, Georgia, USA
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Businesses (Continued)

*Dinamica, SA
San Jose, Costa Rica

General Merchant & Importer
Saigon, Vietnam

Indocean Engineers
Hyderabad, India

*Larsen & Toubro, Ltd.
Bombay, India

Miller Felpax Corporation
Winona, Minnesota, USA

Penn Central Company
Cleveland, Ohio

Raymond Beunet Associates
Concord, N.S.W., Austr lia

^Singapore Foundry & Machine
Singapore

*TNC International, Ltd.
Bangkok, Thailand

Union Carbide, India, Ltd.
Madras, India

Do Buzi Company
Beira, Mozambique

Gould Pumps, Inc.
Seneca Falls, New York, USA

James M. Jennings Associates
Columbus, Ohio, USA

Manufacturer's Representative
Saigon, Vietnam

Modern Agriculture Company
Alexandria, Virginia, USA

Punji Sons, Private, Ltd.
New Delhi, India

Republic Steel Corporation
Cleveland, Ohio USA

Southern Alloy Foundries Private, Ltd.
Madras, India

^Tropical Products Institute
London, England

Universities

^Engineering Research Institute
(Central Public Health)
Nehru Marg, Nagpur-3, India

Research & Training Institute-
Mi ing ano
Tanga, Tanzania

*University of Philippines
(College of Veterinary Medicine)
Quezon City, Philippines

Massachusetts Institute of Technology
Department of Mechanical Engineering
Cambridge, Massachusetts, USA

'''University of Lagos
(College of Medicine)
Lagos, Nigeria

University of Reading
London, England
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Foundations

AFPRO
New Delhi, India

*CARE, Inc. (for Chile)
New York, New York, USA

International Institute of Rural
Reconstruction

New York, New York, USA

Meals-for-Millions Foundation
Santa Monica, California, USA

*Pan American Development Foundation
Washington, D.C., USA

Dr. Jose P. Rizal - Gen. Douglas
MacArthur Memorial Foundation

Milwaukee, Wisconsin, USA

VIDSCO
California, USA

*World Neighbors
Oklahoma City, Oklahoma, USA

American.Council of Voluntary Agencies
for Foreign Service

New York, New York, USA

*ICAITI
Guatemala, Central America

*Material Resources Program
Church World Service
New York, New York, USA

National Institute of Agricultural
Engineers

Bedford, England

Public Welfare Foundation, -Inc.
Washington, D.C., USA

The Thomas A. Dooley Foundation, Inc.
San Francisco, California, USA

VITA
Schenectady, New York, USA

Publications

Engineering
London, England

New Scientist
London, England

Foundry
Cleveland, Ohio, USA

World Farming
Kansas City, Missouri, USA

Individuals

Mr. S. R. Bhatt
Surat, India

Mr. R. Mahaderan
Madras, India

*Mr. Robert G. Unruh
Asuncion, Paraguay

Mr. Amin M. Lakhani
Cambridge, Massachusetts, USA

Mr. S. Sood
West Bengal, India
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Countries

Australia Nepal
Brazile Nigeria
British West Africa Papua
Congo ; Paraguay
Costa Rica Philippines
England Singapore
Guatemala Tanzania
India Thailand
Laos United States
Mozambique Vietnam
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The above-mentioned document has been carefully studied and I

would like to make the following comments and suggestions.

PUMP HANDLE; 3.4

The use of wooden handle should be highly encouraged in the manufacture

of hand pumps in the developing countries. As the report rightly points :

out the wooden handle lies several advantages such as low cost, readily

replaced locally, etc. However emphasis Bhould be placed on the type of

wood to be used. Local wood of the hardy, non-splinter, termiate-proof

type is preferable. The operating mechanism, either lever or wheel, should :

be of euiudile material and also most convenient co operate.

HAND LEVER FULCRUM

This part of the pump has been one of the major failures of many

pump programmes. The failures arc mainly due to poor material used

hi the manufacture of the Fulcrum arrangements. Such arrangements as i

"steel-on-steel" with a loose bolt arrangement tends to wear much faster :

than say, cast iron-on-£teel. 1 further suggest that to ensure a tight

non-moving bolt arrangement at the Fulcrum a lock washer with a nut should :

be used. Because of the heavy weight £t the Fulcrum v/e sug^s t that all :

bearings specified should require minimum sttention, and where possible =.

should be self-lubricating, such as sintered bronze bearing which Is an oil

impregnated bearing that requires no oiling. This type of bearing will be ;

elightly more expensive but will prolong the life of the hand pump. ;

PUMP BODY; 3.7

It is suggested that where the pump body is fabricated the pump base :

should be given double welding as this part tends to break. The base plate \

of the pump should also be slightly thick to allow big bolts with high tensile L.

strength to be used to hold the pump firmly to the platform.

2/. . . .
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The pump bo-Jy is co be cciU-truotcd with «cvi--c: orrosivc tu.-teri.cls suitable

for use with waters of low pM value; the crane c;u be f.:iu of the material

of the drop pipe.

3 pon* ^ ft '

The design of many of the hand pump3 in the market tody did not make :

provision for guides for the pump rod In order to eliminate lateral movement

of the pump rod and this has been the cause of excessive wear and eventual .

failure of the pump rod. The design of the Bcttelle Pump is a typical example

of this shortcoming.

CYLINDER: 3.13

la selecting material for the manufacture of Cylinder for the hand pump

attention must be given to the quality of water os waters of low pH value tend

to attack Cylinders made of cast Iron and ciher iron b.arlng materials.

Chemical examination of the ground water must be carried out in order to

determine whether the water la aggressive or otherwise. The report has

outlined a number of non-corrosive materials which can stand waters of low

pH value. ;

COMMUNITY ACCEPTANCE AND EDUCATION: 4.2 .3:

Social Welfare staff and local teachers can al3O be used to educate the

rural people about the proper use of hand pump. Children normally play vath

the hand pump handles and cause damage to them therefore, the local teachers :

. who are in constant contact with the children can play a useful role in educating :_

the children regarding the use of hand pumps. It is important that the users z

be acquainted with the proper manner of bpersting the pumps.

INSTALLATION AND MAINTENANCE; 4 .3 .1 .

The keeping of proper installation and maintenance records is not r

emphasised in the report. The Importance of proper installation and mainte-

nance records must be over-stressed. Therefore,' 1 suggest thst a Format •.

for Installation and maintenance should be designed and attached to the report, j;

A draft copy of a Format i3 annexed. The establishment of a limited prevtn- :

tlve maintenance capability at the local level should be sought.

3 / . . . (



Aaothcv comnjcri cause of tlv:. e;vt.:.:<u:lvc- >vcsr of the leather

washers iii the Cylinder is poor or inadequate well development. Develop-

ment work la on essential operation in the proper completion of a water

well. Development stabilises the send formation around a screened well

no that rhe well will yield water free of staid. If a well is not properly

developed fin;; sand particles tend to find their v/ay into the Cylinder and

cause excessive weir of the leather wr.shers. Where there is excessive

sand In the Cylinder operation becomes difficult due to binding of the plunger,

which results in the- snapping of the. pump rod. In the case of iviono Pump

(U.K.) the handle- cannot be operated ct all when fine sand particles find

thtlr way into tiie stater.

I^CrURE OF HAND RJMPS

Tlic need for hend purnpa in mr.:iy d_velopin^ countries hos

c-lready been well established, but for many lvisons the capacity to rnanufac-

ture thece hand pumps locally la inadequate. For excniple, come countries

have no: enough hand pump programme to warrant the manufacture of hand

pimps locally; in some ccses financial constraints may not permit local

manufacture of hand pumps. 1 would like to suggest that V. .H.O. being an

International ftxiy should organise some of these developing councries to

pull their resources together end establish a hand pump Factory. For

Instance some of the V. est African countries like Ghana, Ivory Coast, Nigeria,

Senegal and Slera Leone could come together and establish one hand pump

Factory in say, Ivory Coast to serve the other sistei countries.

K. OSEI -POKU
GHANA WATER AND SEWEPAGE

C O ii i' O K A T10 N , ACCRA-GHANA
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INTRODUCTION

Millions of people in the developing countries are known to

lack access to safe drinking water, a situation which has been

responsible for the high incidence of water-borne and water-related

diseases in these countries. The provision of potable water there-

fore can be viewed as an important factor in the eventual eradica-

tion of such diseases. Among the possible sources of water, ground

water appears safe since it normally requires no further treatment.

It can be readily obtained using a hand pump installed on a borehole

or well and it can be relatively cheaper than pipe-borne surface

water.

To help satisfy the ever increasing demand for potable v/ater,

Ghana, like many developing countries which have embarked on

extensive rural water schemes, have bad co import a large number

of different makes of hand pumps with its scarce foreign exchange.

Unfortunately the overwhelming percentage of these pumps cannot

endure the constant, rigorous usage and consequently break down

after a short while. The countryside is literally "littered with these

pumps". Many are the causes of this high "mortality" and amongst

them are bad designs, poor manufacture, inadequate or absence of

maintenance and the lack of spare parts.

In its desire to assist in the realisation of the rural water supply

scheme and in consonance with the prevalent policy of self-reliance,

the Faculty of Engineering at the University of Science and Technology,
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Kumasi, Ghana, undertook the design of a hand pump for local

manufacture using local materials and skills. The initial work

based on the AID/BATTELLE pump originally designed by the

Battele Memorial Institute, Ohio, U.S.A., was done by a Visiting

Professor, M. Blaho, who in 1972 produced the prototype in cast

iron. Field tests however revealed defects in the manufacture of

the pump body and as a result it was decided to change to fabrication

by welding. Though Ghana is noted for: its high quality, indigenous,

ornamental casting industry in non-ferrous materials such as brass,

bronze, gold, etc., the art of iron casting is not very widespread

and except in a few industrial concerns has not developed to a

comparable level. Welding on the other hand is comparatively more

widespread in the industrial and larger towns and the quality of

welded products is high. Based therefore on the availability of

better facilities and the requisite skills as well as on the low number

of pumps to be produced initially the design of the pump body and

the handle was modified for fabrication by welding.

DESCRIPTION OF PUMP

In the design of this pump the emphasis has been on the use of

local materials and the utilisation of existing local skills for its

manufacture. The main components of the pump as shown in the

attached sketch are:

(i) Pump Body:

It is an all-steel column fabricated by welding a 76mm

diametei* pipe to the base place. Provision is made at the top of the
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column for a fulari-m on which the handle is mounted, and at die

bottom for attaching «f the drop pipe. The body is capped with a

removable cover.

(ii) Plunger:

The plunger is cast from brass and fitted with a leather

cup which serves as a seal. It can operate in any part of the

plastic drop pipo which hangs from the pump body.

(iii) Handle :

It is welded from steel and terminates in a short piece of

pipe at one end. It is therefore possible to increaye its length and

consequently the mechanical advantage by fixing a wooden handle

inside the pipe. A minimum mechanical advantage of about 6 to 1

is assured.

(iv) Bearing:

Use is made of two types of bearings viz. rolling bearing at

the fulerum and brass bush at the coupling.

(v) Valve:

Both poppet and leather flapper valves are used in the plunger

and foot valves respectively.

PERFORMANCE

The pump can be readily operated by small men including women

and children. It has a capacity of 0. 8 litre per stroke and has worked

satisfactorily for depths down to 30 meies. Some of the vulnerable
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components such as the leather cup and pin joints have survived

field operation for about a year without any failure or appreciable

wear, ef.

The following are some of the advantages of the pump.

(i) The local material content is high. Apart from the steel

plates, pipes and rolling bearings all the other materials

are locally available.

(ii) Locally available skills in welding and casting are employed

in the fabrication of the pump parts. The brass p u t s can

be cast by indigenous craftsmen using the lost wax casting

method.

(iii) Spare parts arc readily available.

(iv) No specially designed cylinder is needed. The plunger can

work in any part of the drop pipe.

(v) The friction between the leather cup and the pipe walls is

greatly reduced with resultant reduction in the required

operating force.

(vi) The length of the handle can be conveniently increased as and

when necessary.

FIELD EVALUATION

To date field testing has been undertaken on a limited scale

only. The number of pumps tested is small and the period of

testing is less than a year. Though the sample is not large enough

to permit definite conclusions to be drawn nevertheless it was noted



that there were some of the typical problems such as wear of the

coupling pin, loosening of the rod couplings and rusting of the

ferrous paits. Measures taken to reduce these problems include

the use of brass bush and jam nuts, case-hardening of the pin,

provision of lubrication and appropriate painting.

A few pumps have been purchased by such bodies as the

Ghana Rubber Estates Ltd., WHO/UNDP, and the Ghana Water

and Sewerage Corporation for installation on bore holes in various

pa i ts of the country. Mere again the number is small;- their.:

performances.: however arc being checked with a view to possible

further modifications of the pump and assessment of their capabilities.

PROBLEM AREAS

Two main problems associated with maintenance have been

identified and are receiving attention. They involve

(i) Silting:

While in some bore holes die casing may act also as a screen,

in others, and in wells, this may not be the case. The present

design of the pump makes no allowance for a screen and therefore

the vital parts are exposed to silt which finds its way into the

bore hole. Silt has been responsible for fouling of valves, rapid

wearing of the leather cup and plastic pipe and the seizing of the

plunger. A situation like this not only aggravates maintenance

problems but can put the pump out of action.

(ii) Removal of plunger and foot valve:

When repairs are needed on the plunger and/or the foot valve
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they must be removed from the bore hole. This can be a tedious

exercise since normally there is a column of water trapped on top

of the plunger or the foot valve the weight of which can be substantial

especially for deep wells. All this column of water must be lifted

in order to get to them. In much the same way if the whole,must be

removed from the borehole the column of water in the pipe must

be lifted too.

PROJECTS

(i) Large Scale Evaluation

It is proposed to organise large field evaluation of the pump in

various types of environment. The constraint has been financial.

Bore holes, pumps, equipment, personnel, etc. are needed. Bodies

outside the University are being contacted for assistance and in this

respect mention should be made of the considerable interest in this

project shown by the Canadian International Development Research

Centre (IDRC). A detailed proposal is being prepared for its study

and possible support. It is envisaged under the project to evaluate

other makes of pumps in use in the country as well, and to study

pump maintenance problems and requirements,-

(ii) Pump Production :

In order to satisfy, the increasing demand for pumps by organisations

and individuals and in anticipation of the pump requirements of the above

project, a Pump Production Unit has been set up in the Faculty of Engineering

to produce the UST Hand Pump using the facilities of the Engineering

Workshops. Meanwhile contacts have been made with some idustrial

establishments to interest them in large scale production of the pump.

T) ft. /\ • Asp-OS P [4 — C O
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The purpose of this Manual is to

illustrate developments that have

taken place in the utilization of

handpumps within India's village

water supply programme.



lo More than 80% of the Indian peninsular is under-
lain by hard rock.

2. Traditional methods of utilizing ground water
resources trapped in fissures and cracks within these
hard formations include hand dug open wells and large
diameter tube wells drilled by cable percussion rigs.

3. Both methods are time-consuming and expensive.
In addition, the open well results in a polluted
water source and its success in terms of yield
depends on an adequate depth being attained. The
depth to which an open well is dug depends upon the
hardness of the formation encountered. Generally,
open wells are dug to bed rock, which, being too hard
to penetrate without explosives results in a well of
inadequate depth,, Tube wells drilled by the cable
percussion method offer a protected water supply but
one machine may drill only twelve wells per year or
less.

4. In 1967, a new technique to tap deep water
sources in hard rock at the rate of one well per
2 or 3 days was introduced to India. This is known
as the down-the-hole hammer method.

5. Between 1967 and 1975, UNICEF imported 135 of
these fast, mobile, pneumatically operated hard rock
rigs to drill 4" - 6" diameter tubewells in what
are known as the technically difficult, drought
prone, endemic areas of India*

6. These areas are broadly indicated in the adjoin-
ing map, covering in the main, ten states, these
being:- Tamil Nadu, Andhra Pradesh, Karnataka,
Maharashtra, Madhya Pradesh, Raj asthan, Gujarat,
Bihar, Bengal and Orissa.

7. India's fourth (1969-1974) and fifth (1974-1979)
Five Year Plans indicate 125,000 villages as being
within the criteria already mentioned.

8. Plans of action were formulated to drill one
tube well for 500 head of population and as the
water delivery system - to fit a handpump.
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The deep well handpump'

1. Because the water sources tapped in hard rock
are sometimes very deep, a deepwell handpump is
utilized that will bring water from these depths
to the surface.

2. Tubewells drilled in hard rock range from
about 100' to over 300' in depth. Water sources
may be encountered anywhere from 30' and beyond.

3. The handpump commonly used in India is
illustrated. It is of cast iron, has many moving
parts, and was originally designed for use by one
or two families. It consists of four major

•f components, these being:

\ .1 The well head - which includes every-
thing that is visible above ground
level.

.2 The rising main or 'drop pipe (here
called simply G.I. pipe) which carries
the water from the source to the
surface.

.3 The connecting or plunger rod which
connects the piston in the cylinder
to the handle on the pump.

•
O4 The cylinder - within which operates

piston and valves in such a way when
the pump handle is moved up and down,
that water is drawn in through its
base and discharged through its upper
end.
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This photograph illustrates a typical deep well handpump of the

design already described. The pump is flange mounted on top of a well

casing. Two points are emphasized with this installation.

1. The pump is situated some distance from the village; and

2. No platform, drainage or soak-pit has been provided.

The platform is of great importance if

- sanitary surroundings are to be ensured

- waste water is not to collect in stagnant pools

- polluted water is not to seep back to the source



1. An indication of the necessity of a good platform with

adequate drainage is clearly illustrated.

2. This handpump is mounted on a platform of inadequate size

with no drain, resulting in waste water forming a

stagnant pool of polluted water around the installation,

seepage of the water back to source may occur - and

stagnant water offers breeding grounds for mosquitoes.



1. In terms of wells drilled, the village
tubewell drilling programme in India has
been a success. Measured in terms of the
end-result - the provision of clean water to
villagers by means of the handpump - it has
been a failure.

2. One of the causes of this failure is
illustrated.

In this particular state, programme
implementation is entrusted to three separate
agencies, one of which drills the wells, the
second fits the pump while the third builds
the platform.

This pump has not been bolted to the
casing and no platform or drain has been
provided. Lack of coordination between the
three agencies is the cause. A single agency
carrying out the three functions is ideal*

3. A second cause of failure lies with the
handpump itself. That illustrated is not
designed for heavy use. Being of cast iron,
it breaks easily when roughly used and unlubricated
pivots mean rapid wear. Poor maintenance
organizations cannot keep pace with frequent
breakdowns. Pumps which frequently break are
often not repaired - because of the effort
required and because of the cost. The majority
of handpumping systems which have gone out of
repair are caused by early failure of the
mechanism in the well head.



1. A mechanism designed to overcome the weakness of the multi-

pivot well head is illustrated.

2. The original design by a voluntary agency based at Jalna

in Maharashtra has been developed by a second agency operating

from Sholapur in the same state. The design eliminates the

use of cast iron. The mechanism, fabricated entirely from steel,

is, therefore, very robust.

3. The principal feature of construction is the utilization

of a single pivot rocking on ball bearings with a heavy duty

1" pitch roller chain running over a quadrant which maintains the

alignment of the plunger rod in the vertical plane.
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1. Appreciating the main weakness in the

pumping system as being the well-head working

mechanism, UNICEF, in 1975, using noted funds,

embarked upon the rejuvenation of existing

cast iron handpumps by removing the existing

'weak link1 - the working mechanism - replacing

it with a Sholapur designed steel conversion

head. The principle is illustrated.





1. Although the concept behind "The handpump
rejuvenation programme", as it came to be known,
consisted simply of the substitution of the
original working mechanism with that of Sholapur
design, much additional work was often needed
to bring an installation to good condition. This
work included renewal of the cylinder or recondi-
tioning of the existing one and building an
effective platform, drain and soakpit.

2. The opportunity was taken by utilizing noted
funds, provided by Radda Barnan to completely
recondition 400 installations. The aims of so
doing were three-fold, as follows:

To

.1 Demonstrate to Government the relia-
bility of a handpump, purpose designed
for village use.

.2 Construct or repair platforms, drainage
and soakpits thereby demonstrating
and emphasising the environmental
sanitation aspects of the programme.

.3 Demonstrate that with the introduction
of a purpose built handpump, a mainten-
ance network becomes viable and economical,
and to establish such a network.

3. A mobile maintenance team was established in
each district of the state. These were equipped
by UNICEF with regular and special pump fitting
toolsi The following photographs demonstrate
some of the results achieved.



1. One of the special pump fitting tools

supplied to the teams is illustrated. A

simple but effective self-locking clamp used

when installing or removing a pipe line. Use

of this device reduces pump fitting time and

eliminates possible dropping of pipes in the

bore.



1. The Sholapur designed pump when used with new

wells where no old cast iron pump exists is constructed

in three parts, as shown:-

The firt part

The second part

The third part

The Head - containing the
working mechanism (already-
described) o

The Water Tank - which acts
as a surge chamber and also
prevents water wetting the
working parts of the pump
if the spout is covered by
the hand while pumping -
a common game amongst
children. It is also
the part which will rust
first and can, therefore,
be renewed at low cost.
Water tanks can either be
coated internally with red
oxide or galvanized.

The Pedestal - or pump stand -
which supports the water tank
and head, fitting over the
well casing and being bonded
to the platform in such a
way as to prevent dirty
water entering the borewell,
a seal being effected between
the well casing and the
Pedestal.





1. A complete Sholapur pump properly installed

will, therefore, look like the illustration on the

right.

Points to note -

1. Height of pivot approximately 40"
from the platform top. This
height is convenient for most
operators.

2. The installation procedure is
clearly seen to provide a strong
concrete foundation around pump
base, the cement mix filling the
annular space between pedestal
ID and casing O.D thereby providing
a seaL

3. The platform should be 61 dia.
minimum with 4" edges to prevent
spillage and a 20' min. lead off
drain ending, where ground conditions
permit, in a stone filled soakpit.
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Sholapur Pump Costing

Rs $

Conversion head 300.00 33.33

Handpump (Head + Pedestal) 530.00 ' 58.88

Pedestal + Water Tank 230.00 25.55

Cylinder 250.00 27.77

Per ft. IV dia pipe +
3/8̂ T rod 10.00 per ft. 1.11

/z

pump + 100 ft. + cylinder 1,700.00 188.88'

Bearing 15.00 1.5

Buckets 4.00 0o5

(Conversion rate used: Rs.9.00 = 1 US $)

Pump maintenance (Approx) Rs. 200 - Rs. 300 per pump per year.



Weight of Bangalore Pump Body C»I.

Kgs

(a) Pump Body top .. 32.0

(b) Pump Body Base . o 55.0

(c) Spout . „. 2O5

(d) Flange Pipe & Adaptor <>. 2.5



Cost analysis of improved Bangalore
Hand-operated Pump Head

Item Estimated R & C
cost (Rs) Estimated cost

1. Cost of casting pump head
50 kg. at Rs.3.50 per kgo

2 Machining

2. Cost of handle, including
MSP bushes

3. Cost of pivot pin and nut

175.00

25oOO

60.00

10.00

6. Threading collar and providing
bush

7. Cost of 4 Nos. 16 mm dia.
bolts & nuts

Rs.

10.00

4.00

350.00 (100 kgs)

25.00

62.00

15.00

o Cost of
spout

. Cost of

hex-head

pipe and

screws

tee

for
2.

20.

00

00

4

42

.00

.00

15.00

4.00
306.00 Rs. 517.00

S.T. 4% Rs. 20.68
Rs. 537»68

Assembly-
charges .. Rs. 55,00

Rs. 592.68
10% margin 59.26

Rs. 651.94



Cost Analysis of improved Bangalore Cylinder
Assembly

Component

1. Cylinder body

2. Reducing socket Cap,

3. Sealing ring

4. Spring buffer

5. Piston rod guide

^ 6. Piston rod guide
bush

7. Piston yoke

8. Cup Washers (2 No)

9. Spacer

10. Ball (2 Nos.)

Material

Go I. Pipe

G.I. (Malleable CI)

Rubber or neoprene

Steel wire

HDP (Nylon)

Hylam TF 2211 or
nylon

Estimated
cost (Rs)

9,

6,

1.

3.

.00

.00

.50

.00

R & C
Est.cost.

20.00

15.00

1.50

2.20

0.60

Hylam TF 2211 (Nylon)14.00

Acrylo-nitrile

rubber or neoprene 6.50

HDP (Nylon) 2o50

Steel core, rubbercovered 10o00

llo Valve seat (2 Nos) Neoprene 6.00

12. Follower Hylam TF 2211 (Nylon) 3.00

t
13. Buffer Rubber 1.65

14. Check Valve body

15. Seat Retainer

16. Sealing'ring

17. Retainer cap

18. Sleeve

HDP (Nylon) 4o00

HDP (Nylon) 3.50

Rubber or neoprene 1.50

G.I. 5.00

3.50

20.00

6.50

2.50

6.00

3.00

6.00

2c00

10o00

3.00

1.50

7.50

50.00
Rs. 79.95

4% S.T.

Assembly
charges

10%

Say Rs

Rs.
Rs.

158.00
.160.00

6.40
166.40

60.00
226.40
22.64

Rs. 249.04
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BURMA AND HAND PUMPS

Introduction

Burma is situated between latitudes 10#00fN. and

28'10'N. and longitudes 92*5'E. and 100*35'E. The elevation

of the land surface of Burma varies from sea-level along the

coastal section to 20,000 feet on the mountainous north. On

the west the altitudes of mountains range from 10,000 feet

above sea-level, The altitudes of Pegu Yomas, which forms a

low range dividing the Irrawaddy and Sittang Valleys in the

middle part of Burma, do not exceed 3,000 feet.

The climate of Burma is of monsoonal and the rains

fa l l mainly on the mountainous regions of the west,north and

east respectively. The central part of Burma receives very-

meagre amount of rainfal l . The winters and summers are hot

and dry, so much so, that the central part of Burma is known

as the Dry Zone of Burma.

Prior to 1952, people obtain water from dug wells,

r ivers, streams and, in dry areas, from dry stream beds by

scooping out sand holes to obtain perched water. Utilization

of ground water in larger scale had been started in 1952 in

villages and in small towns situating in the Dry Zone of Bur-

ma. The government of Burma had taken steps in forming an

agency known as Environmental Sanitation And Rural Water Sup-

ply Board. The Board had employed water jets , cable tools

and rotary d r i l l rigs for construction of many tube-wells. As

experience in drilling had been gained through some years

deeper wells had been bored to obtain more water. Afctpresent,

depths of wells range from 350 to 700 feet and occasionally a

few wells had been put down to 800 feet. Altogether 7839

tube wells had been bored as of March, 1976.

With the provision of safe and clean underground

water in the Dry Zone of Burma the demand for more tube-wells

by the population have been experienced. The community par-
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ticipation in the development of water resources is keene Pro-

vision of water supply and sanitary faci l i t ies to rural health

centres and hospitals have been extended recently. The Water

Supply Division of Agricultural Mechanization Department un-

der the Ministry of Agriculture and Forests is responsible for

development, operation and maintenance of tube-wells, p-r-esp6*

cially in the Dry Zone of Burma,

Recently as of 1973-74 the Government attaches

priority to rural water supply in the difficult and scarcity

areas. In the development of rural communities the Govern-

ment of Burma has given the rural water supply as one of the

main priori t ies .

The Wattsr Supply Division of Agricultural Mechani-

zation Department has mainly provided tube wells with either

hand pomps or power operated pumps. The programme for provi-

ding the tube wells with hand pumps began in 1953, Out of

7839 tube wells drilled or bored, 6807 wells have been suc-

cessful and provides water resources to 5310 villages and a

total population of about 3 million., Power operated pumps

had been installed in 230 villages providing water supply for

about 0.35 million population in rural areas,, The rest of the

wells had been installed with hand pumps. About 2.65 mil-

lion population are presently served by 6,577 hand pumps.

Ground Water Development

The increased use of wholesome tube-wells water on

a countrywide basis was f i rs t started in 1952 under the En-

vironmental Sanitation Division of the Directorate of Public

Health and the Division continued as Environmental Sanita-

tion and Rural Water Supply Board under the Ministryof Social

Welfare. Later, the Board was abolished and Rural Sanitation

And Water Supply Board was formed in 1954 and work 3K .-started

with force. After the take over of the Revolutionary Govern-

ment the Board was reorganised under the Agricultural Mecha-



- 3 -

nization Department in 1972 as Rural Water Supply Division.

Under the present Department drilling of tube wells

had been continued. Four field stations are presently super-

vising the drilling works in the Dry Zone of Burma, With 9

rotary drilling rigs, 5 cable tool boring machines and 13 wa-

ter jets 7839 tube wells had been put down since 1952,

Ground waters in the Dry Zone of Burma varies with

the host rocks which contain them. Three main divisions can

be made for the quality of ground water. Alluvial valleys

yield fresh waters or slightly saline waters, but the majori-

ty of the ground-waters met with are frGsh. The sedimentary

rocks of geologically younger in age such as of Miocene and

Pliocene yield mostly slightly saline waters, but in some

areas where flushing out of salts containing in the host rocks

are present fresh quality water can be obtained. Older sedi-

ments of Eocene-Oligocene period yield saline quality waters

only. Most of the tube wells are presently put down in Al-

luvial valleys and some in the younger sedimentary rock for-

mations. Where saline waters are met with the wells are

abandoned. Through experience of drillers and through study

of rock formations more successful wells had been drilled pre-

sently.

Introduction of Hand Pumps

With the introduction of tube wells in Burma hand

pumps had been employed since 1953. Provision of hand pumps

had been made due to lack of electricity in rural areas. A

total of 6,577 hand pumps had already been installed and the

Water Supply Division of the Agricultural Mechanization De-

partment is responsible for maintenance. Some people in the

rural communities are also being trained by the personnel of

the Division to maintain their own hand pumps. Where commu-

nication is easier the maintenance crews visi t villages regu-

larly. The co-operation of villagers in drilling, as well as
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in maintenance have been obtainedo Presently, the maximum

and minimum namber of users for each hand pump are 1,550 and

110 per day respectively.

Three types of hand ptimps have been employed by the

Division are %

(1) Semi-Rotary Double Acting Pumps.

(2) Single Acting l i f t and force pump.

(3) Lift and force oil bath pump with fly wheel

attached.

The above-mentioned hand pumps are of diverse manu-

facture, but they are suitable for the tube wells already

dril led. The hand pumps have different lifting power and they

are installed according to the water levels of tube wells.

A Where the water levels in tube wells are between 5 to 25 feet

semi-rotary hand pumps have been installed, whereas, single

acting l i f t and force pumps are installed where the water

levels of tube wells are between 25 to 40 feet below ground

level. Most of the hand pumps used are of deep well oi l bath

type where the water levels in tube wells are below 40 and 90

feet.

The single acting l i f t and force pumps are operated

in up and down motion on a handle, with the yield of 240 gph

at about 40 strokes per minute. Various trade names of this

kind of hand pumps which have fteen in use are as follows °

(a) Orjan

(b) Beatrice

(c) Red Jecket

(d) Luk6

(e) Myre

Deep well hand pdunps such as Godwin with two fly-

wheels and Climax with one fly-wheel are being employed. Both

hand pumps are provided with oil bath for crank case assembly.

They yield is approximately 300 gph at 30 strokes per minute



for Godwin hand pump and 400 gph at 40 strokes per minute for

Climax hand pomp. Both types serve the purpose for medium

range water levels of 40 to 90 feet below ground level.

For deeper water levels locally invented foot pumps

have been employedP These foot pumps draw water from 90 feet

to 120 feet below ground level* Power pumps and compressors

have been employed v.-hera water levels are below 120 and 500

feet below ground level., Altogether 230 power pumps have been

provided presently.

In the Dry Zone of Burma there are some areas where

the ground water is net potable„ In such areas piped water

supply has to be provided/iprngZii v:&!;er supply work is an exam~

pie1. The water provided in this manner- supplies to 35 vil-

lages and serving the population of about 25,000. About 6

gallons of water is made available per capita per day. During

summer months additional 35 to 40 villages depend upon this

system. Pumping in summer has to be increased by -.about 3

hours, but the supply per capita is reduced.

At present about 0.15 million gallons of water is

pumped every day for 10 hours a day. However, plans have

been made to increase the pumping time and to serve more po-

pulation up to about 80,000 in 90 villages. Supply of water

per capita per day will also be increased to 8 gallons. No

charges are levied by the government for the water supplied.

Conclusion

The Rural Water Supply Division of Agricultural Me-

chanization Department has its own plans for future ground wa-

ter development. It plans to increase the momentum in drilling

tube wells according to the plans laid down by the government .

The Division has plans to increase the number of drilling rigs

in order to meet the growing demand for safe and wholesome wa-

ter for the villages in the Dry Zone of Burma. Since most of

the villages have no electricity hand pumps will have to be

used for lifting purposes.



Please reply to: ITDG'S INTEHiiST
Industrial Liaison Unit, — — — — — — —
36 Derby Road, (Notes fo r the I n t e r n a t i o n a l '.Vorkr.hop on Handpumps,
Hmckley Th>: Hague July 12 th - 16th , 1976)
Leicestershire LE10 1QS.
Tel.: Hinckley (0455) 37846.

The Intermediate Technology Development Group exists to help make concrete somo of the
ideas set out in Dr. Schuxacher's popular book '3:iiall is Beautiful1. More
specifically, the Group was founded 10 yenrs ago to inform U3ors in developing
countries of the range of existing technologies in varying fields and to assist in the
development of these technologies. The organisation to carry out this complex and
specialist task includes:-

a) Panels of experts from industry and the Universities

b) Industrial Liaison Unit to link enquiries from the developing world
to industry and research institutes

c) Project Officers who work either in overseas countries on projects
that require the long term attention of one or more technologists, or
in the UK on a range of research projects

d) a publications company, whose output is expanding very rapidly

e) an information/intelligence function

f) a consultancy company

• g) a hardware company

1) '.Vith regard to pumps our interest can be clearly stated as the 'total technology
of implementation1 or the 'systems approach'. That is to say, the pump is only n part
of a system in which the most cost effective, or time effective, benefit may be for
instance, in keeping dirt and soil from the well or in organising routine maintenance,
or in separating drinking water from washing and irrigation water supplies.

2) It follows from the above that our interest is not just in pump designs, but even
more in whole systems, tried and tested as extensively and repeatedly as possible under
field conditions (references: Simon ",7att on Ram Pumps, also Chinese Chain and V/ashor
Pumps, and Peter Fraenkel on Food from Windmills, are appropriate).

3) Part of our function is to provide information to give the user a choice so HE can
select the appropriate pump to manufacture or to purchase; we hope that our
publications will enable an isolated user to construct and commission his own
equipment,

4) Before deciding on a particular pump there needs to be a guide to the range
available. We have several forms for such information publications and hope, at this
workshop, to identify, if there is a need, the form that an industrial profile of
available pumps could take so as to form a useful Buyers Guide.

5) The outcome of this pump workshop can be made available to our user contacts
through the Journal of Appropriate Technology, through the Overseas Development
r.iinistry contacts, by ITDG Field Officers, and via the ITDG information system which
includes the enquiry handling process of the Industrial Liaison Unit.

6) Andrew Cowan, the new Head of the Industrial Liaison Unit, has, at this workshop,
a full range of ITDG literature, which he will be pleased to show individual delegates
for reference, copying, etc.

7) It may be that at the end of the workshop it becomes clear that there are some
clearly defined pump components required in large quantities. In this event, it would
be an interest of the Industrial Liaison Unit to pursue the case with manufacturers.

8) Our interest extends to simple basic windpurnps through the services of our Project
Officers and Panels. Peter Fraenkel's 'Food from V/indmilld is an example of this
work to extend the range of simple puinps.
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SUMMARY

One of the resolutions of the recent UN Habitat meeting in

Vancouver, urges that just Ifo of the annual global arms budget, for

instance, will suffice and should be re-allocated to provide safe

drinking water for the mass of the world's people who live both in the

poor rural areas and the rapidly growing fringe settlements around

the towns. As safe drinking water plays such a vital part in the

health and well being of the U3ers, this resolution is a very pract-

ical one. It shows clearly the relatively minute sums of money that

would be needed for the improvements in water supplies compared with

the gargantuan level of global military spending. It places the re-

sponsibility and the burden of re-allocating resources for this purpose

squarely on the shoulders of those who can afford it, and those who

control present arms spending.

Improvements to water supplies alone, however, will be unlikely

to achieve their potential health benefits in full, unless sanitation,

food supplies, housing, clean clothing and soap, hygiene education etc.

are improved at the saiae time. Selecting from a broad range of possib-

ilities the ones that will lead to the best improvement with the most

efficient use of resources, is of course the purpose of integrated

develojjment plans,, Improvements to hand pumps for rural areas should

be seen in this broader perspective, as being only one component in a

much wider prograiume.

The purpose of this present paper is to suggest one immediate and

practical strategy for rural water supply improvement that integrates

and implements at the same time several aspects of rural development by

the multiple use of skills, materials and equipment. It also by passes

the immediate pressing search for the elusive, indestructable village

hand pump. This paper is based mainly on the experience of programmes

in the Sahel region, but the general comments may have some value for

other areas of the v/orld.



1. BACKGROUND - SOCIALLY APPROPRIATE TECHNOLOGIES AND SELF HELP

The poet W.H.Auden wrote - 'Art can never be the midwife to

society1, yet technological development is expected to be the midwife

to social development.

Part of the critique that appropriate technologists accept, holds

that development in its essential nature consists of v/hat people do,

technology is the means and the tools that help them do it; development

is therefore the fruit of a successful marriage between techniques and

the people who use them. The techniques that are understood and can be

managed by the people who use them, or that assist them to contribute

to the promotion of their social well being, can be said to be approp-

riate. This will include both the simple and the highly sophisticated

equipment^ and patterns of organisation that vary from the strictly local

to regional or national. Appropriate technologists argue, however, that

an understanding of the range of appropriate choices in technology does

not in itself mean that these will be adopted. The decision to do 30 is

essentially the political one of the best allocation of scarce resources

to benefit the majority who have the greatest need.

Britain was one of the first countries to industrialise, and even

the most cursary examination of its history shows that most of the tech-

nological changes during the 'Industrial Revolution' were relatively small

and easily understandable by the majority of people. Many of these changes

required serious social dislocation and were bitterly opposed by the mass

of the people, but others were eagerly welcomed. The steady mechanisation

of cotton manufacture needing a tightly disciplined and controlled labour

force is an example of the former, the replacement by easily washable

cotton of woollen garments an example of the latter. V/hether or not de-

velopment can. be seen to take place without gross social disruption depends

on the political stance of the observer. The criteria for socially approp-

riate technologies recognises the essentially political element in technical

choice and methods of implementation. They also recognise the competition

between the purely economic and the broader social development} that is,

between the private and the public good.

The technologies that are appropriate to social development are not

all restricted to self help within the social boundaries of the users.

There is inevitably a. need for skilled local or central government workers

to organise finance, know how, and most important to act as a catalyst



between the people and the techniques that bring improvements. This

means that a policy of -• 'from the bottom up1 must balance the more

usual structure of » 'from the top down1, for self help can only

finally come from the users. There crust also be a balance between

self help and assisted development on the one hand, and the production

of goods by independant industries on the other. This balance, as already

mentioned, is one of degree, circumstance and ideology.

2. SOME PROBLEMS IK RURAL DEVELOPMENT

There are many real and widely discussed reasons why rural devel-

opment is so difficult:-

- the migration of active, healthy young people into the towns

in search of a better life«

- the consequent iEpcverisluoont of social life in rural areas

- the geographically dispersed populations and the greatly in-

creased coots of sc.vviceSjtraiJsporta.tion and commurdcations*

- the attraction of developuent resources to concentrated

populations, with the neglect of investment in rural areas«

Developing equipnent tliat can be built and raad.ntai.ned in rural

areas is obviously only a part of the answer. Rural development, if it

is to be at all successful, cast come from a conscious decision by

government to direct resources, skills and devolve power back to the

rural areas. It is interesting that these same comments e-re also made

by the people living in the relatively poorer regions of Europe,

INTEGRATING DEVELOPMENT - FOCUSING ON THE HARDWARE.

The integrated approach to increasing the well being of a rural

community makes complementary improvements to a wide range of activities.

These improvements are within the ability of the members of tha community

to understand and manage., and start by tackling the most serious problems

firsto Thaa approach by planners is a naeessary one, and ha3 evolved in



reaction against the tendency to concentrate resources on one activity

that can be spectacularly improved by high performance techniques in

the short term, but may cause great difficulties in the longer tena.

Integrated development is essentially a method of economic planning

to achieve the best long term results for the smallest investment of

capital and skills. It is obvious that this approach to community

development also has to take into account the wider strategy at re-

gional or national level. It in no way overcomes the problem of

"second class capital" usually directed to rural areas; that is, the

rural areas are unlikely to develop whilst power, wealth, and skills

continue to flow into the towns at the present rates.

An attempt to understand how techniques and hardward 'fit* into

this broader pattern of development is known as a systems approach,

and seeks to understand and interelate the many different factors that

determine the successful use of the hardware. On a community, small

scale level, the attitudes of the users must be central to this system;

this is shown in Fig. 1-2 of the Interim Report for this workshop. Pig. 1. .

The hand pvnp system shown however, cannot indicate the confidence of

the users and the attitudes of the promoters of the programme - a

healthy state of affciirs could perhaps be best illustrated by colouring

the diagrsn pink.

The widespread failure of village well pumps he,s been reported

from v/ell construction programmes in many parts of the world. Mo3t of

the programmes were planned as emergency relief, when self contained

drilling rigs and experienced crews were organised to put down wells and

equip them with, pumps as fast as possible. The technique of construction

and local involvement was not part of a broader plan for longer term

development, and the well user3 were simply recipients of completed wells.

In these cases it is of little wonder that the users have often been

unable to organise themselves to look after the pumps. This essential

difference between emergency relief and development with regard to hand

pumps has been examined in detail by other writers. '^'

This present workshop has been arranged specifically to consider

vill£.£3 scale v/atar puupa, presumably for use in small dianetor boreholes.

There iizs? hovever, i:?rry other v;c.y& of improving rural water supplies

that •by-pass1 the need for hand pumps. Roof and prepared ground catch-

ments feeding v/ater to storage tanks, for instance, can make a major



contribution to water supplies. Fig.2. In areas where grouM water

is at a depth no greater than 50 metres, wella dug by hand that can be

pumped with a rope and bucket, that can be built by self help, and that

can fit into a wider pattern of development are a neglected construction
(2)

technique. v '

Self help well construction i3 considered in greater detail in the'

next section, with examples from the Sahel area.

SELF HELP WELL CONSTRUCTION PROGRAMMES

Ground water supplies that are shallow enough, to be reached and

pumped can provide a large reservoir of naturally replenished water that

is usually uncontaminated by disease causing bacteria until a well is sunk

into it. The wells may be constructed in a wide variety of ways. The

deeper wells over 50m deep, or those penetrating haxd rocks, can usually

only be drilled by powered rigs and are very costly for reasons already

given above, ntiintaining the drilling rigs in isolated areas is expen-

sive, end each rig has to have a mechanic amongst the highly trained and

highly paid dialling crew; the cost of drilling is such that the cachins

has to be used to its greatest efficiency to reduce the coats of each

well. la addition, a piechanical puiip must be fitted. These costly pro-

gran.nss by the:'//1 very nature ca?*not involve the well users to any groat

extent, and as 'they are sunk so quicklyf there is little time for the

drilling crs\i to organise the maintenance and repair of the pump and well

head by the users.

Self help well construction programmes are designed to allow the

well users to contribute their time and efforts to constructing a cheap

well, provided ground conditions are suitable. The techniques chosen are

made a3 simple as possible, and can be used without powered equipment,

although this can speed up operations. A list and comparison of these

techniques is given in Table 1.

Broadly speaking, self help wells are either dug by hand with a

diameter greater than 1m , or are constructed from the surface by a com-

bination of augering and drilling a small diameter well. Pig.3 shows both

these methods. Long experience by field works suggests that for most areas

hand dug wells n.ve cheaper than the snailer diameter wells of equivalent

depth, despite the more laborious work involved, and the greater quantity

of materials needed. The reason for this is not at first sight obvious,
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and a comparison of two programmes in the Sahel, Table 2 3hows that

the reason lies in the cost of skilled administration. The same

r-o.un.ber of organisers can supervise as many as twenty hand dug wells

at a time, allowing day to da,y work to be under the direct control of

an artisan, who may be a local person; this allows the organisers time

to discuss fully with the users how the well will benefit them, and how

they can organise themselves to do the work. Small diameter wells, on

the other hand, need much more attention to cope with difficult ground,

and although they may be drilled during the wet season when the ground

water level has risen, the organisers can manage fewer wells each year.

In addition, besides being traditional in many areas, hand dug

wells, if they are left open at the top do not need mechanical hand

pumps. This allows the criticism that the well water will be open to

contairanation from the surface, but even then the water will usually

be of better quality than the existing sources. At a later date when

skills and resources permit the well head can be sealed with a concrete

slab and fitted with a hand pump, or other simple water lifting devices

Pig. A» In this case, the hand dug well will give as pure supply of

water as a sr.'.all diameter sei:Jed tubewell.

The hc.nd dug well has a bad 2'eputation as a source of water, but

with care and srioJ.l improvements the risks of contamination can be

gres.tiy reduced* Some of these improvements, carried out by local people

in Upper Volts,, rxo shox:n in Fig.5 The well hefid ±3 protected and si).pp»

orted by a VF.11 of latcritic blocks, r:nd a lip of concrete is built around

the well mouth to prevent spilt water from running back into the well. The

cost of these improvements will come to less than SI. The rubber buckets

made and sold in the local markets are less than l/lOth of the cost of

galvanised iron buckets, and are small enough to be lifted full of water

by the women and children who are usually the water carriers. These

buckets cannot be set on the ground without spilling their contents, and

are therefore at less risk of picking up contaminated matter that will be

carried into the well.

There are other good reasons for choosing hand dug wells for self

help programmes, especially where the major cost of these is the skilled

organisation and delivery of cement and reinforcement for the linings.

These materials P-.TS simple to vork, are permanent and can be used for a

myriad of E^] £ hzlr> pro.ifcts besides V;G!1 construction. The .availability

of these materials in isolated rural areas depends on the level of local

development activity. Often they are scarce and correspondingly expensive.



A self help programme, however, is organised to carry these materials

and other equipment into the rural areas at the lowest possible cost,

usually in bulk with prepared storage. A mutiple use of equipment

and materials will therefore reduce the unit cost of each item con-

structed or improved, i.e. the cost of the administration can be

shared between them. Local people are often not unaware of these com-

plementary activities, an example of a mortar covered grain bin made

locally is shown in Pig.6, with an advanced, unreinforced type also shown;

the cement for the granary, and well lip described above, came from a

nearby well that was being lined with concrete as part of a programme.

The materials and equipment used to construct small diameter tube-

wells by machine or hand power are not so flexible in use.

Some possibilities for using cement and reinforcement by self help

as part of an integrated plan are described below. The local people can

be instructed and shown how to make these, and taught about their use at

the same time as the well is being constructed. The use of each item,

especially the granaries, needs of course to be considered from a wider

perspective in a similar way to that already described o,s the systems

approach for hard puaps.^'' Ideally these activities should be encouraged

and if necessci'y coordinated by an extension or coriaunity development

workero Nevertheless, many of these items are permanent and even if

neglected on completion v.dll still work satisfactorily when needed.

This final section will consider just a few ways that cementitious

materials can be used. There are obviously many more, ranging from house-

ing to bridge construction The uses described here are ones where the

adaption of reinforced concrete will make large incremental improvements

to existing activities.

Using the well lining shutters.

Reinforced concrete lined, hand dug wells are built above the water

level by pouring concrete behind shutters erected in the excavated well.
stceL

The shutters, made from welded rolledAchannel sections and plate, are

expensive but make ideal form work for building hand trowelled, wire re-

inforced cer.-.erru mortar tan!:;j<> ' Te.riks of this sort have a wide range of

uses, for water storage, as granqri.es, as septic tanks or aqua privies etc.

Construction around the shutters by unskilled workers is simple and fool

proof, and the tanks are durable and cheap. Cylindrical rings used for
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caissoning down the well can also be adapted for road culverts at

essential crossings.

These items can be built and installed whilst the well programme

organisers are in the area.

Using concrete.

Concrete or any other cementitious material for that matter has

innumerable uses in improving basic facilities. It will obviously not

be possible to carry out all of these in the short time of the programne

but it is not difficult to improve the ones that will bring large and

immediate benefits.

These will include providing a washable concrete slab and drain

for cattle slaughtering, concrete toilet bov/ls for the market place,

(which is often a major focus of infection), toilets and washrooms for

schools, hospitals etc.

Virc reinforced uorb.ar, often called ferro-cement, also has a

wide range of uses (See P.ef.5). Washing basins with scrubbing boards

along side the well are en introduction that will have great benefits

for the v/omen of the corar-unity.
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Fig. 2 Roof and ground catchaent tanks.
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a. Protected well head. Lateritic brick heart wall to prevent collapse, concrete lip
to prevent spilled water draining b3Ck into well. The galvanised iron bucket costs
10 times more than the rubber buckets, is heavey when full of water, tips over if it
hits the well side during lifting, can be rested on the ground and is more likely to
pick up contamination. It can also be used for cooking.

•"-fl
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b'. Locally made rubber buckets. Cheap, clean, small volume, can be easily lifted,
cannot be stood up on the ground, cannot be used for anything else but water carrying,

Fig. 5 Local improvements in hand dug wells. Upper Volta.
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TABLE 1 . COMPAHISON OF WELL COfCT-filCTIOK

SELF KKLP

TECHNIQUE

LAKGK DIAKrTTER

HAND DUG WELLS

KAHD AUGEHED

VELLS

D R I T O J VELLS

f
JtTTED WELLS

HYlffiAIILTC

PKRCUSSICN

CABLE TOOL

PERCUSSION

KAXIMJM
PRACTICAL
D2PTH

About 30a
t u t can dig
to lOOmotros

30 motros

20 metres

50 metres

ft

75=i

75* •

DIAMETER

Range
1-10

cetres

5-25
ens.

5-10
cms.

5-30

5-15cmo

5-30 CS!E.

MAIN ATTRACTIONS

1. Requires ciniRua of specialised nkillo
2. Only oiupie tools ami practical sk i l l s needed
3. Construction takes placo down well and work

can be seen at al l t iceu. No danger of lost
tools .

4. Can U3e wide range of materials for l ining.
5. Vide range of puraps caa be used.
6. Large ditucetcr wells are tradi t ional and

readily acceptable in many parts of the world.
•7. Especially useful in slow flowing aquifers, the

largo dimeter well is often the only way to
extract water.

9- Ostr^c^ sotofcWute VV\eW e^orVt. W scofce.

1. Can penetrate further into stable aquifers.
2. Tocla relatively cheap to make and U30.
3. Uses the icirdium of materials.

1. Simple quick and effective.
2. Needs nininun of equipment
3. Can be usod for exploratory work.

1. Simple and effective, needs few s k i l l s .
2. Can -oenetrato far into aquifer

1. Simplo and effective, needs only fev sk i l l s
2. Simple equipment
3. Con penetrate aquifer, aa well is kept full

of water.

1. Very verohtilo technique, has been widely
uaed ar.d adapted to different Materials,
and power sources.

2. Can dr i l l through noot materials.
3. Can penetrate far into aquifer.

•MAIN LIMIT ATI OKS

1 . Laborious work g i v i n g
slov progress aovins
larg« amounts of material

2. Cannot dig by hcrji t.ore
" thi-ii ebout 5 cetres below
water table, well therefor
l iable to seasonal fluct-
uations in water table.

3. Extra cost in lining
materials, shutters, e tc .

1. Noedo sone experience
and s k i l l s .

2. Cannot penetrate consoli-
dated ground or large
gravels.

3. Gi.und formations oust be
stable.

1. Cannot penetrate hard
soils gravels or rccko.

2. Low water yield.

1. Requires some special
equipcent and pu.-apo.

2. Cannot penetrate hara
soils or gravels, o:ily
loose sar.d ar.d so i i3 .

3» Needs xarge soui'co of
•--ator.

4. Difficult to kr»i>u vheii
aquifer i s x-etichsd.

1. Cannot penetrate hard
eoilo, rocks ar.a graTels.

2. Eiaiacter of hole l is i tod
3. Difficult to d r i l l thro-;.c;-,

coarse loose ri?.tenais.
4. Needs (rood supply of watar.

1. Neqds sone opocialist
cquio^ent.

2. Technique can handle vido
vorioty of geologicai con-
ditions but thiu nsecs nc-^v
experience and s k i l l s .

EODKRX Br/i'WrMarrs

rERCUSSIO.>."-LASGS
POWEil SO'JHCE

2. FLUSH ROTASY

3. ROTARY VaTH AIR
CIRCULATIOH

CliiCOIJiTIOH

5 . W\PJ THE KOLS

HA.MI'iKTi KS3CUS-

SIOK I)KI LLIKS

6. CJIILU:P SHOT
ROTAHY.

150m

200n

'00m

I0-30CQS

10-40cno

10-20CK13

15-100C21S

1. Con dr i l l to crcat depths through almost
any rock and soil

2. Equipment and techniques have been
highly developed

1. Requli-ea costly, high
performance equipaent.

2. Needs highly skilled aid
experienced operators.

3. Equipment bulky, diff icult
to transport away frox
good roudc.

I

15.
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TABLE 2 A COMPARISON BETWEEN THE COSTS OF LARGE DIAMETER HAND
SUC WELLS. AND SHALL D.IAK3T5R WEi.L ProGRAMMS??. WEST APRICA,

li'74f.

PKOGn;,:otE

ITEM.

A . MATERIALS

B . TOOLS AND
EQ0ITME3T

C . TRANSPORT
MATERIALS &
EQUIP:™;? TC
WELL SITKS

D . WAGES OF
LOCAL ARTISANS.

E . PERSONAL
TRANSPORT IT-H
ADia)n:r.TE/.TioN.

P . ADMINISTRATION
& SALAfdZS OF
PKOC;>,'jr.'K
SUPERVISORS.

KAN POVKH
&

WORK RATE.

PEACE CORPS. UPPISH VOLTA, 1 9 7 3 - 4

LA.HGE DIAl'lETER, HAND DUG WHLLS

A v e r , d e p t h •• 9a

DESCRIPTION

Ceaent,rc-rod

Haad tools,
ahutters,
carta, etc.

Eaploy local
hau3.iera and
storage
facilities

Maaonr. to
supervise on-
job work.

Pick-up trucks
fuels, oi ls ,
servicing.

Office over-
heads, adaini 3-
tration costs,
lod;7ini; allo.v-
f̂ ico, salariOG
oto.(1575 figs.

COST 8
/Metro

15.6

1.9

3.7

1.5

6.2

41.2

)

c/'o TOTAL
COST

22.J

2.7

5-3

2 .2

8 .8

58.6

TOTAL S7O.l/m lOÔ b

12 Field workers, 1980a of well
dug end l ined over the yeax-.
I65 m of we l l / f i e ld vorker/year

PEACE CORPS. TOGO, 1973-4

SMALL MAMKT5.-R WELLS
CONSl'RUCTHD BY CABLE TOOL
PERCUSSION. Aver . deptii=10o

DESCRIPTION

V e i l c a s i n g ,
screens,ris-
ing main
pipes,pumps

Head frame &
lif t ing tackle
tools, and re-
pairs, e tc .

Use programme
vehicle

Eaploy local
well diggers
for training
including
transport

Office over-
heads, e tc .
administration
costs, lodging
allowance,
salaries, etc.
(1975 Fieures)

:OST
3/metre

20.8

3-8

3.9

13.1

66.5

v&OTAL
COST

19-3

3.5

3.6

12.1

61.6

TOTAL S103/m 10056

1 Field worker to each r i g .

120m of wel l / f ie ]d worker/
year.

Source: US Peace Corps. Upper Volta pro^raana. Costa l>ased on total yearly
expenditure. Note tne higher cost/metro of finished well taken up by
administration and supervision for the small diameter wells.

The total costs of self help well construction will depend on a variety of factors, and some
of these can be deduced from the Table above. Costs per metre will vary greatly with
difficult ground conditions, and the efficiency that the programmes are run. The Table
indicates that, all other things being equal, the technically more simple method of hand
diRginc is likely to be the cheapest. Both of these programmes were in areas of hard
latcritic soils. In West Africa, hand dug wells can cost as much $100O/metre (by contractors);
Machine drilled wells are invariably r.ore expensive tlin:i the self help wells - further
information can be found from Reference 2. The sisiplc tubewells become cheapest in soft
sandy soils with a shallow aquifer.
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Thio P•':[.'or discusses brk-fiy programme for drilling of shallow

wei'-; (j-iviiy-.v. :'• wl-v. ]-.•'.;!.-.'> p:.nv:;.v> ar.J. the u lection of :VL-»:.;;,..J>ie har.! pumps;,

Opportunity muf.it J:<o Ci.lie.i here to dilate briefly on the general

policy o? the Ghn^a Water a>̂ d Sewerage Corporation, the Government's

Ceaui:?:] Agency re-spout ible for promoting and opera t ic the country's

tirioklng water supplica, .Cor i:hc provision of shallow wells equipped with

h«s"d puinpa for public v/ster cuppiiea m £i;c snsr.ll rural cornniuaicics oi

Gluna.

(2) A scady of Giieiia'u po;;;iU:cio;i distriliation, uccording to the 1970

popukidon cc;":. iv.y, hidici cc3 tiu.i t'licrc: ;:rc fjoviic '16, *1-*'O cojiUiMi'iiats with

pop'jl;-.i:iO'-\ IC .̂'J tiira l,CK!. This pop\(i:-i'o:< group uju.ocrr; 4 millJo-vpcrfiO;^

Ti;crc i;j a u-Mi-.u-i- px-.v.iuior. r;roup •• :.O:i;:; i;I-:6 coniii-.Lt.iJti.c- of populaiioni;;

bclv.-c-.ti 1.C03 (•••:} 2,ClsO v.l.-o ni'mbo: L>-p."oxin).?£tly J. nu'lion pcrso:is.

G!jr.ru.'s co*; I irĵ vaL-.cioa (3l>/0 cc=i-:;yc) i.: i;pi>--:o:-a>.nytely Ĝ  millior.. Of this,

there ere 457 communities o.C ijopai^tiun cbovc 2,000. The tOti;l population

of tliCoe 4S7 coi.iiJiuniries j-s ; ;;picxuncs;cly 3^ millioa.

(3) Where comrniiaitic-,'3 arc co small i-ud GO width/ dir.p^rscd, any notion

Of providing- rhcrn witii pipc-Jx>rrjc water would be entirely ruled ou", on die

groups of sheer cost. Therefore, for populations below 2,000 the

Corporation's policy is to provide the communities with sanitary shallow

v/clls equipped with hand purr.ps. Shcllov/ wells equipped with hand puinps

are provided at the rate of one well per 300 persons or less. (i. e. say

three v/elia for a community of 1,GGO persons), it is already well established

thcX village welia, properly designed, cited, constructed and equipped with

haad operated pumps of rolxiot coiistruct.loa, are cheap a.nd reliable £;oarcc-9

of naturally safe water, and eminently r'catcered to the innumberable small

communities of rural Ghana.

(4) A humi)3.e well hr.ad puaip can preaenc considerable difficulty in ir.s

repcir,' particuku-ly by virtue of its distant location away txom regional and

even district centres, and on account of the fact that the entire pump aas

must bo lifted from the depths of a well in order to be able to effect a

eirnple repair.



It 1/3 therefore aa i::;v;.iui"ge to secure the land of haucl p!.inip that would

.T'c-.i'jive e;ix>\':'j/> '.-•;.•'/ c'^'..v o 'cv- !'_;;.:o:t cA v.•;'.-, e-\''f ov. ycrv- ''•:-' ^ ' i x v .

(5) The Corporation has for n long time been, faced with the question of

standardicLif; upca the hand purnp^ which are required for LmaJiing on the

shallow wells. Tiu; hand pumpu \vl5.;.•:;!; \:he Corioorr.tioa has so £:;;; installed

hove generally }>roved lujcuitabjx^ pnrclraiJrr'.j' froivi the poim of view of

length of operctior.cl life, ;:nd the need for a co.itpiiortiod repair fiyctem. The

Corpo.fi':tion io thcrd'ore, raddtniy faced with the problem of securing a^d

rtruicktrciiaiag upo-i type of h;-ad punips wrJ.ch vou'd meet Gii^aaicn conditions

crd survive for lo.ig-tena use, parUcaLviriy in the reniOvc rurui ;.:re£ia where

i;cce^o to the putii.:^ is; no!: ;>.v.::io!<i e^iriu^ roe \:ci rje:\«0ii,

(6) I'heie ;;rc three :v:i:;a bend--p.:i:^: p.':o;̂ .':!irivjiec Pt v^rioue- etogt^ of

iinplevac-itaLoa in Gi^-no.

(i) P!j:fl!.ov/ Weil Di-lJ.U.13 Prc^rei-u-ae J:i {:c:j,i\.-:vn cii;l CenLir.l

Glumo;

(i«) VvMO/Uî DP F.ur<!l Vaiter Si>-ply Pilot Project!:; and

(iii) The Uptjrr ile.vioa (CIDA) )u:r::i Wattv Supply Frc^r^jAinie.

(7) In this prosrnmme it is lntc;idc.d to drill o^xxjt 3000 fihullov/ weJJa

equipped with fvmd-parnpi; for sraali rural coijiiru'-ilclco of popn'c;:i.oa bclcv/

2000. The pro&iamme evea covers part of the B.ccug A hallo, Ashcnti, Weiiiieia

Central, Eastern GDCI Volta Regions. The West Csrmsn Government is

providing technical assistance ?ad finaacc to cover the off-shore costs of.

employing overseas drilling contractors. Tills project lias reached tendering

and selection of consulting Engineers stage. The followui£ tcslca shall be

entrusted to the coni-'ulthng Engineers :-

(a) Preparation of clic pi'ogramme inclusive of hydrogeolo^iCoi

(b) Supervision of the implementation of the. pro^rannne;

(c) Cjonclasive evalu;;tion of the programme; cad „,

(d) Assistance to the mainttriiMice fjervice.

Of * . . .



(o) V.HO/UNO'.-1 J'i'i.-i-.J. V.- ;-•!:f--r Jf'srir^v I'}?->*: Proifcc

Ti:i.; i ; ;• ;C:'--.;' >;, y<y re '}:•: cv.-'^.-s \ .• :'-V L^'Ol- . u^ C:n. <v; Covi..ru.\v:r1;;.

The •Mii'V.! of the n-rojtcc i.-; to provide ^ocxl drinking v/;ter in the rural a reas

of Gh;:.)>.tp i^c;.u:ii"g co;jri?.?.'UctiOii of 215 ohcsilcw Lore holes equipped v/ith

iuud-pLiiXtns. la this project WHO is to iwoisi G . V . . S X . la the testing -

sad Gek'Ction of siiiioblo ho?id-p;u»p of. robwe co'x:xi:\v':xiot\ th?it can be

developed m Giraia fov serving odccjU^T.c'y the f-nic'l rura l coirvoamities.

Woik uricici' this project herd coniiTitii;;cd f-iici cue hena-pump yeit-cticn

c^crcice i.3 ?/>^ut Co t-toit.

(9) The Mr.-ic^J^io;-; (CI.'-̂ A) Rvj_r;.'l V.TLcr I-iupo!',' l'Vo-»vavrmic_

Tii^ l!r;K:i- ileg«>.•,;'« (CID.A) i\!;rr..l V, co. r f-apply i-yciTrfuiirnc cnvkKi-es

fh-r devolcp!u;.:-ii; of a hry^. p.ii'abcr of b;"Tc:hoic<j fi,'.tc.:I \vit!i hnna-i^'ivip:; to

provide !•;;••{..: i ^vrcc; nf v/;.i<:.;.- i-f t';c ?.L .••.•,•.•» y::_;.n:.ik?.; of iho Up;>ov iU::;!oa.

The r ^ ; ; j : of work (;iv;^r';,( J iy ?:; i.'c.5.*•.,•,.•;5 ;••

(i) Dvi.Uip,g of r.or;4c 2, 300 .'-•Sicll'.v.v j;:;ioh.-ik3, :.nd

cupp'y oai ia.~i;;;Akcioa of o.i c^uivalcac nuni-bcr of

(ii) l.oz:.ll\^ i.;v.l clOi-.iU.i^ of c.iiciii.n^ v/Uiii hi co.iMi'.ur.lUcs

wiih 160 v.-clly i're involved) la^iudlfig thi supply and

inritalbcion of hr-.P.;i"5:.nimpj.

(iii) Supply ond Jiiai;fill.'i!:i.o;i 0$; repiaceriicni; hanci-'pumps for

existing wells v.heie the hand~purap3 ore incpexi-xivc and

beyond repcir.

(iv) C-oo..sr.r'.-cciori of bxse raaiatennacc v,'6rh3hop and warehouse

cr. t-o^iiiGnga end district workGiiops ut \!;c, Bov:ku r.nd Tuniu;

ir.vl supply of equipment for these four Dlsulec Stations

iacjuding five mobile ini:inienr:ncc uato .

(10) As ex the clcite.' of writ i;;^ this paper 1060 .shallow v/ells have clvcady

been drilled cw: of whicli iOiO well?! hsve been fitted v.-itli two types of hand

uivipy from Canada, iU!P/;e.!y the Doatcy and Monarch.

4 / . . •
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(11) The Corporation b^rarae wsxy concerned at the rate of failure of

the;:i.* hr-;;}-fj.n-]~!*. C i t of t ' ; : j f i r . .-? OC'J !U;.J:> p;.' '_' ;;3 i i i a t a i i c d abciK GOO

failed \/ithi.n 2 to 3 weeks after installation. Various modifications were

carried cue £0 make the pmvips operative but the failure rate tlur..'.;-h reduced

is still high, lii many of the failures analysed it was found that 90% of the

failure w'fi-'-: Oi\ the pump bod/ above ground i .e . the; base, column, stuffing

box, coupjiiig fulcnuTi brockets and tlic iir.adle or lever.

(J.2) As a rcfjult cf this hi^h r?tc of wiiurc ic wes decided to institute a

hand-pi1 nip test progrorame to ecleci: :::uicable typCo' ot pu.nips v/hich v-'l.U meet

Glu'.i\aii''-i co'-ulitioao ;;'.ui .'ji.uvivc for 0 lon^-tcrin use.

(13) Terr. Pro-fr^inoie

A tc.-t |)ro^rr>.r;i!i-? invoiv.'•!_<•; Gcvt-n. diffcrcut types of iKinG-pumps has

been sec up. '/'he f.U'.iipri ;:.vc :-

(i) lk-tcty - C«ur-iiaa

(2) Monarch - Canadian

(3) U.S.T. P^nsp - Ghanaian

(4) Dempster •• U.S.A.

• (5) Mono - British

(6) Godwin - British

(7) Kenya Pump - Kenya

(K) In order to effectively monitor and control the test programme .

selected areas of similar subsurface conditions such as static water level,

depth of well etc. have been located. The areas chosen will bs accessible

all the year round. The selected areas are illustrated in Appendices I, 11,111,

IV, and V, and data recording forms ere shown in Appendices VI and VII.

The test programme has only just begun and no results are available, and

therefore no meaningful conclusions can be drawn at this stage.

(15) In is proposed to carry out the test programme over a. 6 months

period during which period there will be weekly contiguous monitoring of

the performance of the various types of hand-pumps.

5/
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(.16} •> •:• o:"i:l\-.':M :O \--\< :\I-:'\-;^. S.'.-.vo ;•;/•. o••:. t C <:UJJ i x . ; f p i r n ^ : ; s J ,CiC-:{

i o L1>;- U . • ; , ' • ; , }:•••.-:*.-) v V _ " : ; ; i . u . r . u L - c u ^ : : : ;..:•;:..:j.'-.y i.u G l ; - : - n a . i t i n c o r p o r a t e ; . ;

mony D<ateJ<.c fe^turea. and Juis no pui/ip cylinder. The leather cup seal

opzzuco, iu c> 3 inch tlr.-.j^crer plustlc n^nc {i.e. drop p^pe).

(17) !•.?;•• .i.'iKQ-.'ivicc Pro.'^-'fiiViinc

Cca*.;k\cri.av; the lar^e number OS.' lir.nd-pavnprj the G.V^.S.C. UJS

eitiharkfu oa i;:3i:r.l!iM(j, the importance of m cu^ccivc maiarenr.ucc

pro^fc-nnr.c covuot be ovcv-omphc;ciocd. la the Up:;cr iic^ioa where ?•. lx r rc

numbta" of ii.--n.-J pumpa have alrcr.ciy h-.'xra ia.stallca ;i r,miatcn.;iacc programme

boo just j'.cca r:vi; up.

(it?) Tii- cOi'ijponciH's GT ti,c %.c/l ri^inrca^nce Ajn^tfoa ere a;j foJ'ov/o :-

(c.;) }.;•"•.'.iiiae lnrpr.vtiri'j ;^'d JV;LI".V rcruiv:: to x\>.^i:l l-.r.nd

;,;-.:; •.; !>y ;'v.'.?::cvc.;-ole.

(•'.') Ci:)-':;.>].ct(2 fix]:.) "orvi~i<V; r'v." I'.uii. rcpi.x.onic:ir3 of

h.::i!d pu;apy oa an "os required" bi'.siu by J-Aobiie

,Se.rvl';inc'> VcliicVi cqv'.ippid wjiii tc-jiy cn:l .v.pares.

(•i) nc"j£i.'.(.'J:'\j..'.^"C^}^/ Kara! Hciiid i'u'.rr~« :

ho-jjJi ti.ic.Te ic c. need to iuri^cct each haad pump four times

a year, the rciual an'iouat ol servicing rcijuii'cd ic: Hicc-ly to ise k-tra frequc-nt,

Pii.rt of the xQ:\LQW for such frequent itwiiccclons is biCdU.oe of the lock of

odequcte comrouolcatioa facilities. Therefore the routine inspections serve

es a reporting system for servicing needs. Io auditi.oa to being s reporting

systcms the roudae inspections would provide tae necessary public relar.!ons

and trrining input required ia connection with tiie introduction of grouudvvater

supplies. The nuers must be acquainted witfi the proper manner of operating

the pujnps. Pi'occdures cr.d line of communication for reporting defective

units have to be- set up. Eventually, the e&til">iif;hmcnt of a limited preventive

maintenance capability £t tiie local level should be sought. Proper conimuni-

Ci't.io:i J)e£v.'ec;n the G'vVSC iv;amtcnance staff and the rural water consumers

hi particularly iinpoitant during the first two or three ye^ro of pro^ranime

iinplernentction.
\ . 6/...
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cciiibinc Kuoii h;>pcci!on?j v,i.;:ii a picvoanive rncinntn^acc c\v.\ minor repair

cr.pi'blliiy. invert a i imkui .uiioual oi oUh^; tine- boil n^hixniv;^ v/iil extend the

life of the p : r t3 involved. It: i« th-^rcinrc cavi'sioncd ti^-r. aurin^ jiuih iai;pccu

v.'y.vn p^rte r ; u be rcpjac;d prior ca iV.U.'.irc Typic.;i ixpcl rs v/hicb caul-:! be

hudc O.'-J p.-rL ex t'-;'i in::noclion sctlviry ni'e rcpl;;ccn"jcut of licusUlc ;-SKC\niiIy

ra.d iVt.'.oii.T.s piur trjiv.iai;'- of IJL;:CC £:•-.;;:-;;:>rs Lo.'to, i:iicl iinproviyi^j where

ncccuscry r.o )x;-.p a J:.LJ}:-P oprrctiCi!.--! "..uiL.vl r. ;!K.;.?i; Gcrvicc ecu LJ provklcd.

f !•:•.'...! i i trv!: :-! , ; r ' ? . 1 ! ; ! ';..• i';.;:c
i.:i-!i.-J c- >',.' r:."> ' u ";.;:: y.^.-L:^'" ivy.'.?,. Tiic f re^acn

C/'t'-:-cli :.c.:'..'.•".;.':;._, wi'.i ;!..".-..; HOC.':", L;.-.v ;- .c • .".s J . :';':ic:Hv:c.'U ;-na i"riI1:i'>.r» ; :re

;.'£.-po::(;t:-'! by i;:";c- i-v-.).;-c;::ki..'. r-'.i.-i,o.M;.L I:; j:.s i,;;cioi,;;i;..d ihvi a.cb )i:^d put:up v.-i.iI

lu:vc to Jx; i:ii.rvic.cc5 cl k:-?.:;l o i c e eve ry -V 'Q.V^<^-

Inspcoci-.'n'r^qyi-i-cr; a vt-vy lliVi.'U.--.! .•.-.c.-i'vice c ^ r L U i u y , ba t t!v:.- coiViplcte field

fccrvichi^, o l <i h:-.!i.j pump iv..ct2.'5J'x!:-"C i^e avaJl^bilicy or ;~t ICCGL tv.o men haviaj ;

a s e r v i c e vehic le equippc:! to r en iove oad r e p l a c e hi-.a:! p u n ' p s , d r o p p i p e s ,

cy l io ' Jc r s , i c iUi t r r i , e t c .



SHALLOW V.ELL .INSTALLATION AND

R E G I O N :

PARTICULARS 01' V-.J-LL:

TOWN: DISTRICT: V.ELL No:.

TYPE OF HAND IFUMP

DATE iNSrALL£D: DEPTH INSTALLED <pt)

DEPTH OF WELL: (p:) YIELD: (CpM)

SWL: (l7t) DV» L: (Ft) FINISHED DIA :

(113.)

SL:KVICING :

I. M/.TliRlALS USLD

ITEM
KJf) QTY. *. Unit Price

T o t

P '

a 1

1

Amount
JL." mm. P

11. LABOUR COST

Grode of
Employee

Normal V.orking Tim

Uo. o;
U<\ya

Amount hr

Overtime Timi

3 Amoun t
k'

W/Allov/cnce

No. o
Nights

/il";;OUP-t

V i.-

Total

Sub-Total .

p

HI. TRANSPORT/RIG COST

TOTAL MIUiAGE COST/WILE :

IV. OVERHEADS: $

' • • # • • . . .Amc.

2/ . . . .



V. TOTAL CC'SY OF Hl\R\ilCU4G/l\L.LiAma: <£

DATE SERVICLNG/REPAllkb STARTED: Date Completed:

CAUSE OF BREAKDOWN: ; . . . . . . . . . .

NATURE OF WORK/REPAIRS DOiNE :

REMARKS:

NEXT SERVICING DUE

OFFICER-IN-CHARGE

ENGINEER:



UNICEF RURAL WATER SUPPLY WORKSHOP

Bangladesh Rural Water Supply Progra;x.ie

An Outline of Choices Associated with
Har.dpump Tubewell Programmes and Handpump Design

R. Ph i l l i p s UNICEF, Dacca

DACCA,
BANGLADESH MY 1976



OUTLINE

1. Health versus other sectors of development

2. Water versus other elements of health sector

3. Implementing agency choices

4. Funding sources

5. Personnel required : HPTv/ programmes

6. Sources of specialized personnel

7. Single wells versus piped systems

8. Handpump tubewolls versus other wells

9. How to begin

10. Shallow, deep, or nulti-purposo handpuinp

11. Output of pump desired

12. How much to spend?

13. Imported versus loco.], pump

14. If local made pumps - then what?

15. Imported pumps

16. Handpump research and development work : \rho should do it?

17. Details of pump design

18. Considerations in site selection

19. Installation

20. Maintenance options

21. Continued development

22. Pump production



N O T E

This outline may be helpful to UNICEF Programme Officers

becoming involved with handpump tube-well programmes for

the first time. Perhaps this type of outline could be

amplified by others as time permits to include more

details, and perhaps cover more topics.



Bang lad e sh Rural Wat er Sup p 3jM^^gr ajme_

Choices Associated jwitji_ Hgjidpunrp. Pjygramrnes and Design

^ • Health versus_j3ther sectors of development

(a) Health and disease as a constraint on economic development,

(t>) Public demand for better health.

2• V/ater _versus_ other elements of health sector

(a) Disease patterns affecting children,,

(b) Proportion of water related diseases as percent of total.

(c) Water resources available to supply safe, potable water.

(d) Institutional arrangements to instal and maintain public
water1 systems.

(e) Public demand for and utilization of improved water systems.

(f) Resources available - material, financial, manpower.

3. Implementing agency choices

(a) National water authority

(b) Provincial water authorities

(c) Local water boards

(d) Rural development departments

(e) Cooperatives

(f) Private sector

(g) Public works departments

(h) Health ministries

(i) Others

4. Funding sources

(a) UNICEF regular resources

(b) UNICEF special assistance projects

(c) Bilateral donars

(d) Multilateral agencies

(e) NGO's

(f) United Nations or UNICEF special emergency appeals

(g) Self-help, reimbursed payment schemes

* o 0 » C-f
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Personnel ..required _j__HPTW programmes

(a) Ground water engineers

(b) Tubewell technicians

(c) Managers

(d) Logistics. coordinators; procurement; follow up on
end use - storage, books.

(e) Pump technicians - depending on typo of pump

(f) Mechanical engineer, Metalurgical engineer for pump
design, production.

(g) Communications, sociological, educators

Sources of_ specialized personnel

(a) UNICEFj country office, regional office, other country
offices, NYKQ

(b) UN agencies; UNDP, WHO, FAO, ILO, etc.

(c) International Consultants" ground, water1, v/ater resources
planning, management

(d) Local consultants; technical, management, etc.

(e) Technical faculties of Engineering Universities and
Technical Institutions,

(f) Government agencies, departments, resource centres,
technical assistance centres, research organizations.

(g) Voluntary agencies; within the country, in developed
countries but interested in development.

(h) Specialized personnel and consultants of bilateral donors
and multi-lateral funding institutions.

(i) Foundations

(j) Retired personnel - especially logistics, retired from
armed forces but anxious to work.

(k) Through advertisement

(l) Private industry: advice on a wide variety of technical
matters related to supplies.

Single .wells versus piped systems

(a) Demographic-sociological factors - hov; people are arranged
in settlements. If highly compressed into concentrated
settlements, then piped schemes feasible. If dispersed in
hamlets, then single well systems preferable.

(b) State of technology - ability to maintain, operate and
finance mechanized piped systems versus single well systems.
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(c) Financial and other considerations:

1. Piped systems require relatively higher per capita
capital investments, recovered over a long tine,
if ever.

2. Piped systems often take several years to instal.

3. Financial management/maintenance problems often mean
low utilization of piped scheme investments.

4. Single well systems require smaller capital investment,
short installation time, relatively easier to maintain
and operate.

5. Access to piped water systems often restricted to those
able to afford house connections.

6. Piped schemes often become disease distribution systems
if contaminated by cross-connections.

7. Piped water system service is often intermittent.

(d) Hydrogcological factors:

1. Single well systems depend on availability of ground-
water:

a. depth
b.. quality
c. a qu if or yield

2. • V/'herc safe surface water is abundantly avail-able under
gxvavity pressure, piped systems may be the most practico.l
solution.

8. Handpump _tubewells versus other wells

(a) Handpump systems are relatively sanitary. Open wells are
rather easily contaminated, either by the air, or water
lifting device - bucket, rope, etc.

(b) Handpurnps require more maintenance than some simpler,
indigenous systems.

(c) In alluvial formations, HPTWs are easy to install, but
require casing and filter.

(d) In rock, holes are harder to drill, but filter and casing
may not be required.



(e) Handpumps must usually be centrally manufactured, whereas
some other systems can be made in the village.

How to begin

Whether you are choosing an imported pump, designing a new
pump or redesigning an old one9 there is only one way to starts
start small. Experience by trial and error will then be the
most reliable guide for further choices. Believe it or not
the handpump choice problem is now very complicated - due to
a veritable maze of options of designs, models, materials
and assembly processes. To order large quantities of untried
designs could lead to disaster.

An equal danger is to do nothing at all. One is apt to bog
down in a quagmire of choices. It is necessary to make a
start. Not all the factors can be known in advance. By
proceeding slowly and cautiously, new factors can be dealt
with as they arise. The main point is to avoid over commitment
to one design, the performance and production problems of which
are not fully known.

Perhaps the starting point should be the observation of
available models already in use. Then choose an option which
seems appropriate, order a few, field test it, produce a few,
redesign, retest, etc., etc., etc., enough times until decision
making becomes more refined. The design should gradually
begin to converge around an appropriate solution.

10. • Shallow^

(a) Depends on depth of water table, and uniformity of ground
water conditions.

(b) Where water level is normally 25' or loss, shallow well
may be used exclusively.

(c) Where water level is normally more than 30', deep well
must be used.

(d) Where water table varies considerably - say between 10-40
feet within small geographical area, a flexible design,
multi-depth sotting pump may be used,

(e) Where water tables are likely to steadily drop, a design
which can later be converted from shallow to deep may be
worthwhile.-

11. Output of pump desired

Designing a handpump tubewell is like designing a water system,
because it is a water system - having inlet, rising main, pump,
reservoir (the upper part of pump body) and distribution outlet

# • • • • _•/



(spout). Therefore, it is not too surprising that handpump design
procedures should take into account'criteria also considered in
the design of piped water systems, .such as mapping of the served,
area, ground v/ater resources, local usage patterns, calculation
of average demands and peak flov.rs, financial status of the
executing authority and the users, etc. These are outlined
further below.

All these factors taken together' will give an indication of
the performance desired by the pump. Performance desired is
determined by two factors:

(a) V/ater per person per day needed to satisfy optimum, minimum,
or practical median v/ater requirements.

(b) Persons per pump.

These two figures can be more clearly determined by consideration
of the following°~

(a) ^̂ crî G.̂ /̂aĴ er' _use

(b) -!"-

1. Drinking water only
2. Drinking; cooking, washing utensils
3. Full dornc.'it."'.c use
4. Micro-irrigation
5. Domestic use plus small garden
6. Or other combinations

1, Availability of other wells arid/or other water sources,
2, Is well to serve 10, 50, 100, 1000 or more people?

' Type of site:--

a) Single family unit
b) Extended, family, hamlet or small village
c} Large village
d) Urban fringe area
e) Market place, bus station, boat landing, or other

highsdensity public site.
f) School, health center or other institution

3- Queue factor: V/ill people draw v/ater intermittently
throughout" the day, or v/ill there be peak demands at
sunrise, noon, sunset or other periods? If the queue
factor is significant, as it is in most traditional
societies, then the real test of how v/ell the pump
satisfies the performance criteria may well depend
upon how v/ell it can meet these periods of peak demands.

. .. •. 6/
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(c) ^_jj_

1. Will the pump be used by men, women and children alike?

2. Or will one sub-group predominate in well use? This
determines the mechanical leverage desired, and
volume of water which can be lifted per stroke.

3. How far are people willing to walk to draw water?
Sometimes people will walk a great distance to fetch
their minimal drinking water requirements, but will
tend to use more convenient surface or other traditional
water sources (if they exist) for other needs such as
bathing.

^' Heal_ch_ayare?ie_ss„ The degree to which people -will
expend" energy to obtain water from protected sources
may depend upon their awareness of the cause-effect
relationship between water and health/disease. In
the overall equation, t'nis factor is a variable, which
may be increased by educational efforts.

(d) Depth of water table and water quality may determine the
practical output ox a pump, which may be much less than
the total desired. That is, the performance of the pump
cannot be considered independently of the design and
construction of the well. A number of economic considera-
tions influence this choice also. For any given set of
ground water conditions, there is a maximum theoretical
yield, but the optimum economical yield may be considerably
lower. In well design in relation to RPTVJ programmes,
three general levels of output should bo defined;

1. Maximum possible

2. Minimum desirable

3. Maximum practical

The practical output would normally fall somewhere between
the minimum desired and the maximum possible. Generally it
is desired to provide as much water, as conveniently as
possible, within economic constraints.

Within these social and economic considerations, the well
design is normally determined by the following hydro-geological
factors:

1. Depth to water table,

2. Aquifer yield,

3. Degree of development of well, if in unconsolidated
formatio;is;.

4. Water quality may also be a factor1 in water use.

... 7/



The design considerations are as follows;

1. Diameter of filter

2. Diameter of rising pipe

Technical considerations aside, these two choices are
largely economic.

3. Filter slot size

4. Gravel packed, shrouded well or naturally developed.

These are largely technical decisions, requiring the
expertise of a ground water engineer. They will, however,
have a direct bearing on the output performance of
the pump.

5. Type, design and configuration ox the filter. This
is a rather complex interaction of technical and
economic considerations. Generally, there are various
trade— offs to be considered - largely economic - such
as first cost versus yield and/or length of service.
Water quality factors, such as encrustation by carbonates>
bacterial slimes, or corrosion, acidity, etc, may be
overriding considerations.

6. Most suitable aquifer. This is a complicated technical-
economical decision. There may be a series of aquifers
at different depths having various yields and water
quality. It is normally desired to use the shallowest
aquifer which will adequately satisfy the needs of the
programme. Yield and water quality considerations may
lead one to utilize a deeper layer.

However, this is a self limiting process, economic consi-
derations becoming overriding at a certain stated depth.
At some point it may be necessary to choose a water
quality or yield which is less than desirable, but is
the best yield or quality practical within economic
limitations.

At this point, adaptability and taste preferences of the
local people become critical. Most people are ready to
make do with less if that is all which is available.
They may also be willing to drink water of less than
ideal taste.

(e) The static water level is an important factor in pump '<.-;..•"•
and well design. But equally, if not more important, are
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the annual fluctuations of the water table and/or special
variations, i.e. the water table depth may vary considerably
from place to place within a relatively small.geographical
area. Implications of these factors on pump design have
been mentioned above (10).

How much to spend?

How much should be spent on the pump?

The amount should be related to how much has been invested in
constructing the well. In Bangladesh, the materials used in
constructing a H-" diameter tubcwell 150 deep cost about
$60 - $70. These wells are easily constructed, and are being
installed by the tens of thousands in every village and for
every two or three hundred people. The pump is presently costing
about %?.O (after the recent devaluation of the Taka). This
seems in line with the overall cost.

In other countries, water levels may be several hundred feet deep
through solid rock requiring a major capital investment and the
use of sophisticated drilling rigs to construct the well. In
such cases the veil may serve several hundred to a thousand people
or more, some of whom may come miles to draw drinking water on
which their life depends. .

In Bangladesh there are usually many alternative sources of surface
water or shallow ground water if the pur.p fails. But in many
places, the UKICEF veil may be the only source of water supply.
Such wells will be severely stressed by intensive use.

Normally such wells would be constructed in relatively fewer numbers
and it is imperative that a very high percentage of them be in
good working order at all times. In such circumstances, a
considerably higher investment is justified in the pump. The
desirability of improving the design as much as possible would
be equally great.

Possibly as a general rule of thumb for such deep well situations
the amount spent on the pump should not become a major financial
constraint significantly reducing the total number of wells. But
on the other hand, the amount spent should be sufficient so that
the pump is not out of order more than 10% of the time. If there
is no existing design which fits within this criteria, then high
priority may be given to developing an appropriate design, before
mounting a major programme to construct new wells, which will
then may be left without a satisfactory pump.

.... 9/
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a) Ultimate goal of UNICEF assistance?

If the goal is to develop a self-sustaining water programme,
local production of pumps may be a high priority.

b) Availability of local pumps : Industrial Base. Some
countries hove almost no industrial base whatsoever. In
such cases, it may not be practical to hope for a locally
produced pump. In such case, decision-making is limited
to selecting the most appropriate import model.

On the other hand, oven in countries with very little
industry, it may be possible to develop a water pumping
device fabricated out of locally available materials.
In such cases, emphasis should be given to developing
village level appropriate technology.

c) Foreign exchange position of the country.

d) Volume of demand : For a small number of pumps, it may not
be worthwhile sotting up local production.

e) Raw materials : Unavailability of raw mo.terials should not
necessarily prevent local development of a handpump industry,
provided tre necessary materials can and will be imported.
Japan for example has very fev; raw materials. Interest,
initiative and management arc more essential.

14. If local mode TJ;UTVOr>_ - _then_ what?

a) Use traditional design? Introduce brand new design?
Or1 modify traditional design? A new or improved design
may be needed ift

(1) Existing pumps are out of order more than 30% of the
time.(shallow wells); or more than 10% of the time
(deep wells).

(2) There is no design available which can give 90% trouble-
free operation within the price range appropriate for
the investment made in constructing the well.

Depending on programme priorities, it may be necessary to
begin with local varieties of pumps. Improvements can then
be introduced gradually. If at all possible, design

. development should be separated from programme implementation,
so that programmes do not become dependent on unproven
designs still in the development stage. On the other hand, .
traditional pumps originally designed for single family use
should either be replaced or reinforced as soon as possible,
to prevent the institutional:) zation of an underdesigned pump.

... 10/
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Experience has shown that successful pump design is more
often achieved by starting with an indigenous design
and then improving it, rather than by trying to introduce
a totally new design. In order to be successful, a design
should be capable if being produced locally, and operatqdc.
and maintained by the beneficiaries. Local acceptance,
both by the user and the producer seems to play a key
role in good design development.

Similarly, if redesign of an existing pumps is the order
of the day, then improvements can bo classified according
to urgency: I - urgerib-immediate; II - as soon as practical;
III - for further consideration.

"Urgent-immediate" changes are usually also simple by
nature - design aspects which can greatly impvove the
servj.ee life of the pump, but requiring little major
changes. Using larger diameter pivots is an example.
Enlarging castings for greater bearing surface or to reduce
breakage is an example of category II. Redesigned valve
systems nay be category 111.

Establishing such design priorities helps to bring greatest
returns on time invested, while c.t the same time allowing
major programmes to get off the ground. Further design
work can proceed parallel to programme execution, rather
than hold it up. Improved designs can be substituted as
they become available.

The overall design objective is SIMPLICITY - the simplest;
most economical design which will satisfy the functional
requirements of the programme.

In general nearly all aspects of pump design fall into
four general objectives. These categories can form the
basis for the analysis of almost any pump design. They are
not necessarily listed in order of priority. In fact,
it is difficult to consider anyone aspect completely
independently of the others,. There is a high degree of
interaction among them.

Does the pump provide water easily enough, adequate
to the needs?

Is the design sufficiently robust to provide relatively
continuous operation, presuming a basic routine
maintenance service-?

11/
« • • • * I /
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There .is an economic trade off here between first; cost
and overall service life. In situations where govern-
ment maintenance systems are weak, and/or the local
capacity to maintain and repair pumps is marginal,
the long term objectives of the project will probably
be better served, by increasing first cost, to provide
o. more robust design which will minimize the maintenance
problem over the years.

The performance of a pump from the maintenance point
of view may depend significantly on the habits of
the people. For example, if they are in the habit of
lubricating mechanical equipment, the pump parts may
last considerably longer than places where no lubri-
cation is given. Also a conscientious caretaker who
really looks after the pump, detering vandalism,
arranging r^lntenarco.. etc. will help to improve the
service of the pump.

Is the COG I appro or j.ivto to the amount of money invested
in the ve'J.J s.nc! the clogree to v.'hich people depend on
it for their welfare1:'

Can the pump be produced locally., relatively fast,
easily and economically?

Specifically, a pump should be de.signed. as follows:

(1) Reduce maintenance breakdowns to manageable frequency,
so that maintenance system can keep pump in nearly
continuous operation. Spare parts should be few in
number, simple, easily replaceable.

(2.) Design should be simple, economical, locally reproducable,

(3) Ease of lifting water may be a key objective.

(4) Minimize expensive, or imported materials.

(5) Discharge appropriate for needs in relation to water
re s our c e s ava ilab1e.

1?7
* 9 C 'l-l
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°) '^P^iiAT' .riesign impr o v enien ts (mainly for shallow wells)

(1) Increased bearing surfaces (wider, bigger diameter).
One practical tip is that in village use, nearly all
parts move. A drawing nay specify some parts as
fixed and others as moving, but.usually they all
begin to shake loose sooner or later. Therefore, all
parts of the design should be reinforced as much as
economically practical. Field observations of purnps
under very heavy use will reveal the most critical
stress points requiring maximum reinforcement.

(2) Smoother bearing surfaces (round pins, instead of
threaded bolts).

(3) Harder bearing surfaces .(heat treatment).

(4) Lubricated bearing surfaces.

(5) Reduced number of parts.

(6) Standardized si.?.e fasteners.

(?) Stronger structur,-1 design to resist breakage.

(8) Reduced weight where possible

(9) Use of most appropriate materials.

The design improvements needed may deoend greatly upon
whether a r.hr.llow or deep well pur.ro .is being used.
Experience h.;s f.hown that a sh'/llow well pump can be made
quite satisfactory by reinforcing bearing surfaces and
other 'bo.sic, common sense improvements of traditional
models. However, in deep set well pump installations
especially where the water table is particularly deep
(say 100 feet or more), simply strengthening the traditional
models may not be sufficient to prevent excessive breakdowns
caused by the severe stresses on bearing points. For these
situations more innovative approaches may be necessary to
find a solution. (UNICEF New Delhi has done just this).

Also design objectives may be different if designing for
micro-irrigation. Each person may use a public pump as little
as five minutes a day. The objective is to have a pump
producing 5-10 gallons per minute and. which will need
parts replaced less than once a year. The situation for
a hand operated irrigation pump is quite different. One
or two people may operate a pump continuously for 8-12 hours
a day.

Therefore greater outputs will be required. Ease of pumping
and noch\nioal•leverage will be critical. .Replacement of
parts v.'i.'il be less of a problem because the pump is owned
and maintained by the farmer.

13/
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Beware; Beware of new ideas advocated by "experts", but
""" which have not been thoroughly tested under actual

field conditions. Field tests almost always
result in rougher, more excessive wear patterns
than laboratory tests. It has been learned that
there is generally no easy instant solution for
handpump problems.

)̂

(1) Design criteria

(2) Sketch designs

(3) Sample prototypes

(4) Production models

i (3) Analysis of production techniques

(6) Field test

(o.) accelerated, testing in high density use areas,,

(b) nor-i:;'jl testing in typical village site.

(7) Analysis of wear patterns.

(8) liod if led-improved design

(9) Production drawings

(10) Tolerances

(11) Raw materials specifications

^^ (12) Inspection guidelines. Quality control criteria.

(13) Tender documents

(14) Contract documents

e) Type of production

(1) Cast iron

(2) Fabricated from steel pipe, standard fittings, etc.

(3) Constructed at site

This decision will depend upon the type of industry in the
•towns, the raw materials available, and the skill of craftsmen
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at village level. A cast iron or pro-fabricated pump
requires little engineering at the installation sight.
Water pumping devices assembled or constructed, in tho
village are able to utilize local skills and materials thu
economizing on materials. The resulting unit is usually
locally understood and maintainable.

•f) Multipurpose _unit versus _single dj3sĵ £n_ojrl:.ions

It may be necessary to begin a programme with a single
multipurpose design pump which will serve a variety of
purposes, oven if not particularly well. As the programme
gains momentum, routine operational problems become reduced;
R & D capacities expanded, it may become possible to branch
out into several design options - each one appropriate
for a single use. For example one pump may be designed
specifically for single family use, another for snail
hamlets of soy 50-100 people, and another more robust
model for 100-200 people or' more.

Also special purpose pumps, such as for micro-irrigation,
can be designed as the need arises. Here again there is
scope for variety. The aim may be to water a small vegetable
garden p'! ot '.."ith the household pumps, or micro-irrigate
a small fi^jo crop of wheat, potatoes, sorghum,, etc. vith
a special p;;~.p dosigr^c for that purpose.

15. IjnpjDTted pumps

a) OLOA v.p.y be helpful. But there are other puinps under1

development 'v:j.ch are not yet i:o. OLOA, particularly shallov:
veil pu?'JO Ir: :-:.'vrLgl-ide,':-"i and Deep V.

:ell Pumps in India
which may ":;e more- suitable, HO ;.;ay be able to give f/lvice
on the most appropriate mode].. Martin r;eyor and Hans Lobje
should be the best sources of information.

b) If local production is the ultimate project goal and import
is a temporary expedient, then a simple design such as is
being produced in a nearby developing country may be the
most suitable design to begin developing local capacity.

16. Handpump^_re_search and ̂ develoffnent _wo_rk : Who. ishould do it?

a) International Consultants. Tend to be expensive, and take
a long time getting from the drawing board to prototype.
Difficulties in communicating complex technical questions
over long distances. May develop solutions which are

UNICEF GUIJX Li::>I (OSll-fv'-i-OO yio.y '1973. iJMICEF iiQ5 M)

... 15/
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neither technically, socially or economically appropriate.
(But usually do have highly qualified engineers. Good
for initial studies).

b) Government Agencies. Ideal to involve government in
developing its own pumps. But often there, is insufficient
motivation or technical skill.

c) Local Industry. Usually has technical skill, but lacks
initiative in developing improved, better-cheaper technology.
Existing technology tends to become institutionalized, even
though it may be more expensive, Inefficient or both.

d) Beneficiary. For drinking water pumps, technical skills,
motivation and resources are not usually available at
village level. However, farmers in a famine situation often
develop an uncommon ingenuity for developing appropriate
means of getting water to the land.

e) UN Specialised Agencies. Do not normally purchase la.rgis
quantities of final design units, and may have difficulty
getting their ideas into production,

!
I f) UNICEF Office, Normally does not have technical staff to
I initiate technical innovations and follow through into
i production.

g) OPTIMUM combination for success •-- purchaser + designer ->•
manufacturer -;- beneficiary. That is, successful designs
develop through continuous interaction "between the agency
responsible for purchasing the .improved design, the designer,
the manufacturer, and user of the pump in the field. Tt
is sometimes rnojst effective if the designer and purchaser
are one in the same.

Another formula for SUCCESS =-. 9O/0 perspiration and 10%

•
inspiration. There does not seem to be any substitute
for people. People willing to work closely with local
manufacturers, make frequent visits to field sites, back
to the drawing board, back to the workshops, back to the
field, etc., etc., repeated enough times until an appropriate
design is evolved. There is no easy solution to long range
development.

Another way of saying this is that nothing happens automa-
tically. An idea needs to be pushed and proded, revised
and pushed again every step of the way until it actually
reaches the field and produces results.

1 r 1to/
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17. J2?
A• Dimonsions
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1. Cylinder size. Along with stroke length, determines
the volume of water per stroke. The volume determines
the weight of water lifted per stroke. 2-|-", 3" and
3isJI are common pump cylinder diameters.

A rather small increase in cylinder diameter may give
a relatively large increase in discharge, since discharge
per stroke depends on the cross-sectional area, which
increases as the square of the radius„

Combinations of diameters and stroke lengths are listed
below. These discharges are not theoretical, but are
general performance levels from existing designs
operating under field conditions"

Stroke Typical Pump

/|.n_5i' 4 - 5 gpm Pak. G.I.

4l;-i3;? . 4 - 6 '•' B'desh No A

6"-7" 6-10 " B'dosh No.6

/stroke length
2. Stroke length, A lonr ;•.;«/gives a greater discharge per

stroke for a given cylinder diameter, A given unit of
discharge P.ay be achieved by either a fewer number ;• of
longer strokes, or a greater number of shorter strokes.
From the operational point of view, the optimum
configuration will have much to do with the size,
strength and work habits of the users. From the
maintenance point of view, it is thought that a smoother
pumping action results in less wear on the moving parts.

3. Discharge. A combination of cylinder diameter, stroke
length, number of strokes per minute, and number of
cylinders.

Note:_ The discharge of the pump can not be considered
apart from the design characteristics of the
well. These factors include:-

a) Diameter of filter and rising pipe
b) Slot size and open area of filter
c) Transmissibility of aquifer
d) Development of aquifer
e) Depth to water level
f) Fluctuations of sto.tic water level

17/
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4. Handle length. Determines the mechanical advantage,
which, alongwith cylinder dia., and depth to water
table, determines how hard it is to work the pump.
Generally, the longer the better. The configuration
of the handle also seems to be important in the overall
use of the pump.

5. Overall size. Depends upon the size of the people
using the pump, and the type of installation.

6. Thickness of bearing surfaces. 1fjl! usually recommended
as total breadth of C.I. bearing surfaces around pivot
points.

7. Diameter of pivot pins. -j}w - J".

B

1. Cast iron

2. Plastics

3. Mild steel

4. Brass - Bronze

5. Wood )

These all relate to the
particular local economy/
technology, and the particular
engineering function v/hich
each is to perform.

C. As s_emb1_y

1. Foundry )
)

2. Workshop )
)

3. At site construction )

Depends upon local technology,
both in towns and at village
level.

D. Security

1. "You can't pump the pump because the vandal took the
handle"."- Security problems vary from place to place,
but are likely to be increased in exposed public places
where there is no responsible caretaker. Lock and key
arrangements can be devised locally.

2. Stones, pebbles, etc. There seems to be a human impulse
to drop pebbles, etc. down a tube sticking up out of
the ground. A wire mesh barrier placed in the pump
cylinder, or sheet metal cowling over the top may be
solutions. This problem is more critical for deep
set well pumps where the cylinder mechanism is down
the hole.

-;f Song by R. Dylan 18/
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iderations in site select!on

a) Maximizing the number of beneficiaries

b) Responsible caretaker

c) Suitable drainage arrangement

d) Ground not too high to go beyond suction lift (for shallow
pump s).

e) Site not too low to become flooded.

f) Far enough away from sources of pollution.

g) Maximizing possibilities of good ground water. (salt or
iron concentrations may be localized).

a) A good concrete foundation and surrounding platform helps
maintain a sonitary seal and healthy conditions around the
pump, thereby increasing well use.

b) Details of design depend on local use patterns, available
materials and skills..

20. !tointerpnco options

a) By caretaker* Hay be possible depending on skills, tools,
spares available in village.

b) By local or union boards: Hay be able to manage finances
and coordinations but may have difficulty arranging spares

c) Centralized agency.

- Advantages : Bulk purchase of spares

- Disadvantages : Cumbersome, inefficient administration,
financial burden on government.

Continued development

No design represents the "final" solution. The conscientious
designer will restlessly be agitated by the questions.

Can v/e do it better ?

Can we do it cheaper ?

19/
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Nearly always the answer is, "yes". Improved, solutions are
developed the same way as original designs : continuous
interaction between designer - user - producer, as well as
a restless look out on the horizon for better/cheaper
materials, techniques, designs.

a) One supplier or many?

b) Centralized production or regional dispersion?

This of course depends on the quantities needed by the programme
against any one supplier's capacity to produce then. Dealing
with one supplier nay be preferable at the beginning since
supervision and supply of raw material! s and subcomponents is
simpler. However having several producers improves UNICEF's
bargaining position for price, frees programme of dependence
on one source of supply, and helps to institutionalize the
design. Possibly;, production could start v/ith a single supplier,
centrally located and grow to .include regional points as the
demands of the programme and UNICEF'o capacity to manage
contracts increase.

RP/psb
26.5.76
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HAND PUIJP MAINTENANCE AND TJIE OBJECTIVE 0?

by ARNOLD PACEY

PART OHE: ana lys i s

1• The size of the problem

I'lany governments, with the assistance of official agencies, and some
voluntary agencies, have tackled, the water supply problems of ruî al corinunities
in the Third World by drilling tubewells and boreholes, either to provide a
new vrater supply where other sources were inadequate (as in the Maharashtra
drought area), or to tap clean vrater at a depth in circumstances where more
accessible sources nearer the wurface are polluted, or at least suspect (as
often in Bangladesh). The size of some of these programmers is vast:

Phi l ipp ines , 1970 :

Bangladesh, 1 9?6 :

India , 1974 :

19,000 drinking vrater -.jells completed,
56,000 planned. (USAID)
3,2o,aoo p ^

150,000 drinking vrater veils completed,
(UiJICSP assistance).

Although the agencies naraed have been mainly responsible for assisting
governments with these progrannes, funds have come froa many sources, and it
should not be assumed that UNICES and USAID have carried the vrhole financial load.

Inevitably, Oxfac's contribution looks nodest by these standards.
Drilling rigs provided by Oxfain have possibly sun:-: up to 10,000 drinking water
wells plus many irrigation wells in India during the ten years since 1966, often
with state governments paying the running costs through drilling contracts.
And because of the complicated arrangements which exist between agencies, sone
of these 10,000 wells raay be included in the U1TIC2P total, which in any case
should be regarded as very approximate.

In Africa,' Oxfan1s largest well and pimp project has been in Tanzania,
with the Co:nnunity Development Trust Fund ('TAIT 6). By the end of 1974,
675 hand-dug well had been completed.

Despite this apparently impressive record of work completed or in hand,
many of these •'.."• wells are useless in practice, because the pumps used to draw
water have broken down and have not been repaired or replaced. The
New Internationalist in February 1975 claimed that up to 90,000 wells in
in India are idle, basing this on a UIuCEP statement that 60>̂  of pusps at
their wells are not working. In fact, this may be a conservative estimate,
since elsewhere, U1IIGE? has said that only 20>̂  of some thousands of
hand pumps ars working efficiently.

Ozfaia experience in India has been similar. In one part of south. India,
when 61 drinki.ng vrater bores were inspected (TIT 3)> 20 were found with, punrps in
working order, 23 had pump breakdowns which were relatively simply repaired,
and 18 pumps were beyond repair with the wells effectively abandoned.
At another project (TN 12), when 44- pumps were inspected three years after
their initial installation, 17 were still functioning.



In contrast to these problems with jjloer) weJLl. p'raps in India, iffilCBF
has achieved a far more impressive result in ib/agladeshc A survey of
2,400 villages made in 1975 showed that 85fj of \;ell were operative, i.o.
only 17/J were out of action "because of pump breakdowns or otherwisee Although
these are tubewells, often drilled to a considerable depth to secure a clean
supply, water tables are generally near the surface and low-lift, shallow
well punps are used. 1t seems probable that in Bangladesh, people value their
pumps more highly tlian in some other countries - this is indicated by the
number of private individuals v;ho have invested in a private pump in their
ovrn household. Also, the govememont has organised an effective maintenance
service, and JJKICE1'1 lias provided this service vrith a free supply of spare parts.
It is also true that maintenance of shallow well pumps presents fewer problems
than do -> deep well pumps because the parts requiring attention are much more
accessible. This paper is therefore concerned primarily with deep well pumps,
where the most intractable prob lems are encountered, though much of what
is said will be applicable to shallow well •punP3 also* '

roaches to the, problem.

The conventional way of looking at this problem is to assume that what
we need is a new design of hand pump, which will be more robust and reliable
than the ones which break dovzn on such a spectacular scale. Several organisation::
have therefore put a lot of effort into the re-design of conventional pumps,
notably the APAIJH agencies in Maharashtra (ilAH A, i-IAII 51; r 'the Battelle Memorial
Institute (commissioned by USA ID and later by UITICB?), ui-IKE? and \THO. The
aim of most of this work has been to produce a pump which will work with
minimus maintenance in the harsh conditions of Africa and India, where heat,
dust, poor lubrication and poor materials inevitably add to the problem.

There have undoubtedly been benefits from this work, but one must beg
leave to doubt whether the key problems have yet been faced or tackled. It is
one of the great illusions in the appropriate technology movement that seemingly
technological problems can be solved purely by attention to hardware. In this
instance, the problem has at least four or five dimensions:

1. the communities using the wells and pumps.
2. the agencies administering well programmes.
5. the objectives for which the wells were provided,
4. the type of pump used.
5. the environment - climate and hydrology.

5. The communities using the wells

One comes across some very depressing statements about the communities
using wells. Ve are told that there is "a lack of community spirit towards
water supplies, even to the extent of vandalism". Some villagers are said to sho-.-
"little concern for putting the pumps in order - they will not even oil the
moving parts". And it is observed that privately-owned pumps which are used only
by the owner's family are usually well maintained, even in villages where the
public pump is neglected. So it is very obvious that the problem of getting
communities to work together and take collective responsibility for their wells
is not being effectively tackled.

In some villages, when the pump breaks down, the people may renove it
from the well. In Tanzania, this happens because the people can then let
buckets down into the wide hand-dug wells. In India, where a pimp has broken
at a borehole, it has been kno'.m for the people to hand-dig a new well alongside
it, so that they can get at the water without being dependent on the pump.



On the other hand, .gome villages do take great pains to take cart- of their
pump. In one south Indian village v/teere a wire cable transmission system on
the pump was a constant source of trouble, they very ingeniously replaced it

a length of bicycle chain.

If one village can do Jchiss why not others? The answers seem to
fall into two categories:

1. the well and the pump may not he providing an adequate service through
being too far from the village; through being on Hindu upper caste land in
India when intended for Karijan people; or because v.'ater is insufficient in
quantity (i«e. there is excessive drav.'-down in the well), or because it is
brackish in taste. These subjects are often not investigated sufficiently
before the panrps are installed, and the'views of villagers are often not sought,,

2, the people may not feel that the pump is theirs5 because of their lack
of involvement in its installation, end. becav.se no specific responsibilities for
its maintenance have been defined, TLie IÎ lJl!.n;î .rn_ajŷ n̂ j!._is_t (3?ebruary 1975)
commented: "The villager often does not know hov; the drilling rig and pump work,
where they have come from, why they have cone to this pe:;.eticular village, what
advantages they offer. He has not contributed anything in the planning, money,
labour or time." Therefore he feels that the well and. its pump do not belong-
to the village; he does not feel responsible for them, and he is perhaps !•
uncertain vAiether he should try and tinker with the pump if it goes wrong. '. j

i..

The latter statement is certainly unfair to most projects, "but it is ;
equally certainly true in part for many projects - it is a caricature one y
ought to take to heart.

4. The arcencies aflnir.isterir.?-' well pro.iects

One reason why agencies have been slow to recofnise the difficulties
mentioned in- the previous paragraph has been that construction and maintenance
of v/ells have been thought of as quite separate operations, to be carried out
by different agencies <> Construction is often in the hands of a specialised
vjell-drilling team, sometimes run by a voluntary agency, sonetines by a government.
But completed v/ells are usually handed over to a local authority for maintenance
(e.g. in India, to a Panchyat Union), This division of responsibility means
that well drillers can remain blissfully unaware o£ the ways in which the
construction phase of the work can permanently influence villager's attitudes
to the completed well with its pump.

This situation arises because the agencies which drill wells have had
to put great effort into sunning sophisticated drilling machines in difficu.lt
conditions, and this has often had to be done as part of a crash programme
during drought conditions„ It is very understandable, then, that community
development, follow-up and maintenance planning have all been neglected.
Nor has there always been sufficient check on incorrect or incompetent
installation of pumps.

1. The local authorities who take over responsibility for pump maintenance
:] are sometimes conscientious, but more often fall down on the job* It often takes

•i



Ihree months before an effort is made to repair a broken pump. Private
mechanics sometimes take advantage of the delay to repair pumps for
exorbitant chargeso The particular v/ays in which local authorities are
most deficient in their organisation of pump maintenance are apparently
as follows:

1. The ides, of maintenance as a mean'' of preventing breakdowns i.s lacking.
Administrators confuse maintenance with repair.

2. Records of how often each pump is visited by a technician and what is
done to it each time are rarely kept, so there is little chance that maintenance
will be regular or that faulty pumps which need replacing will'be .identified.

3. Officials are so desk-bound that they are isolated from practical
problems. It makes all the difference if i\ local official's family is actually
dependent on one of the pumps for its water,,

4. Officials are moved from post to post too often.

5. Punnps are not standardised and it is difficult to keep adequate stocks
of spare parts for all the types used.

6. Skilled manpower is -short and transport costs for technicians
visiting pumps are high.

5« The objectives of well P'-'oj.ects

It is evident that the use of drilling rigs has been a factor in
limiting the participation of local people in well projects, and in distracting
agencies away from longer term problems. But of course, drilling rigs offer
vita.1 advantages in terms of speed of working and the depth to which wells can
be sunk -and they can, if the effort is made, be fitted into cocru;panity
development programmes.

If, to keep people alive in a drought situation, it is necessary for a
water supply to be created as rapidly as possible, then one is justified in
taking short cuts which neglect long-term considerations0 But one must
be clear that such wells are a form of humanitarian or emergency relief - they
are to be classified as "welfare" and not "development", and one must not be
surprised if few long-term benefits emerge.

A great many well and pump projects would have been more successful
if those responsible for planning them had faced up to this distinction between
welfare and development, and having clarified which was their objective, had
designed the project with that end consistently in view. If a well is supposed
to help stimulate development, then the dialling equipment must be subservient
to a community development progi\-y.une in which villagers first decide whether
they want the well; then, where among geologically feasible sites it should
be located; what they should contribute in cash or labour for site clearance;
and finally, who among them will take care of the completed installation.

^° The type of pump used

The choice of a pump for a well or borehole itself depends on whether
the objective of the project is welfare or development, as will be shown below.



However, an even more basic consideration is to avoid pumvs which are
obviously defective in design or construct ion «> J/iany of the problems vMch
have arisen with well projects in South Asian countries are due to the very
poor cpality of some of the pumps manufactured there In India especially,
reputable manufacturers do exist, whose products can be relied on, notably
KirloBkar Brothers Ltd,. Water Supply Specialists of Bombay and Gujarat
Small Industriesc But many pumps in South Asia suffer from some or all
of 'the following defects:

(a) poor quality cast iron (very widespread, often due to high
phosphorus content)»

( roughly finished cylinders; cylinder bore uneven.
(c) use of cast iron for cylinders instead of brass; (brass is more

expensive, but can be given a much better finish; to use
cast iron is a false economy)o

(d) no protection from, rust- parts often badly corroded before the
pumps are even installed.

,• (e) excessive wear on leather washers because of (b) , (c) and (d).
(f) poor screw threads; nuts and bolts will not stay together.

\ (e) roughly drilled, pivot holes.
(h) no provision for lubrication,,

.: On top of all these difficulties, the sixe of pump components is not
standardised to a sufficient degree of accuracy, so when ?, punp needs a spare

.-• part, there is no guarantee that the new part will fit - indeed, nuts and
1 bolts sometimes arrive with incompatible threads.

j Pumps with these defects frequently break down within two or three
| weeks of installation. They may then be almost impossible to repair, or they
! may demand attention so often that even highly motivated villagers or
1 maintenance organisations become discouraged.

Obviously, one form of appropriate technology development which is
;^fc \iroently needed is a programme which would upgrade the quality of work done
•: ̂ ^ by these small manufacturers. There is an obvious need for better foundry
<! practice, and also for training in better machine shop practice, including
") the use of jigs and fixtures which will make it possible to produce
•| interchangeable parts. As it is, the trend is for the major drilling agencies
,| to manufacture their own pumps, and their custom is therefore lost to the
:j existing local industryo
•J ' .

.;j 7« Kydrological considerations

-.'•f The hand-pump problem has become widespread and notorious partly
J because so many rural drinking water schem.es depend on wells or boreholes,
| even when alternative forms of water supply are possible. Again one needs
-.1 to be clear on the welfare/development issue. Where long-term development
| is intended, the solution of water supply problems will often require the
j conservation and use of surface water resources - in all area.s, even in
j semi-deserts without permanent streams, there is so:r.e surface water r.t some
i seasons of the year. But to create a good drinking water ougjv.y from such
•'; sources is often a more time-consuming and difficult matter than the routine
I sinking of a well, so the latter course may be best for an emergency or
:j welfare project - even when over-exploitation of groundwater and lack of



conservation measures give the well a predictably short life.

On the more immediately practical level, a well and its pump is
sometimes neglected because it is sited at the point where hydrologists think
the likelihood of finding water is best - and this sometimes a very inconvenient
site for the villagers„ Kydrologisis are so often wrong in areas where
geological surveys are incomplete that their views should not be given so
much importanceo Wells should be sited as near as possible to where villagers
want them, Yiells for Harijau people should always be on Kara.jan lando

A final point related to hydrology is that people will inevitably and
qxi.ite logically neglect pumps if the wells they draw from are unsatisfactory,
either because the water tastes bad, or because there is not enough water.
Bores which see;:1, unpromising from either point of view should be capped, with
no puKlp installed. In particular, the sufficiency of supply should be checked
by means of a pumping test. A hand-pump? not a motor.ised pump, should be
used for this, because if sufficient water is available, but only with large
draw-down, hand-pump performance may fall off so much that villagers give
up using it. Tests with a rnotorised pump could disguise this entirely.
Part of the pumping test should be a check on hand-pump performance at various
draw-dovm levels. This should help in deciding the best depth for the pump
cylinder in the final installation,

PAIIT TWO: strategies

8. Three packages

Because most western-trained engineers have been taught to think of
technology as being exclusively to do with hardware and other material
practicalities, and have not been trained to deal v/ith its human and social
component, their response to stories about pump breakdowns in India is usually
to start thinking of re-designing or modifying the pumps. Because so many
very bad pumps are in use, quite a lot can be achieved this way.

j But the re-design of pumps can only go part of the way towards a solution,
•' because, as we have seen, so much else in the realm of social and administrative
\ structures contributes to the failure of so many hand pumps» It is possible
| to relate this wide range of factors which lead to hand-pump failures by
j studying them as a systems problem, in which the pump hardware is only one
•| component in the total system. Other components are the organisations v/hich
! construct and maintain wells, the people who use wells, and the communities
I _ to which they belongo It is, of course, true that all applications of technology
\ involve people, and therefore involve systems which have social components, and
[ - it is common experience in Oxfam projects to. find that the scciaJL c_orn-oonents_
,; jof technological systems are more significant, or more difficult to understand,
;| than the hardware components.

•i
:j Because the hand-pump problem was seen as not just a matter of the pump,

but also of the system to which the pump belongs, the problem was discussed
with the Systems Eepartmont of Lancaster University, two members of which
visited Oxfara House during the susier of 1975» Systems theory has not often
been explicitly applied in the field of rural development, but rural development



workers do have in their own jargon a number of vvords which imply systems
concepts. One of these is the word "package", and it may bo more acceptable
in the present context to use that* So instead of saying that we wish to
investigate systems which will achieve the satisfactory functioning of village
wells and pumps, we can equally and alternatively say that we wish to look
at various.packages of measures which will improve the performance of
well/pump projectso

The remainder of this report will examine three possible "systems"
or "packages" which offer different solutions to the problem of chronic pump
"breakdowns,, The three packages are distinguished from one another mainly
by different degrees of involvement of local people and communities, and are
as follows:

(a) Total village self-reliance in the manufacture and
maintenance of pumps.

(b) Community development linked to partial village self-reliance
using pumps made by factory methods, but with a baok-v.p
service for spare parts, technicians, etc.

(c) Systems involving little or no village-level responsibility,
including some welfare projects where the over-riding
priority is to provide a reliable water supply quickly.

9• Package for Total Village Self-reliance

Some people have argued, that if a pump could be designed capable of
being made by a village craftsman using simple tools and local materials,
then the maker of the pump would always be on hand to repair it when necessary
and the village would be entirely self-sufficient in its pump re

j Tliis argument has considerable validity for low-lift pumps, and particul;
•L_ for irrigation pumps, because in many parts of India, China end S.3. Asia,
4 ^ there are traditional designs for such pumps which have been built by village
':} craftsmen from time immemorial. Persian wheels in India and the dragon spine
:,j pumps in countless Chinese rice-fields are obvious exemplcs. Many people
••'j hove attempted to extend this approach by using widely-available but modern
1 materials such as PVC piping, and among those who have attempted to develop
:;!| deep well pumps which could be made in villages are members of the VITA
•;•! organisation and the World Council of Churches „ One such pump has been
•\ successfully built in Ethiopia by Oxfam's Duncan Allsebrook (̂ TH 11).
.] But while such pumps operate successfully in the hands of their inventors,
,] . there have been very few instances of such designs fe accepted into the
•'j general use and practice of village craftsmen.

.-.'• One reason for this is that operating conditions for borehole pumps
i in wells deeper than about 20 metres are too demanding for the regular use
-j of pumps made mainly from wood and plastic with additional parts variously
•j improvised from metal pipe, scrap bicycles, reinforcing rods and so on.
-' High water pressures make lee,1-- valves less acceptable than in low-lift
) pumps. f o r c e s on pump rods and handle pivots are greater; and roach of the
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pump is too inaccessible within the borehole for regular tinkering and
adjustment. Anybody, with a deep v/ell (though obviously not a borehole)
who cannot afford or cannot maintain a pump is generally better advised to
resort to a bucket on a rope, with a .simple windlass for raising or lowering,
rather than tackle these problems& All possible precautions should be taken,
though, to prevent the-bucket f:eom transferring polluting material from the
ground surface to the water in the well - eog., the bucket should not be
placed on the ground, nor carried from the well to people's homes.

A second reason why pumps capable of being constructed, v/ithin villages
have not caught on is that most of the designs proposed have more in common
with the Western do-it-yourself approach than with the style of work done
by real village craftsmeno There is a gap between, cultures in concept and
in detail - eogo in the use of screws, the way joints are made, and so on.

Except for certain low-lift pumps which can be successfully made in
I the village, one must therefore think of pump manufacture in terms of
i adequately equipped workshops capable of turning out pjrnps built of durable
j materials (usually metal), with the high standards of finish (e.g. machining
; . of cylinders) required for reliable operation, Workshops with this capability

can be S'd?Q/?£2£l. on a relatively snail scale, but rank as small industries
rather than localised village industries, often serving counties, districts

; or whole states. The problem of pump maintenance is therefore a problem
.•; about manufacturing pumps made by factory methods and to factory standards.

The local production of pumps may vary from the work of a general
workshop making agricultural implements which occasionally turns out a pump,
to small but specialised workshops capable of turning out 200 or more pui:;ps

.: per year. The latter are likely to be lucre effective in the long run than the
! former, but a good example of a genera.! workshop turning cut pumps occasionally
, is to be found at the Family Farms project in Zambia (ZAK 17). Several of
i the more specialist type of workshop are to be found in India (l.X-I 31, TN 3),

and c.s an example of what equipment is reciuired for pump manufacture on this
scale, it is worth quoting the workshop at Jalna {iJAi 4)o In 1970, this
employed nine men to make 2G0 pumps. The major items of equipment used
v/ere as follows:

3 lathes
. • 2 arc welding units

' 1 gas cutting and welding set
2 drills
small-scale foundry and. moulding equipment»

V/ith pumps of more traditional design, welding facilities would not be
needed, but a larger and more complete foundry would be required.

10. Package for partial self-reliance with factory-made pumps

The simpler types of borehole pump can be fairly easily maintained by
people with relatively few skills, so the possibility arises of villages being
substantially self-reliant with respect to the mainienace of their pu:.ipso

Pumps of" this kind all reouire regular attention, particularly with
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regard to greasing or o.i ling moving, parts and countering dirt and rust.
So any package which includes such pumps must also include a considerable
community development effort aimed at impressing upon the villagers the need
for regular pamp maintenance, establishing responsibilities for this v.'ork,
and giving sons training in care of the well and its pump. If adequately
carried out, such a pro grange would stimulate more frequent oiling-, deeming
and adjustment of other mechanical eciuipment in the village - implements,
ox-carts, mills or bicycles„ Although regular basic maintenance can be
carried out by villagor-s In this way, the "package" must also include some
form of back-up service which would supply spare parts and make technicians
available for a regular inspection of all pumps in the area.

Deep well pumps suitable for prorrajiunes of this kind include the
Cra.elius pump na.de in Kenya; the Yfesp, Kirti end Kaveri pumps made in India,
and the Dempster model 23'? made in the United States (see illustration).

The three Indian pu.p.ps have all made their appearance on Oxfara projects
in the sub-contintent, and Craelius pumps have been used, under Oxfa.m auspices
in several .':fest Africa?! countries« Dempster and Craelius pumps have both been
widely used in Africa, by u'J':ICL;'iil, and the Swiss Association for Technical
Assistance (3ATA) have also used the Dempster in their well-known water projects
in Cainerour. - though Cxfain bought Godwin, pumps fo.r one small well project
there which SA?A helped with (CAI.I 12).

The Craelius is the most distinctive of these pumps; it has an arrangement
of pipes sliding over each other to carry out the ssjne function as the rather
complex guide rods on the Wasp, and on the almost identical Kirti. The Craelius
system offers some advantages in terras of simplified maintenance, and. Cralius
pumps have a long record of reliable servj.ee in East Africa. Unfortunately,
though, they are two or three times as expensive as the Dempster. The relative
simplicity of the L-emp:;ter (and the vcrry sitr..ils.r Kaveri) as compared vith the
other pumps is due to its lack of guide rods above the top end. Experiments
have shown that these guide rods offer an advantage mainly in very d-">e? wells
where better control of the pump rods leads to reduced wear on all bearing
surfaces, r.r:c; particularly on the leather washers. The ruide rod system on
the Wasp is also adjustable so that the leverage can be set for pumping water
from greater depths without excessive effort.

So although the Wasp and.Craelius pumps have advantages for deep wells,
for most projects, where water has to be raised 20 metres or less, punips of
the Dempster/Kaveri type are an adequate and economical choice„ In research,
commissioned by USA1D, the Battelle f.Ie;nox*ial Institute designed an improved
version of this type, which is easier to maintain by virtue of havin,~ fewer
components and needing fewer tools for mair'.tenjmce. It is also less vulnerable
to damage, being of heavier and more ragged construction, and having more
protection against rust. But so far as is known, this design is not yet
in regular production anywhere.

The pumps described in this section may be regarded as almost the
norm for Oxfam projects, so it is important that the social component of this
level of technology be fully understood. Appropriate forms of participation
by the local community and suitable technical back-up arrangements are
discussed a.t length in section 13 below.
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1 "j „ Packages involving little or no village-level resPossibility

Several decader. ago, certain pumps were designed in Britain for use
in "the Colonies" and in regions where normal maintenance could not be
guaranteed. Almost all of these were heavily built .machines in which a
handle attached to a large fly-wheel had to be turned :ui order to work the
pumpc This fly-who;el drove a normal pump mechanism by means of a small

crank shaft. The great advantage of this design was
that all bearings and other mechanical parts could be
totally enclosed, protected from dirt and other
interference, and self-lubricating bearings could be
arrangedo The wheel and crank-shaft also controlled the
length of the stroke, thereby averting another cause of
failure in conventional lever-arm pumps, where considerable
damage often arise!:; fro:>- people working the punp with
excessively long strokes and banging the handle against
the stopso Such pumps have successfully worked for
long periods without maintenance „ L-iany are still in
\ise, though fevr a.re now being installed because of
their high initial cost.

A more modern type of pamp which can also operate
for long periods without maintenance is the hand-driven
Monolift pun;pc This works on a different principle from
all the pumps discussed so far; it has a helical or
screv'-type metal rotor turning inside a fi::ed sleeve.
The internal shape of the sleeve is a,lso holico.1, but
with half as rrany windings in a given length as the rotor.
Gearing from the crank handles at the well head to a
vertical shaft inside the wall which turns the rotor
can be very simple, and is again totally enclosed and
s eIf-lubri cat ing,

Like the fly-wheel drive pump, the Mono pump
is relatively very expensiveo However, in Malawi,
where both types are used on government boreholes, it
is felt that the very low maintenance costs of the Mono,
in particular, fully jtistify its high capital costo

UNICES' is also using hand-driven Mono pomps in parts of Africa, e\go
in Sudan, in conjunction with Oxfaja (SUD 12) „ However, the most widespread
use of these pjmps has been in Nigeria, where over 1200 are now installed.
The Rivers State has issued a special booklet about the pump for villagers <,
The accompanying diagram from the booklet shows the two crank handles at the
head of the pump, and also illustrates that even a pump which is nearly
maintenance-free does impose some responsibilities on the local co:.inunity.
The Rivers State authorities tested other pumps but found that without
exception, the r.'onolift hand-pump was the only unit v/hich stood up to the
arduous duties called for in remote villages where little maintenance ?/as
possibleo Similarly, U^ICS1' believes that the Mono pun;p is the enly type
which could stand up to Indian village conditions.
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It is difficult to quote precise costs for fly-wheel drive and Hono pumps,
•; not only because the-re is considerable variation from one country to another in

the present inflationary climate, but also because the cost of the pump cater
', installation depends so much on the depth of the well and the remoteness of its

location. However, it was earlier said that the Craeliuw pump was tvro or throe
times as expensive an the simplest type of deep-well hand-pump,, V/e can now

1 add that the cheapest fly-wheel drive pumps cost about twice as much as Craelius
\ pumps after .installation, and Mono pumps are somewhat more expensive stillo
• So the two types which circumvent so many of the maintenance problems may cost

six or eight or oven ten times, as much as the simplest pumps available to do
: the job.
i
| In India, neither of those rather costly pumps has been much U S M U

Instead, efforts to create a pump with similar low maintenance needr? h,-;-/;-
resulted in the Jajhia type* This is a conventional borehole p.<;ap with lever-orm
handle, but it user; a lenrlh of motor-cycle chain, to connect the pump rod to

: the handle o This means that there is need, for only one bearing, and. roller
bearings in an oil bath can be provided for this „ 'The rest of the mechanism

,; is sufficiently compact for it to be totally enclosed, j.̂ ain avoiding problems
with dirt. In the design of this pamp, effort was concentrated on the head-gear

'• because it was found that 80-/a of p-'.mp breakdowns in India were dependent on thin.
It is claimed that J&lna-type pumps will function satisfactorily for up to two

1 years without any maintenance._

•i This pump was developed at the former Church of Scotland Mission at Jain?,
in Maharashtra during the late 19SQ3, backed by some Oxfav.: finance (i'Jsi 4)«

; It was later taken up by the other J.iaharayhtra agencies which are linked, together
| by A?AILV:, and most notably, by the Sholapur V.'ell Service (l.iAH 31). Sholapur
I improved the design somewhat and took out a patent which they use to prevent
« sub-standard puir.ps being mp.de by other agencies or commercial firsts. The Jalna
> type pump is now manufactured by SrlNCO Industries and by the Coimbatore
I Y/ater and Agricultural Development Froject (TM 3) , both at Coirabaiore in south
j ^ ^ India, as well as in Maharashtra, and UXJICIJ1? have adopted it as standard, for
i^P their pamp znc. v/e 11 projects in India..

"j Jalna, Kono and Fly~v?hoel drive pui^s all make rainj.mal demands on the
. I communities they serve and place few responsibilities on villagers. They work
\ successfully for lon^ periods without maintenance-, and as UMICi^? points out,

if a pumr> requires maintenance only once a year, a well-equipped maintenance team
• becomes possible which can offer a much better service than a lone fitter
j comminr; round once a month, which is what many other pumps seem to require.
•j So as means of providing rural communities with water, these are very good
,;j ' • pumps; and v/ith its basis of localised, small-scale manufacture, the Jalna pimp
I ^ in particular is an immense success storyo

But as catalysts for development, encouraging villagers to take chares
of their own futures, these pumps contribute little - they leave the villagers
purely es clients of the local authority, or of the water resources agency
which carries out the annual servicing. On these grounds, one Gx"am'project
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holder in south India has •become very critical of the Jalna pump and the
philosophy which has caused ITNlCiiTF to adopt it« He feels that the low
maintenance concept is an illusion, and "that it would toe bettor to use a
simpler pump and squarely fo.ee up to the social-cua-organisational problems
of effective maintenance,,

Ox.fa.rn has come to see v^aier supply projects, along with others involving
house-building, roads and. other community-based activities, as being potential
catalysts for other kinds of developmento Such projects encourage the
people within communities to work together, and allow people to demonstrate
to themselves how much they can achieve "by their own efforts - how they can
manage their own development,, Used in this way, watc-r supply projects can
become a very effective moans of soo_ial f.^''J.(r.:-.j'A.jr;

; Oxfam's best experience of this has probably been in some water projects
in Lesotho (L:J3 16), where- the possibility of constructing piped water supplies
very easily made it possible for villagers to participate to the maaimum in. planni
and. building thei?- own v,:ater ay stem,, The value of this in terns of social
education, and ar; a cata]y:-;t for further development projects, hay been very

; fTi-oat - people have (corio on to build a road, construct soil conservation works,
and develop snail irrirated gardensc

Similar results h:?.vo rarely been achieved with well schemes, especially
where larao drilling: nvichinos h?,ve been used, grid it is clear that wall/pump

• paclcares of the last of the three kinds discussed above are incompatible v;ith
\ this philosophy. The concept of minimum nicdrrbenance and slight cor̂ r.unity
' responsibility is clearly the antithesis of any social education approach,
i It would be on]y too eaay, therefore, to portray UKIGiJF and 0;cfa.~! as ;iavi:iy
j entirely different ?r-d ouj.te opposite approaches. Oxfam, it rai.rht be claimed,
J^^ is interest only in development which maces rural people more self -reliant arid
J^P socially aware, while UNICJJF's well and ].mmp policy in India is purely
• concerned with supplying; water on a releif or welfare basis, with no component
j of social developmento

• Such a statement would be untrue of Oxfam, which is very much concerned
) with welfare in practice if not in theory, and it would be unfair to UT'lICiH'1,
:'] whose successful well/pump projects in Bangladesh probably owe a lot to a
1 senoitive approach to community development and trainnngu The truth is that
] both organisations encompass a philosophy of development alongside a compassionate

concern for those in needo Where people are suffering through lack of water,
.; both organisations have often been right to .short-cut the processes of social
! education and development to provide water quickly. Vfhat matters is not so
;! much which philosophy is adopted, but that we are honest with ourselves, and
V are quite clear whether the objective .is "development" or "welfare"« To
j claim that the sinking of ?. well is a development project, but then to neglect
• .the educational, social and administrative inputs which will ensure that
' development results i.s not only to kid ourselves, but it raises false hopes,
| and expectations which can never be met.
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Although Oxfam has had a number of water* projects which have been
conspicuously successful in terms of social development, a much larger proportion
of projects than we care to admit have been conducted purely on s. welfare "basis.
In the context of those,' UNICEF'c vast experience, and the pimp packages
they recommend can only be beneficial to Oxfani's work. Oxfam is therefore
right to continue with the Jaliva purnp propra^mes in India, and with the
Sudan projects which vise lui!ICJJF Mono pumps. But at the same tine, Czfam
field staff should be alert to the possibility of well projects in v/hich
social education or corruiiimity development is possible In these cases, a
pur.op package involving coixnunity participation is desirable, and it is with
this subject that the rest of the present paper is concerned,

"13» ^il^y'lii^ flcL!i2!2̂ ^ ?r2.u^ii5_ilii'-:'":il_riii':'I2;]-5 _^'actorv-;r-i;ij;\:5_pj.'J;£p

Ideally, connraoiity development related to the provision of a new water
supply, be it a well, borehole or surface source, sriould begin long before;
any drilling or digging is started. Either through village meeting;?, or by
formation of a committee, or by othei* types of discussion, the villagers

. should have taken the following steps:

1. They should, have formulated a request for help in installing
their nev/ water supoly,

2. They should, have discussed v/hat sort' of supply tliey need, and
where they would like the well or other water points located..

3. They should have discussed their ov;n coniriT/o.tions , which should
usually include sorao physical contribution as well as cash, e.£. clearing
the site before the drilli<>;-; rif; C O M E S .

4« They should have decided which j.'iei.ibers of tha village should be
deputed to take up aay special respo-'-sibilitics - w?io should collect the cash,
who should organise the: v:ork fc'angs, and who should be in charge of the pump
v/hen it is erected.

Carried out under village leadership, though often with the encouragement
of community development workers, these procedures imr.edic-.tely place the

'••\ drilling rigs and t'neir crev.t> in a less d.omonant position. Under this sci;eme,
•;| they wait for the villagers to request the v/cll, and tlien co-operate with
i them in siting it and in constructiono In areas v/here h;:nd~dug wells are
\ feasible, the drilling rigs sho\ild perhaps be confined to drilling pilot
•] "bores for groundv/ater ex}Viora.tion. Then tha most important contribution
i of the big machines would be to save people the all too common, heart-breaking
.j experience of devoting weeks to digging a well and then finding no water.
•J The work involved in digging is only an intolerable burden if it finally
•j proves to be futile.

•I
•• If a project is begun in this way and followed tlirough in the sar/;e
:j spirit with full participation by the villagers, many of the problems encountered
i in well/pj.mp schemes will not crop up ?,t all. If a wrecked pump on an
.•j existing boreholes has to be replaced, the opportunity can be taken of
i introducing a degree of participation even at thc-.t stage, "by fo.rsaing a
i village committee to allocate rosrionaibilitisa for the new pump, a::d to
i organise labour for cloo.ning up the well site.!



Exactly how responsibilities for looking after pumps are allocated
depends partly on the kind of back-up service which is available, and on the
type of pump.. It may be appropriate to ask villagers only to deal with the
more basic maintenance casks and those which have to be carried out most
frequentlyc. Tiie back-up service would then need, to provide a well.-trained
and well-equipped technician who could visit the pumps at regular intervals
(e.g0 every three months) to give them a thorough servicing. This system is
commonly found in India, and an appropriate division of responsibilities
"between villagers and technicians is described below..

The alternative is to give certain villagers a thorough training in
pump maintenance and leave virtually all resporjsibility in those villagers'
hands„ This approach is being tried in Tanzania, where: "I;Jach village vi.ll
be required to nominate a person before the well is sunk who will go to the
District Offi.ce for two weeks to learn about .<.;.'•..;:.'X'Jov/ well construction and.
maintenance, particularly of the pump,, }Ie will the.'! be responsible for the
well once it is sunk, and rill carry a small stock of leather washers av..u.
other spare parts in his bouse. If a major breakdown occurs he will go back
to the District Water Office and either get the parts needed to do the repairs
himself, or else get the district Water Engineer's fitters to do the job." (?A.M 6)

In order to ensure that the villager resyonsibile for mainiaiiiing the
pump remains highly motivated, it may help to rive hi;.; duties which add to his
responsibility and status in the village« >'or example, if the pur.r; is locked
v/ith a padlock arid chain between certain hours, th-3 maintenance man can bi
given charge of the key. Tills invests him with a certain status and at the
same time imposes a degroo of discipline in the use of the pump. If the
maintenance man is involved in any expenses, e.g. through taking a bus to
pick up a spare part, he should be able to approach the village committee which
organised the well sohomo and arrange throu^ri t):--:;:': for t;te corro.in.ity to
re-j.mburse h.im „

Yet anotrier co'^nunity development activity which- may motivate villa&"er;:

to t3,ke full caro of their pump and a.t the same; tine take proper adVcuitâ -e of
its benefits is health education„ This should stress the importance of
hygiene, and in discussing the importance of clean water, should explain how
to guard against pollution of the well.

14« Maintenance tasks for the simplex* types of bore-hole pamp

Before one can define in detail the parts of the pump package which
have to do v/ith maintenance one must know more about the vulnerability of
pumps to breakdowns and other troubles,, Experience in a variety of countries
suggests that the following points need most attention:

The most common cause of pump "breakdowns is usually said to be failure
in the top end - the hinge pins on which the handle pivots (see diagram;,
breakages of the handle, of nuts and. bolts and other parts. Lack of
lubrication and clumsy use (banging the handle against the stops) are the usual
reasons for trouble0 Tne Jalna-type r̂icl Fly-v-heel drive pumps avoid most
of these Drobleuoo
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Tho second, most common cause of pump breakdowns is wear of tho leather
washers in the cylinder - and in Thailand and some other countries, this is said
to he the most common problem of all* This problem is reduced by using, brass
cylinders .instead of cast iron ones, or by using oil--impragnatou leathers
as developed, for example, by the Lee Howl fir.-'u (No synthetic manorial is
yet as good.as leather for this purpose though),, Purap maintenance P':en
always noed a stock of spare leathery„ The problem is, of course, eliminated
by pumps whoso operation does not depend on the use- of leather washers, such
as the; luono pump or tho now Godwin type (see below) o

The next most significant cause of pump failures is trouble v«ith valves
in the cylinder,. Ball valves are normally very simple and trouble-free, but
suffer from the defect that pounding of the ball deforms the metal neat,,
Poppet valve;-.' with rubber cushioning have some times been more effective in
the long tcr:n for this reason„

0n& other common problem with hand pumps iy breakage of pump rods or
pump rod couplings and trouble with rod. bushings;,.

-Although a wise choice of pump avoids sons cf those difficulties, regular
maintenance is sti'Jl the key factor. The "table provided on the next page sets
out in detail the mairrler'anee needed on tho simpler kinds of hand-pump. It
refers specifically to the iOe-pster nodel 23?, to the Craelius jamp, and to
comparable pu::ipG riads in India (v/ABP, Kirti and K'avnr.i) and in Britain (Godv.'in
and Lc-:o Hov/l)« The table ic based on advice obtan nod from ir.anufacturer?;, arid
on the ;r,ai-r;,o::-.ance sched-.J. e reco:.:r::ended. by SÂ 'A in C:^ioroun.
of purnp? are used, this table should be amended in tho li^vl of th

?3 aare often used vary intensively, and the table
mmends a correspondingly high level of maintenance. In some instances,

; it would lead to pumps being over-maintained, but that is obviously
j preferable to the present state of neglect which is found in Most areas.

•
Frequency of maintenance can be adjusted for lightly used pum-js.

i A key decision which must be taken is which, of these tacks
j is to be carried out by a responsible villager, and which by a professional
] nia.iuten.ance team-. Current policy in the Oxfam/OLT? Tanzania project (TAN 6)
•\ is to give a high, degree of training to the villager concerned, and make him
H responsible for virtually all these tasks - with the possible exception of
' some of the annual ones. In most cases, hov/ever, it will be wise to have a
i professional maintenance team visit the pomp every two ox* three months. In
i these instances, the daily, weekly and monthly tasks must be carried out by
•; villagers except in the months when the professional team comes. Since it
.? will almost novor be practicable for the team to visit more often than once
i a month, da.ily and weekly tasks must obviously always be the responsibility
•j of the village.

j If they include a small degree of training, the activities of the
•i maintenance team can also help to strengthen the villagers' ability to core
\ with their ov/n problems. The tea-"' should re-train villagers in any maintenance
'i tasks which appear to be neglectedc
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F O R ?/lA

^LsilX "I • lock and unlock the pump at hours agreed by the village.

2. clean the well-head.

weekly 1 . thorough, cl&an-up of pimp, well-head and surroundings.

2. oil or grease all hinge pins, bearings, and sliding parts,
after checking the no rust has developed, on then.

3. record any cora.ients fron users about irregular:i.ties in wo?-k.vng
(t:;..;-htne.:;r: of parts, leaks fron stuffing box, .-Tail-off in water
raised),. Correct these where possible.

-] 6 if neco.^r.ory, adjust the stuffing- box or r.;land (this doea not
apply to the Craelius uir.ijj) . Usually this is done ~oj tijhtoimjjn;
the pacivinr nvt. This should not be too tirht •- there should be
a slight leak when the adjustj::ont is correct.

?-. check t'lat all nut a and bolts arrj t.vht, and check that there
is no evidence of loo^e connections o:i tjie puiip rods.

3. chock for BV;."ipto:V'.s of v/ear at the leathers, noting any oo.̂ '.icnts
fror:; uuoi'^ about any falling off in the water raiyed. If the
pump fails to raise water when worked, slowly (e.£. at 10 strokes
per ninuie), replace the leathers.

4. carry out all weekly raaintonance tasks.

l 1 ̂ r
J^~ -]. paint all exposed parts to prevent development of rust.

'?... repair any cracked, concrete in the well-head arid surrounds.

3o check wear at handle bearings and replace parts as necessary.
On the Craolius pump, worn bushes can be replaced by short sections
of pipe of f.-uitable diameter.

4. check plunger valve and foot valve; replace if found leaking.

5. check the vamp rod and replace any defective lengths or connectorso

6. repla.ee packing at the stuffing box or gland (does not apply
to the Craelius pump)„

7. carry ou.t all monthly maintenance tasks.
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The maintenance team should aiso consult villagers about any
difficulties encountered, in operating the pump„ A pump will usually show
symptoms of malfunctioning before it actually stopo working, and villagers
May notice a, slight falling off in the amount of 'water.pumped, which jnight
not be obvious to a. visitor. Another important function of the inaintenanco
team should be to keep record;.-; of bow often each p-uiiip is visited and what
faii.lto it develops0 This allows the regularity of ^Maintenance to be checked
and shov.c up any punps which need replacing,. The villager responsible for
maintenance should also be encouraged to keep a log, JGO show that all tat;!.:.?,
are regularly carried out, and also to record the onset of any symptoms
of malfunctioning.

Spare parts kept by the maintenance team or by the responsible villager
will usually include plunders (also called buckets or pistons), leathers,
valves, nuts and bolts;, handles5 pu

i!''P rods and connectors,, The team v/iil
need ti-ans-oort, or a sinlge maintenance !;'.an just a moto'r b.\]cec

If purq'is s.ro naintcvined on this baai?, breakdowns ^/il]. be very rare«
Eo'.vever, so:ne pi'ojecbs have provided villagers v.i.th star;:ped and addrerssed
po»tca:'.:-d̂  v̂ hic'i they can use to r,v,"L;nor. an e^erroncy repair team vrhen thia
is neccc<jary, and thi.3 or soiiie other arrant e;iient for dealing quickly with
breakdov/nf; \/il] al\-ays be necessary.

A].thou{''; the forcaoinf completes all that iieod be f;ai.d in {jeneral
about puv.\"; packages, apeci^i.e ;,i::ntion jieeds to be :;;ade of tv/o potentially
important varspE v.V!.ich are Pti.il at v.n early stafO of develop^ont - the ne^7

: Godvan r^odol and the pci-J?.i--o].'vr-:ited Ver/uet inu:̂ p. In neither caee is it
possible to specify Maintenanci- re-c'airer.'ftnts precisely, so it is not possible
to present either pump in the context of a package.

The new Godwin nuuro is still at the design stace, and. few details havc-
! ̂ ^ yet been released, Hov/-'ver, it pro..>inef. \rery conciaerable econoides in the
> ^ ^ initial co^t of a purr-p b.n& itf! aRsoeiatod pipev/ork end in the cost of
| transport to site. It could, in fact, bocoi-3 one of the cheapest available
I pumps, with a much reduced weight of rr.ctal or plastic needed for its
i construction., The plunder aiĵ enibly in the cylinder is also completely re-desi^ned

to allov.' for very free nioveiueut, and iiiuch less effort should be needed to work.
| the purapo The top end design for the nev/ Godvrin pu.inp has not yet been finalised,
' ' but the design is entirely compatible vdtli the Jalna-type top end. In this
' case, the puinp would have similar inaintene'rjee chai"acteri3tics to the Jaljia

pinnp, except that less maintenance would probably be needed in the cylinder,,

i The Vergnet P'-irap, nov/ undergoing field trials with bivICIC1 in Upper
:! Volta, works on a principle completely different fron that of all other
•• manually operated deen well pur.ips „ It .is effectively a diap>irar;ni pu'.ip, with
i a diaphragm in the cylinder operated by hydraulic action.,

; The p.uvip cylinder, loc^teo as usual vithin t]:e well, is Jiiade of P7C plastic;,
It is linked to the surface by tv:o pipes, one a driving pipe connected to a
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pedal; the other a delivery pipe through which the? pumped, water oinerfes,,
The whole system is filled with water, the plvuirer when at rest bein(-/ in the ...
raised position „ The operator presses 0:0 the pedal with his .foot, and so

. pushes Victor throurh the drive pipe raid, into the pur':p cylinder., This br-.s'
an elastic lining or diaphragm v/hich replace;/; the plunder or pint on in an
ordincry pu;.ipo Go when the pedal is pushed down, the elastic lininy
expands and pushes water fro::? the cylinder and up the delivery pipe to
the surface. 3ut at the end of the stroke, when the operator removes his
foot f.3"-oB the; podal, the elastic- lining pulls back to its original shape:-,
pushing water up the drive pipe and' restoring the pedal to its original
position. The cylinder has a conventional foot valve <?.nd. also a delivery
valve at the c:vlry to the delivery pipe,. So as: the elastic lining; m i l s
'back, water .flov;s through the foot valve, from the well into-the- cylinder.

There j.,s no connection between the drive and delivery o:yHtOj;jra, oxc.:'-"-':
for a clac.3" valve, v.vrj oh replaces c-ny ivater lost hy il.ealvâ e frosvi ti;e
deliv ery pi po.

16 o Ca^x;. 1 usi_o_n

I t has seci.'.od useful in thin paper to dr?.v.r a contrast hetv:een three
dor.iin philosophies for }IL-: ipu s f:nd to shov/ hov; each is re].ated to a
differe?jt pc.-.c::.are of measures. V/liich package and v/hich desir??. philocophy
one adoi/'ts deponda vory iiiu.c'1. O51. trio ob/iootjv?;; of the project in relation
to such concept;; as "development" and 'hvelfare"; "self-reliance" and
"dependence". In this way, enrineerin,, is air/ays related to social ic.oiJ.:::
and objectives. Tne product bein,;;- desiyjed aJ.ways forms part of a Sjzj'SiP
v/hich irjcludes a lar^e social co::ux)iient» A "systems ;:ap" which i l lus t ra t - s
this appears as the filial diagram.

So the solution to the problems experienced with hand punips %jy Cxfa/?,,
UKICLT and numerous othei' aaoncies cannot be solved wholly, or even mainly by
re-designing punps or inprovina the quality of manufacture« Quite as i^portai'it
is the need to clarify objectives and. to pay :::uch n'.ore attention than hitherto

j usual to the social components of the v/sll/jrdir.p package.
i
'[ In some countries, it is participation by the local co^unity which
.'; can be identified as the social corp.pone.nt Most crucially neglected.
/: Therefore, an increased oiphasis on corm.xmity developiV-cnt will lead to
' better pump maintenance as well as stiirwlatinr development on a broader froiito
•! In otlier coimtries, hov/ever, trie missing; social component lies with the local
•| government organs which are rts]:onsi.ble for maintaining pumps. A correspondent
.; in south India writes: "I do not believe that providing maintenance
•1 instructions and training; strike at the problem. There is no lack of Imow-how,
;i and the mechanisriis are very simple o.o There is no lack of organisation,
j Panchayat Unions have ?.n onrinoer arid, staff under him who are responsible
] for naintc;)ance and repairs and who promised to look after the pumps,
i They don't even know the score., technicians lack incentive, they expect
! tips ar-d bribes, they fleece people, T':c;;r do r:ot o-vr.-icier it vr\-r :/eflecti-.-r.
'• on the-iyelvos if the: pr^rs in t?'.c-;'.r custody don't werko The: hurdles are
'• all human„ i"t j.a a cultuj/al or psychological problem."
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Some, of these problems may be quite intractable and may lead to
• the view that a minimum maintenance philosophy based on Llono tumps or
somoihin/'; similar is all that remains. However, it is important to be
clear about this just as it is important to be clear a1.?out objectives,
and the final conclusions of this report can be summarised, as follows:

1c Any organisation pliUining to implement a project involving wells
and pumps should first clarify its objectives, and decide not only what is
desirable, but also what is feasible,

2a. If the objective .is primarily to provide a drinking water supply
and to do this without delay, an appropriate straiery v.'ill be to adopt the
pactek;',".•?.• described in section 11 above, and to choose pumps which require
a minimum of maintenance <,

2b. If, ho1 ••ever, the objective of the project is development on a
broad front, and the water supply is intended to play a catalytic and
educalion-.il role in the development process, it will be more suitable to adopt
either of the packages described in sections 9 ^id 10. Of. these, the second
(section 10), which involves partial village sel-'-re'.1 iance, will be most
generally applicable. The key clement in tnis package is the social or
community development inputs, and the villa/vo-level activities to which they
lead. This is illustrated by the systems map diagram, which indicates
four separate activities in which a village committee or other c~roup could
parti civ-ate in the construction phase, and two activities in the operating;
phase.

3' Any arency involved in well and pump projects should ensure ihv.t
' the whole of the relevant p.;-.ck;--.j;e is adopted, includir./-; the training; of
i villagers responsible for maintenance and the organisation of a professional
j back-up service with adeouate transport, spare parts and management (including'

record-keep.inf; - section 14).

j

•
4c Any agency wishing.;- to promote the. local manufacture of hand pumps f'cz

deep wells should be prepared to equip a workshop with suitable machine tools
j and train workers with the necessary skills - simple tools and traditional
:i skills are rarely adequate, thoiu;h the introduction of the appropriate

:.| workshop technology is a worthwhile form of development (section 9) •
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I Dempster Industries Inc of Beatrice, Nebraska, H.J.Godwin Ltd of Queninr.ton
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• . ,. A FVC HAND FUMP -::-;:lov; in cost, dependable, easily repaired,

Oa£t iron has become increasingly expensive, nnd in the ilcep well
pump the heavy cylinder suspended on a galvanized iron discharge pipe
with the rod inside is difficult for the villaper to remove and repair.
If a Governmental agency establishes mobile repair crews, as more'

wells are installed with hand pumps the maintenance cost increases
rapidly. For many years it v.ill not be feasible or economic in most
countries tc put small pipped systems in villages of less than 500
people. There is a pr-eat need for a low coot, dependable, easily
repaired hand pump. Such a pump is now available using PVC pipe as
the cylinder. This pump was described in a VITA publication and the
shallow veil suction pump has been fabricated and tested, by the
Thailand Depb. of Agriculture. The test pump was shown on the cover
of their monthly -Journal with a report on its performance.

The cylinder was a section of J>h PVC pipe above the platform with
a lv," suction pipe extending into the well. The pump rod was 3/0"
diameter steel with a small yoke at the top to fit on both sides of
the wooden handle, Astandard piston with poppet valve was attached
to the lower end of the rod. Afoot valve was placed or. the bottom of
the I-??" suction pipe0 The handle was supported by a 5>"x5>" x;ood post
set firmly into the ground. The handle was of hard wood 2"xl£:"x70"
long. A round, flat cover of wood with a small slot to permit free

Jmovement of the rod was used to close the top of the 3" FVC pipe,i/lie pump had a maximum lift of 23 feet and the discharge was between
10 and l£ gallons a minute with an 8-10 inch stroke, depend5.mr. upon
the suction lift. The cost was about US '•$20.00 The FVC foot valve
alone was US ^5.00. Using a simpler lower valve and making the pump
in quantity, the cost could be reduced to about US q.l̂ .OO compared
to '0'3o£l00.00—1^0.00 for a cast iron pump.

Ths deep well version is b»sed upon the use of PVC pipe as the
well casing in small diameter driven, jetted or drilled wells. The
FVG casinp becomes thr- cylinder and the casinp; ir> extendrd above the
platform to act as the channel for the water, The handle and support
post is similar to the suction pump. If the casinp is considered part
of the coot of the well, the pump coat only includes the handle,
support post, pump rod, piston and lower valve. Ths lower valve seat
can be fixed in a length of PVC casing at the shop. The IVC pipe
should be supported from the bottom as it is lowered into the well
with a trip to release the support when the casing is in place. The
deep vrell pump has not yet been field tested. The auction pump has
been run 200-300 hours with only very slight wear on the leather
11 bucket", Ti oi vneThe handle should be of such a length that the cna
handle attached to the rod will, in sweeping a small arc, pass
through the vertical position for the rod. This will rrdriimize wear
of the leather "bucket". A rubber bucket is used in Korea and should
give a superior performance when used in a PVC pipe cylinder.

This dependable, low cost, easily repaired pump should make
wide spread use of hand pump wells feasible and economic.

C. D. Spangler
April 1976
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PUMPS, SMALL HAND AND POWER DRIVEN: Standard Industrial Classification 3561

A. P R O D U C T D E S C R I P T I O N

Conventional hand and power driven pumps with cast iron casings. The production require-
ments in section D are based on half the production being hand operated and the other half
power-driven. The proportion can, however, be varied to suit demand.

B. G E N E R A L E V A L U A T I O N

This plant requires a fairly large capital. Not much skilled labor is needed, but good
management and supervision are necessary to assure maintenance of quality staiuiards.
Such pumps are increasingly in demand for rural and industrial development, and there
Should be quite a number of developing areas where a plant of this kind could operate
successfully.

C. M A R K E T A S P E C T S

1. USERS. Farmers, construction contractors, certain industries, etc.

2. SALES CHANNELS AND METHODS. Sales would generally be made to machinery arid
equipment distributers, though some might be made direct to industrial enterprises.

3. GE^R^Ph7CAJJ_E^TOT_OF_?.IARKl!:T. These pumps are easily handled and are
often transported long distances. They are a common export item.

4. COMPETITION. If the pumps are well made and costs are reasonable, it should be
possible to compete v/ith imported pumps. Some sales to neighboring countries mu'ht
be possible, but the operation is on too small a scale to enter into general international
trade.

5. - The market is likely to be extensive and
variegated, Jismand will depend" on the decree of prosperity in rural areas and the
extent to which user industries are developing in the area.



D . P R O D U C T I O N R E Q U I R E M E N T S

X

C:

AKNUAL CAPACITY - ON'E-SHIFT OPERATION': 9,000 to

1. CAPITAL RIQiJIRfHOTS

a. FIXED CAPITAL Cost
kind. S
Building. One story, 60'xiOO1. 36,000
Equipment, Furniture & f ix tures .
Prodn. f.ools 6 equipr.:t. 546,000
Other tools & equipfflt. 1,200
Furniture a fixtures 800
Transportation equipzit. 3,000 33,000

Total (c:<cl. Und) S 89,OOO~
Principal I t e^ s . Pedestal grinder, la the,
arbor press, a i l ling caching, d r i l l press ,
boring iriachine, hacksaw, v/olding equip-
ment, vet grinder, turre t la the , pipe
threaders, pipe threading d ies .

nd PuEps, 9,000 Motor Driven Puirps

3 . POWER. FUEL A.'iD WATER

a. E lec t r i c Power. 200 hp. con-
nected load. ;

Annual Cost

b. WORKING CAPITAL
No. of Days

Direct Materials, Direct
Labor, Mfg. Overhe.ad(a)

Adaiti. Costs(b), Conr.in-
60 S 87,300

b. Fuel. About 10,000 gals, oil
annually. $ 1,200

c. Water. About 9 million gals,
annually. $ 2,200

4. TRANSPORTATION

a. Ovn Transport Equipment. Truck
for local deliveries. $ 1,000

b. External Transport Facilities. In & out
shipments about 3 tons a day. Good
highways desirable.

genc ies , Sales Costs(c)
Training Coses

Total Work ins: Capital

TOTAL CAPITAL (KXCL. LA.';

MATERIALS AMD SUPPLIES

Direct Mater ia ls R
Castings
Steel shapes
WooO handles 9
Gaskets, f i t t i n g s i8
Nuts, washers, bolts 18
Belts 9
Fractional hp. ciotors 9

Total

Lubricants {< h?nd tcois

30

21

Annual
oqui rorfjCn t
430 cons

50 tons
,000
,000 sets
,000 sots
,000
,000

Cutting tools £ abrasives
Kaiiilv.nar.ee 6 spare parts
Patterns
Office supplies

Total

3,900
4, S00

? 96,000

$185,000

Annua1
s Cost
5 S/,700

12,500
1,800
6,300
7,200
4,500

2 2 5j 000
$345,000

$ 400
3,600
1,200

900
300

S 6,600

i .

a.

b .

c.

6 .

a.

b .

MANPOWER
Uutcher A n n u a l C o s t

Direct T,>hor
Skilled 3
Seoi-ski lied 10
Unskilled 12

Total 25

Indirect Labor
Manager & supervisors 3
Office 1
Ksintennr.ee i, driver 3

Total 7

$ 18,000
50,000
48,000

$ll&,00&

$ 27,CCO
5,000

16,000

7'raininf. Nof̂ ds. Manager & suoorvisors cu.st
be experienced. With 2 skilled workers.
they should be able to train other
workers & react: full pj eduction
1 month.

in about

TOTAL AXNTAL COSTS AND SALES REVENUE

Annual Cor-ts
Direct Muraials
Direct Labor
Manufacturing Overhead^)
Aduin. Costs(b), Contingencies
Sales Costs(c), Bad D^bts
Depreciation mi Fixed Capital

Annual Sales Revenue

$345,000
116,000
62,000
21,000
30,000
5,000

$582,000

$650,000

NOTES. (a) Includes Supplies, Power, Fuel, Water, Transportation, Indirect Labor. (b) In-
cludes Interest, Insurance, Legal & Audit Charges. (c) Includes Sales Comrjissions, Freight
Out, Travel.

PUMPS, SMALL HAND AND POWER DRIVEN: S. I. C. 3561
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PUMPS. SMALL HAND AND POWER DRIVEN: S. I. C. 3561

I. TEXTBOOKS

SELECTED REFERENCES
V,

A. Pumps: Types, Selection, Installation. Operations, and Maintenance.
F. A. Kristal and F. A. Annett. 1953. 373 p. IIlus. §10.00.
McGraw-Hill Book Company, Inc.
330 V/est 42nd Street
New York, N.Y. 10036

B. ASME Handbook of Metals Engineering- Design. O. J. Horger, editor.
2nd edition, 1965. $22.50.
McGraw-Hill Book Company, Inc.
330 West 42nd Street
New York, N.Y. 10036

H. U. S. GOVERNMENT PUBLICATION

A. Manufacture of Hand Puiups. IR-30634. Gratis.
Agency for International Development
Washington, D.C. 20523

IH. PERIODICALS

A. Materials in Design Engineering. Monthly. S15.00/year.
Rcinhold Publishing Corporation ;
430 Park Avenue
New York, N. Y. 10022 ___ i

B. Machinery. Monthly. $7.00/year. 'v_/' .
Industrial Press . '
93 Worth Street
New York, N.Y. 10013 ' \

IV. U. S. PATENTS
Availabie U. S. Patent Office
Washington, D.C. 20231 $.25 each.

A. Patent No. 2,95-5,736. 19C0. 4 p.
A low lift pump for liquids.

B. Patent No. 2,910,008. 1959. 5 p.
Fluid pump of the piston type.

C. Patent No. 2,627, S16. 1953. 8 p.
An electrically driven pump.



o
SELECTED REFERENCES (Continued)

V. TRADE ASSOCIATION

A. Sump-Pump Manufacturers Association
Mills Building, N. W. ,
Washington, D.C. 20006

VI. ENGINEERING COMPANY

A. Fulflo Specialties Company, Inc.
410 Fancy Avenue
Blanchester, Ohio 45107
Pump engineers.

VII. DIRECTORY

A. American Foundrymen's Society Buyers' Guide. Biennial. $10.00.
American Foundrymen's Society
Golf and Wolf Roads
Des Plaines, 111. 60018
Lists major suppliers of products sold to foundries.

c

PUMPS, SMALL HAND AND POWER DRIVEN: S . I . C . 3561
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SHALLOW WELL HAND PUMPS: Standard Industrial Classification 3561

A. P R O D U C T D E S C R I P T I O N

Simple hand pump, made of gray cast iron, bore 2-5/16", piston movement 6",
obtained by hand lever. Bottom casing tapped for 1-1/4" inside diameter pipe. Pump
will deliver approximately 200 gallons per hour, with about 30 to 35 strokes a minute,
from maximum depth of 22 feet.

B. G E N E R A L E V A L U A T I O N

Capital and skilled labor requirements in this industry are modest. The plant
consists essentially of a foundry, with a tool room in which castings are machined.
Such a plant can make other cast iron articles, e.g. pipes, valves, wheels, stands,
troughs, plows. Thus, if the demand for pumps is insufficient, the plant can use
some of its capacity to make other articles. A plant of this type appears to have good
prospects for profitable business and growth in many developing areas.

C. M A R K E T A S P E C T S !
*.* -

1. USERS. Farmers; and urban property owners, where piped water does not exist.

2. SALES CHAN"NT,LS AND METHODS. Sales will generally be made to wholesale and -"•- '
retail distributors.

3- ^ ^ . ^ ^ ' Z i l i ^ . k ^ X ^ L ^ i A ^ I i l ^ I - I i These products are fairly easily handled,
and transport coils are unlikely to restrict the market area very severely. Where
there is a reasonably well developed transport network, plant may .send shipments
over a wide area. There is a moderate volume of export business in equipment
of tliis land.

^ J a. DomesticJvlr.rket. Unless costs arc unusually high, local
product sho.i'ld be- able "to compete v;iih imports, b. ^xport^arK-et This plant
would be too small to engage in. general export business, but "some sales to
nearby areas of neighboring countries might be possible.

5. MARKET NEEDED FOR PLANT DESCRIBED. In the less developed areas pumps
of the ki;>d prodded "by this pl.int "are often widely used both in urban and rural
areas. With extension of modern systems of water supply in urban areas demand
will of course tend to decline. Where pumps of this type are in general use, a
population of the order of 4 million should provide an outlet for production of this
plant.



L) «.

o

c.

D . P R O D U C T I O N R E Q U I R E M

ANNUAL CAPACITY - ONE-SHIFT OPERATION: 30,000

I. CAPITAL REQUIREMENTS

a . FIXED CAPITAL
Land. About 10,000 sq . f t .
B u i l d i n g . One s t o r y , 4 0 ' x 7 5 ' .
Equipment, F u r n i t u r e & F i x t u r e

Cost

18,000

Prodn. tools & equipmt. $12,600
Other tools & equipmt. 5,500
Furniture & fixtures ___7_00 19,000
Tota 1 (cxcl. Land) $ 3 7,000

Principal lleiTis. Cupola complete, turbo
compressor, sand sereener, sand sixer,
optical pyronjeter, flasks, core oven,
grinder on stand, portable grinder, 2
lathes, thread cutter, drill press,
band saw.

b . WORKING CAPITAL

Direct Mater ic l s , Direct
Labor, Mi'g. Ov<:rhesd(a)

Acrcin. Cos ts (b) , Contin-
gencies, S.ilcs Costs(c)

Training Costs
Total U'prkinf; Cap! _tj 1_

No. of Days

60

30

c . TOTAL CAPITAL (EXCL. IAND)

$ 17,400

1,400
5 ;000

$ 23.SOO

$ 60,800

E N T S

Units

3. POWER, FUEL A.N'D WATER

Annual Cost
a. Electric Power. Connected load

about 25 hp. $ 800

b. Fuel. About 3,000 gals, oi)
annually. $ 400

c. Wa_t_er. About 400,000 gals.
annually. $ 100

4 . TRANSPORTATION

a. Own Transport Equipment. None necessa ry .

b . External Transport F a c i l i t i e s . Total in &
out shipments about 120 tons a nonth .
Plant should be loca ted on good highway,
and, if poss ible , near r a i l road .

2 . MATERIALS AM) Sl'PPLJF.S

a. Direct Materials
Anr.ua 1 Annual

Keouiror.ents Cost
Pig iron I, scrap
Coke &
Sand,
na i l s

Va1vas
M a

Suppli
Uihric
Crinoi

flux
core sand,
, pate cans

750
225

tons
tons

, b o l t s , nuts , vashers
1
c s
a n t s & hj>.nd
p.p, v.-'icc-ii; 6

tools
cutting

Maintenance & spar.', par t s
Orfice

Tota
suppiies

i

tools

$

1

$

30
8

3
]

42

1

~2"

,000
,000

,000
,000
,000

100
400

,300
200

,000

Number Annual Cost

2 ' $ 12,000
4 20,000

? $rr!"ciio

1 $ 10,000
1 5,000
2

5. MAXPOa'ER

a. Direct Labor
Skilled
Scr-.i-skilled
Unskilled

Total

b. Indirect L?bor
Kanagor
Office

Total

c. Traini::,- Koudj. Kjnayer should be fully
e>:(HTier,cc:d. With aid of 2 skill.:;' vorkers,
ho. should be able, to do all necessary labor
training. Plant should reach full pro-
duction in 2 p.-,outiis.

6. TOTAL AKSi'AI, COSTS ASP SALES RE'.T.SUE

a. Annual Costs
Direct .'•iit.crials $ 42,000
Direct Î abor 44,000
l-Unufacturinj Overhcad(a) 13,300
Adrain. Costs(b), Contingencies 6,500
Sales Costs(c), Ead Debts 10,500
Depreciation on Fixed Capital 3,400

Total $124,700

b. Annual Sains Revenue $150,000

c NOTES. (a) Includes Supplies, Power, Fuel, Water, Indirect Labor. (b) Includes Interest,
Insurance, Legal & Audit Charges. (c) Includes Sales Coraiissions, Freight Out, Travel.

SHALLOW WELL HAND PUMPS: S. I. C. 35C1
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SHALLOW WELL HAND PUMPS: S. I. C. 35G1

SELECTED REFERENCES

I. TEXTBOOKS

A. Pumps. Frank Kristal and F. A. Annett. 2nd ed. 1953. nius. $10.00.
McGraw-Hill Book Company Inc.
330 West 42nd Street
New York, N. Y. 10036

B. Foseco Foundryman's Handbook. 1965. $3.50.
Pergamon Press
44-01 Twenty-first Street
Long Island City, N. Y. 11101

C. Metallurgical Principles of Founding. V. Kondic. 1965.
American Elsevier Publishing Co. Inc.
52 Vanderbilt Avenue
New York, N. Y. 10017

D. Introduction to Foundry Technology. D. C. Ekey and W. P. Winter. 1958.
290 p. ilius. S7.00.
McGraw-Hill Book Company, Inc.
330 West 42nd Street
New York, N. Y. 10036

n - U. S. GOVERN'MJEXT PUBLICATION'S

A. Foundry Practices. IR-27681. Gratis.
Office- of Technical Coopc-rafion and Research
Agency for International Development
Washington, D. C. 20523

B. Pumps. IR-23519. Gratis.
Office- of Technical Cooperation and Research
Agency for International Development
Washington, V. C. 20523

m - PERIODICAL

/,. Foundry. Monthly. $20.00/year.
Penton PublishL'::; Company
Penton Building
Cleveland, Ohio 44103
Foundry nev/s and information primarily for nianasjemcnt, production,
technical, and purchasing personnel in foundries.



SELECTED REFERENCES (Continued)

^ W- V- S- PATENTS
A"vailabTt;U. S. Patent Office
Washington, D. C. $.25 each.

A. Patent No. 2,164,103. 1939. 3p.
Hand pump lor lifting water.

B.. Patent No. 1,738,734. 1929. 6p.
Construction of a small reciprocating pump.

C. Patent No. 1,699,726. 1929. 4p.
Piston pump for shallow v.'ells.

D. Patent No. 1,670,788. 1929. 8 p.
Simple pump of the piston type.

V. TRADE ASSOCIATION

A. Gray Iron Founders Society
National City-East Sixth Building
Cleveland, Ohio 44114

VI. ENGINEERING COMPANIES

c

o

A. National Engineering Company
610 Machinery Hall Building
Chicago, 111. COGOO

B. Jef/ery Manufacturing Company
S5G North 4th Sheet "
Columbus, Ohio 43201
Sand fondling and mold conveying and crushing.

I VTf. DIRECTORY

A. Standard T^ctal Krectoiy. Biennial. $15.00.
National r.u.'iiness Press, Inc.
425 Wc:sl ?,5t!i Street
New York, N. Y. 10001
Lists United Slalts metal pUints, including foundries.

SHALLOW WELL HAND PUMPS: S.I. C. 35G1
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SHALLOW WELL
HAND PUMPS

I. P. NO. 66169

L.

This Industry Profile is one of a series. Each Profile gives basic
information on a small or medium-sized plant in a specific industry.
It discusses succinctly the features of the industry and its marketing
problems, shows the approximate amount of capital needed to establish
a plant of specified capacity, and gives an estimate of the annual costs,
by categories, of running the plant at full capacity. It also provides a

} plant lay-out and supplementary reference information on technical
journals, articles, books, patents and the like.

Potential investors can, by examining the Profiles for the indust-
ries in which they are interested, take the initial step in the process of
deciding whether to embark on particular projects. In some car.es the
next steps may be simple, in others they may be complicated, requir-
ing full-scale feasibility studies by experts. But whatever the situation,
it should be remembered that the Profiles are not a substitute for the
specific studies, whether simple or elaborate, that should precede the
actual establishment of new plants. The Profiles indicate the major
factors to be considered in making such studies and provide, a systema-
tic guide for making cost estimates applicable to local conditions. Con-
ditions in'different areas vary and may affect the optimum plant size,
the type of plant and equipment, the kinds of materials used, utilization
of power, organization of transport, etc. Local costs may also vary for
raw materials, labor, plant and equipment. Thus, specific studies may
provide somewhat different estimates from those shown in the relevant
Industry Profile. But the Industry Profiles provide an order of magni-
tude of costs, point the way to making proper assessments of actual
situations, and help to precipitate investment decisions.



k ;• PRE-INVESTMENT FEASIBILITY SURVEY NEEDS

Before an investment is made in a plant, a feasibility study should
* be conducted. This may require skilled economic and engineering

experience. The following illustrates the range of questions to which
answers must be obtained: What is the extent of the present demand
for the product, and how is it now being satisfied? Will the market

I. absorb the production of the new plant? Will the estimated sales price
- and quality of the product make it competitive? What is the marketing

and distribution plan and to whom will the product be sold? What is the
nature of the plan to finance the plant? Has a realistic time schedule
for construction, delivery of equipment, obtaining of materials and
supplies, training of personnel and the start-up time for the plant been
developed? Have arrangements been made to obtain needed materials
and supplies? Are trained personnel available? Do adequate transporta-
tion, storage, power, communications, fuel, water, and other facilities
exist? Has a sound plan for equipment, design, construction, and opera-
tions been developed? Have proper management controls for design,

\ production, quality-control and other factors been developed? Will
the industry fit into the development plans for the area?

Fully documented information to these and a host of additional
technical questions should be available to the investor before he pro-
ceeds with implementation of an industrial project.

ORDERING INSTRUCTIONS

Copies of individual Industry Profiles are sold by the Clearinghouse for
Federal Scientific and Technical Information at $1.00 each. A sub-
scription service through which all Industry Profiles may be received
as they are produced (about 250 in 1966) is available at a cost of
$200.00.

Address orders to:

U.S. Department of Commerce
Clearinghouse for Federal Scientific

and Technical Information, 410.14
Springfield, Virginia 22151

Prepayment is required. Make check or money order payable to Na-
tional Bureau of Standards — CFSTI. Clearinghouse deposit account
holders may charge purchases to their accounts.

GENERAL INFORMATION

Available Profiles are listed in the Index to the Catalog of Investment
Information and Opportunities, available or request from the Agency
for International Development, DFPE, Washington, D. C. 20523

Industry Profiles are prepared for the Agency for International Devel-
opment by Surveys & Research Corporation, 1030 15th Street, N. W.,
Washington, D. C. 20005
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A DLSCU.'.GICN ON FUTU.'W HAND J'UMP

IN ntUAL A17!:AS OT'1 BANGLADE

by - M.A.Hussain
Chief E n g i n e e r , Dp H'.i.

1. Introduction

Evolution is not spontaneous. I t is gradual; based on the

necessity and demand of better living which involves again a change

of economic condition. Hence i t is bound to be a slow process.

Bangladesh is using hand pump tube wells from about 50-60 yours

ago, but i t s extensive use was started only about from 1960. I t v/as

observed that the most vulnerable parts of a hand pump arc the buckets

and the threaded portions of the moving par t s . To improve on them, some

modifications in pump design were attempted from 1965 with evaluation

of the resu l t s . Nothing substantial were however done for want of

finance as veil as motivation.

Then, when UKTCIF took up the 1,60,000 hand pump tube well

pro^ra-we in Dang}, a Josh, they in i t ia ted a continuous research rnd stm.^

pro;vra:r,.':e not only on the design of the pump but also the design of the

wells as a whole. The UNIC:̂  also engaged: a consultant, • Davtelle '

Columbus Laboratories, Ohio, U.3.4. who supplied the U.'.'JC']'.7..with a <;<iru.I

rumo design along with a technical report and guidel inesjto .help apgrad

the local foundries. . '• • . /
. • W \ > - ' ; : • • ' • /

The llattelle pump v/as found magnificent; but ' it was foiuxd too
/

sophisticated for Bangladesh in respect of cost, production methods and

services. So the Battelle }>ur.ip could not be accepted as such for use in

Bangladesh. .

Instead, the LTJIĈ F and d]\\?. started remodelling of the

con '.-en;,;.op.?.1, "r.,6 .".:.:u D , - ]».!:;'.'.:•« by i.ni.rodac in:j, tha i;.in.ro\ ftr] faciT it j.•-.:.-,

of the Battelle pump. Also a Railway pii!»p called pitcher Punip about

Cont d . . . . 2 .
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l/4th weight of the Battelle pump was taken into consideration for

remodelling. In this remodelling job, reduction of maintenance cost

has always been kept in view and so, every endeavour was to standardise

and reduce the number of movable parts and also to increase the bearing

surface of such parts.

2. Comparison of Hand Tumps

The pumps which were under process of continuous remodelling,

test and evaluation are shown below;

Comparison of Hand pumps

Na;:ie of \ Diameter of I Length of \ Net weight I Yield I Approximate
pump I ^ar i ie l - inches \ s t roke - I l b s I gpm I cost - Takr;

inciies *

Conventional
?,'b. G pump

U ew ?,' o. G
pump

Conventional
>'o.4 lump

Modified
No. 4 rump

p i t c h e r pump
(P.ailway Tump)
modified

3',!>

31/2

64

8

81/2

41/2

£4

66

50

54

40

5-8

5 -8

5 - 8

4 -5

4 - 6

5-6

250

3 GO

J60

230

240

* Tk.26.50 is equivalent t o one pond (£)

After making l im i t ed performance t e s t s t he UNIC13F u l t i m a t e l y

s e l e c t e d tli3 i.:ov ?To.6 'n :;.) \.'-.ich iz a "crosu'1 botv/uoa the S r t t

Pump and tae Conventional No.6 Tump ( c a l l e d Maya No.6 pump ) .

C o n t d . . . 3
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During the research and study period other modifications and

improvements made were: use of PVC bucket which las t s longer than

leather bucket and design of well with pVC pipes and screen which are

corrosion pro6f and long las t ing .

3» Ultimate aim of '?ural '.v'ells

Our ultimate aim is to serve al l rural people with safe drinking

water. To do that and considering the geophysical conditions of Bangla-

desh one tube well need not serve more than 100 people. If we propose

to supply tube well water at the rate of 10 gped ( gallons per capita

per day ) the net yield therefore of a well need be only 1000 gpd.

Allowing an equal quantity for other uses and losses, 2000 gpd yield

from a well should be considered as enough for 10 working hours.

The-average yield of a I12" well with New pump K0.6 is G gprn

(gallons per r.inute ) . Considering 6 hours total pumping period, the

yield of a well is 2iG0 gpd. At the same time the average yield of

Jump \To,4 or the modified yitchcr ; imp punping 7 hours at the rate of

5 "nn io 2100 jp;Z. Or.r neeri is only 2000 gpd. The ri tcher ;-ur.ip or ?:o.-i-

Funip is then found quite efficient to meet the requirement. This puririn

ti:;:e difference say less than 1 minute per person or between 4 to 5

minutes per day per family is negligible but economy in price is

considerable,

Fror.i the above statement, it appears that we can reduce the size

of pump and even dia;;;eter of wells in our future programme of works.

4. Economical size of well

Selection 01 proper diameter of a well is important because it

affects significantly the cost of the structure,

Tn iro-.-.r.d ""?.•'• ?r Technology and well.r;, le.i ;th of the ir-cr-.-.(?:\ ir, a

y.ioi-c- i:.:,.Oi'tn..A, :C;.c-.toi- t\:s:\ it.; :l ia:.!?te.-' in ro^^jct ox ,..,,cci:Cic ca^^cit^. .

Contd,..4
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Other tilings be ins equal, if the dia:netor of a well is doubled ( the well

screen ) it is expected to increa.se the specific capacity only about 10 '̂i.

Specific capacity of a well is i t s yield per unit of drawdown, usually

expressed as gpn per foot of ( lowering of stat ic water level ) drawdown.

This is a measure of the efficiency of a well, ./ith same length of screen

a 4 inch dia well is only 10% more efficient than a 2" dia well, though

construction cost differs about 50%. Of course there are other factors and

cri t ical design^criteria that determine the size oi1 pumped well. As such we

may further explore the possibility of reducing the present diameter of hand

pur.p tubewell x3EX*X3i&#S*KK5tK in order to reduce cost of materials of well

installation in addition to reduction in cost of hand pu:::p.

I t was observed from various sources that for ease of pumping the

normal length of stroke applied by a person is not to ba more than 5 inches.

So, in the pump "design 6 inch stroke length of the barrel may be considered

optinuun - A punp with 6 inch stroke length and 3 inch barrel diameter

capable of punp ing 5 gpm may be the opt i::,ui:i both on considerations cf

econony v.nd cr.ee of pur.iping.

The new ?'o.S ;.'u>;:p is how over not the means tc nn end for further

improvement o£ pu:.:p design. During performance some more modifications n?.y

be required, for example the shape and length of handle, head cover e tc .

3. Conclusion

In future, with the people receiving more and more doses of health

education about environmental health and developing better water use habits,

each family may feel the necessity of having a well of their own. This, in

turn will reduce the demand of public wells. Indirectly, that situation will

save lot of Govt. money spent on construction and maintenance of public wells

It is therefore, our desire to standardize hand pump tubewells in

such a manner that the coat reduces sufficiently to match the purchasing

capacity of the people and spare parts are easily available in local market.

That is the rea l i s t ic way of serving rural people with safe drinking water.

The studies, research and development, projects, nro^raevnes etc .

carricc out by i':c "̂."I'J T, u.ui.-.r Llic .'v.i;-picor. ci the .':. ,:'". Hrnglauesh r-.vo

attached.
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virnr.tionr.l Uorkshop on Hand Puiups.

ir.n.K.P. - i/.ii.n. - ioR.c.

ject s The handpuaps in West Java

Indonesia.

3rt.io:ij n;ftolo."y, topography, tierao.'jraohy, health nnd waterg&nply.

West Jcva rxca is cae of the P.6 provinces of thes Republic of Int]oac.3.tr: crx-

•0(.:--';.l!.?n 105,° U&~t to 1f'S,7.° Erst lonj^itude, 6,2 '."Jaeth to 7,<^.° South lat i tude.

T.1!-: toir.1 l̂ n<l frren is PCMS 4^.300 nq.kts.
'Xfi.'1 c-.i-.itor pert eeacifits ofac'icin of nountains fora the backbone and gone U volcs-
•sio-:.n i'X<s cricl to ba ctilll r i ld ly active.

i.est. 0":.7r, p^ovijre., hao ft rni-.-baj.' of ri\ 'crs and SCK« of which are the cnuc;c

ox' £'loo;l dirriv?^ th-3 '*(£-!('. 'r.-io^nonRj th ; period frcr.i Decsjr:b£J' to Kirch*

;-'/ .it:.i:-i cr-^o

Qoi'ics>ull7/ tU'VG :--3 no problem in the South part Fe^ordiyr; xtc^h rrcund-

Iio,?/b of the noimtcia M Ĝ  covered by tropicnl forre«i v/here fe r t i l e soils are ooiv-

tiuually rcple?-)iohsd by volcs-.nic Ectter (eruption )o

^ JJI KcnaJ*o.l the qucrtennry volctiaic region of Indonesian arcxdpolago

co.:r;iot of goo3 aquifer ur/bsi'Aal find cdfled with the fnvorable cliEintic condition

:S-.1 vegetative
Wcot tTciVa province l ies in the equator zone, lies n tropical hurdd



( a )

h^t toRTKvraturc i s experienced 2a ih-a pl^Sa dong tho ccarsi (* 30°G=» 33°
-<i\i3 \:&£K<\X3 i t ia j i l o ^ o t l y cool ( 13° C « 22° C ) .

t'fca atforsso mr&id rainfall it? 1CO0 as - 2CCO EH,

v:, c-rua rofdct^.trtg an evcrr^G of 565 rjuroons pes? s£» tea. «s ncs? 1971 cc;r.;

iil ii'~j by 23 r:lllio;i pao:.)le? oricsî  the*; £0^ live in the rurnl sre^s,

Frca trvcll'-'clci $zi?ovsxitl<x\ i.t txrj bo cst^tod tiwt the rrnta-o •• cnlc."'!

onri arc tho n;?in cmw© of sickness cncl dscth srr.onn the havs r.ote.

.•V;i.',-.txc-.x pftint.a Out t^3 p-»«:c3 for patch Kcaee attention erv.?.

lea in the ri^.^1 cro-;-ii5»

Froft t',;; 'ir>')9 suj*\rc/ of 10 prcr/inosa for csnitcry f t c i l i t i e s I t was

. tr.r.t tho pri.-^.-'.-.rn i-tiU::od the foll^rin^ co«»cc3 of water I

•-• * » • » * • « • • « » « • • » • a • « ̂ 6;v>

I t' 9 t ^ V ? « 1 f *» ff 4 P f I* 17 t / •

:^.-.r.)£ fc/c^.uK'.a::2 tMo Jc.y.--ior:r: v^'-s ifJi-leh h:̂ o e-

I 8 but mifesirtunctoly tho spa?o=»',"JQrto TJOJ.*© not fivsilabie ia

. 2n tho i-sia fi'.n) ycf>ro nlm; tho CfGTersx^t paid nor-e attontiea ia ir>>

v-i;'y?l!'2 the envi3?t>r::-::ntri ecn^ioicii ol" th'i :;-;ii>nl camunity, cad Rnny naps

h::/o hivsn nn'3 pltiniicd to bo îG"i.-:!llo d ca follou 5
1974- r>'o o , c f t .» 6 o . e« ''.500 pisr:̂ j have boca In^tollea
1975 - 197S » . . « • » • . . 3*374. P ^ P Iwva fea ^stal lciS
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I * ' • ' J » I J 1 i ^ ' r i j ftL.il} i . ' i ' * * i\ * 1 i * '1 '• ^ * / -"- * • * ' < ' '" * ^ ** * " W ' '"• - « ' • »• v'-**"^ / J-* V.1 !•- X ' •*

8 Sines 5"̂  aitt;lio3 nor i&vcoi&r^/i&ress hnxro taea nsclts
pimps, t 'io ini"oiviatfena and dates fjitfew be la ; or©
bsoed on f ie ld e;*3cri.cvuje#

1, i s ep.oy t o i n s t a l l tnd s
2 . hr.vc 1:c;cn rc-oTcn of' Ife5 di?rr:',?llif»y i n no/i

uuc'vl^i t o rxvjh;c^ û > v a t o r .
/<.. t he )>.--rn'/lc:in Ciric.rclod cylirdnr- l i n e r prr/enta n:c:tiix% of

» » « • « « e » t • # » • » • « » t • i^.j"

^ l i f t • • „ * e . . * CJ f t (nece-rcin'j ivo^}-u:^ l i f t • • „ , * , e .

'. • ' " c :'<•'• : ' o ; • • • • . • - - • » : • - • ; : > r ' ' c ( . ; • • ; ;

•.'••-:?.•••.: f . i ? c r.•::•••:;. T r v > - : ; - ? • " . ; : •=

t •• . ; - , ! • ; / • •> f •'

• ; . - v • , T . .. ; . . - ; ; w •( c ' - •: o

'..: . •.".-... ..'.-. J ' . i ^ 0 ' ! V .'.•:1.vf..i,' p. c?'.r-,».'. ,'"!i, O* J-C-"U i i

ifc 1C3

9c i3^^>=i:c-i<f! m'v? c-;;;«ly cvalln

i Ic^op r.»??:lcop but could not eonpei^s ilia ozf^iml (Srt:~a

nrs pcf&^Cu o^ locr;l hoso indu



u>

I t is k3p*d that the wsriahop wil l also di^rtuss about *
18 VIat x?otad ba the bunt n a t c r i d boiag used for paajfl i f

ur-tar lino r/yroatvo CC2, op hi;;'i eoi ini ty oy Q low p.H,

Tlsoo© ociii-litixais are csmiAavQA to bs tfco tv.ain cause or

fear Irv.
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Shallow Haridpump Design_ •' Summary

General Considerations

1 ... Pump cost should be related to the cost ox the well, and
the extent to which people depend on it for their welfare*

2o Designing a handpump tubewell is like designing a more
sophisticated water system. Many of the same factors should
be considered:- mapping the served population, (optimum
site selection, drainage considerations) ground water re-
sources (quality and quantity);, alternative sources, total
population per pump, water useage patterns5 gallons per
capita per day., peak demands} financial status ~of users/
local institutions/executing authority.

3. The output of a pump can not be considered independently
of the design and construction of the well. The latter
depends on ground water conditions (static water levels
permeability of aqujfer, variation of static water level)"
type;, diameter, slot size, open area of well screen; and
type end degree of development of the aquifer..

petting Started

h. At the outset of a new handpump tubewell programme, improving
the traditional pump design or introducing a new one nay
have high 33r.ior.ity if shallow well pumps are usually out
of order an unacceptabl;/ high % of time, (say 3OVJ) or deep
well pumps :.".o:;ie than 1CU of the tino. (The- Ir.tter because
people normally cleoo:;:! .\10rc on a deep veil pump). A relatively
small amount of tirno -.:.nc. money spent at the beginning of b.
HP TV/ programme to introduce or develop an improved pump sbouJd.
reap manifold benefits in the long run. It might even be
worth consideration delaying the construction of largo numbers
of new wells until at least an interim design is available.
('•'Why is it we always have enough time (money) to do it
over again5 but never enough to do it right the first time?").

5. It is normally preferable to separate the construction
programme from the research programme, at least to the extent
that a large programme is not held up waiting for a new design.
Better to introduce a modestly improved traditional design,,
and then introduce improved models as they become available.

6. It is usually expedient to start a•programme with a single
design to servo a variety of uses. As time goes ons specia-
lized designs can be developed for specific uses.

..2/
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7. The primary design objective is reliability. Most traditional
designs provide sufficient quantities of water-when they work.
Handpump programmes most often fail because pumps are out
of order1 too often and too long.

8. Normally, to be reliable a pump design should be simple, i.e.
few bearing surfaces, few numbers of parts, few kinds of
parts, locally replaceable spares.

9. If the handpump programme is rather large, and there' is
wide use of private handpumps and sufficient capacity for
local production, it ma]/ also be desirable to develop or intro-
duce a design which is locally reproduceable - both
technically and economically. For a large public handpump
programme;, local reproduceability may be a major objective
in order to ensure ready supply of spare parts. •

10. From the economic point of view, cost should be appropriate
to the investment in the well. Avoid exotic materials or
sophisticated technology, unless major gains in reliability-
are resulted.

Acceptability is important. The people who use, produce,
purchase, install, maintain and repair the pump should
ll b J i d

11.
p , ,
a l l be consJciered.

How to

1?.. In pump design work, start smallc Begin with existing
models. Auco^ot mode tit- improvements (larger bearing surfaces;
smooth, large dla. pivot pins) etc Experience will show
what is best. Do not make major" commitments to unproven
or inadequate designs.

13. Unsatisfactory traditional shallow well pumps can often be
made quite satisfactory by simple, .common sense design
improvements. (For deep set well pumps,, however, especially
for deep water tables of say 20 meters or more, innovative
departures from traditional designs may be necessary to
produce a reliable, economical pump).

14. Improvements can be graded as I - Urgent, Immediate"
II - as soon as practical; III - for further consideration.

I. Increased bearing surfaces, bigger, smoother pivots,
stronger structural design.

II. Simpler design, fewer parts, standard size of
fasteners, reduced weight, less expensive material.

III. More efficient, reliable valve systems, hardened bearing
surfaces, bushing or roller bearings, lubrication points,
preventing pin rotation.

... 3/
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15. Continuous observation of new or improved designs in actual
field situations (both extraordinary and normal intensity)
plus continuous observation of production processes will
reveal design weaknesses needing further modification.
Convergence towards a satisfactory design solution is a
process of trial and success/error.

16. Only intensive field testing of a new design can reveal
its real weaknesses. Mechanical tests conducted in
laboratories often do not faithfully reproduce wear
patterns produced by field use.

17. Local production problems often cannot be anticipated in
the design office. They may become apparent only after
large scale production is attempted.

Out!ine ofi_Pr_ocodures

(1) Define project goals, purpose, objectives, outputs, inputs

(2) Develop purrp design criteria

(3) Estimate basic pump dimensions, capacity

(4) Choose most appropriate materials and production process
to achieve functional goals

(5) Sketch designs

(6) Prototype samples

(7) Field tost

a) Nor;-!'.'.! use
b) Intensive use

(8) Evaluate wear patterns, performance, produceability

(9) • Redesign

(10) Repeat 6-10 until design converges on acceptable solution

(11) Working drawings

(12) Tolerances

(13) Specifications

(14) Mass production

(15) Project implementation

(16) Refinement of design

General Observations

18. Handpurnp design, or redesign, is deceptively simple. One
should proceed slowly, carefully. Systematically investigate
effects of proposed changes on production and performance.

V
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19. Handpump design is not really that difficult. After all,
the technology is relatively simple. The primary requirement
is interest, followed by perseverance, patience and a
willingness to work closely with local producers and-people I
who use and maintain the pumps. j

/
20. Pump designs can be continuously improved. "Can we do it

better? Can we do it cheaper?" Should be asked continuously.

21. Adapt the technology to the people rather than vice versa.

22. Acceptability is important. The pump should be acceptable
first of all to the users, also to producers, purchasers,
installing agency and maintenance personnel.

Product,ion of New J^oslpji

23. Traditional designs tend to be institutionalized. Great
energy is often needed, to catalyze a design improvement
programme. The prospect of large sales of the improved
design may be the only force capable of starting the process.

24. Choice of pump construction - (i.e. cast iron, fabricated
from standard fittings at a central workshop, or fabricated
of local materials at site) will depend on available
technology; materialss and skills. Local acceptability
is very important.

25. Tolerances should be neither too strict nor too lenient.
Impractical],y strict, tolerances may lead to high rates
of rejection, low rates of production,, high costs. On the
other handj tolerances must bo strict enough to assure a
relative]/-/ uniform standard of good quality, and intor-
changeability of spares and components produced at different
times and places.

26. Drawings should be produced eventually, especially if mass
production by more than one supplier is intended. But it
may be possible to do most of the R & D work with prototypes
and sketches. The use of drawings also depends on the
sophistication of the design and the general use and
comprehension of drawings in factories and workshops.

RP/psb
5.6.76


