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PREFACE 

Village water supply is one of the most important problems in developing 

countries, especially in Thailand where more than 80 percent of the population 

- live in rural villages. While people in municipal areas have been enjoying 

benefits from good quality water supply, supplies in rural communities have 

been far from adequate. 

In general, potable (drinking) water and water used for other ,domestic 

purposes may be obtained from various sources including rain water, deep 

wells, shallow wells, ponds, reservoirs, rivers and canals. Of all these 

souices, deep well water is regarded as not only the safest water from 

waterborne diseases but also the highly economical source which can be 

rapidly developed for a given community. 

In the effort to develop village water supply, more than 10,000 deep 

wells have been drilled and developed in Thailand up to the present time. 

Under the government's policy, not less than 1,000 deep wells have been 

drilled all over the country each year, and different government agencies 

are responsible for maintenance of these wells, including the Department 

of Mineral Resources, the Ministry of Industry; the Department of Health, 

the Public Health Ministry; the Office of Accelerated Rural Development 

and the Department of Public Works, the Ministry of Interior. 

Records have shown that more than 90 percent of the existing wells 

in Thailand have been installed with hand pumps which are used as a means 

to lift water from these wells. In total, about 5 million rural Thai people 

have to depend upon these hand pumps to obtain water for drinking and other 

domestic purposes. While hand pumps have become an essential part of the 

daily life of these rural people, operation and maintenance of the pumps 

have also become persistent problems needed to be solved. Having realized 

such problems, the Office of Accelerated Rural Development, with a financial 

aid from UNICEF, took an initiative to conduct a hand pump testing and 

evaluation programme to be used as a basis for improvement of hand pump design. 
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Concurrent with this study, a study on shallow well hand pumps made 

of PVC material is being undertaken by the Department of Health. Additionally, 

Asian Institute of Technology will carry out a research on design and develop­

ment of a typical hand pump which will be utilized in Thai rural communities 

in the future. The main emphasis of this study is placed on revision and 

improvement of the design of existing hand pumps, particulary the deep well 

reciprocating pump ( cylinder submerged in water ) so as to resolve current 

problems of hand pump maintenance to the maximum extent possible. 
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HAND PUMP EVALUATION AMD TESTING IN THAILAND 

FOR IMPROVEMENT OF HAND PUMP DESIGN 

1. Introduct ion 

1.1 Background Information 

The prov i s ion of c lean water for rura l areas in Thailand was 

i n i t i a t e d in 1964. In the fo l lowing year , the cabinet appointed an 

execut ive committee on t h i s matter c o n s i s u j i g of the members from 

various departments, and i t s r e s p o n s i b i l i t i e s were planning and 

execut ion of the National Rural Water Supply Programme. The taxget 

of the programme was then s e t up t o implement a plan t o supply c lean 

water t o l o c a l inhabi tants in some 50,000 v i l l a g e s throughout the 

country, by employing severa l means inc lud ing: 

(1) Shallow dug w e l l s and j e t w e l l s equipped with 

hand pumps. 

(2) Small diameter w e l l s equipped wi th hand pumps. 

(3) Deep w e l l s equipped with hand pumps. 

(4) Piped water supply. 

(5) Rainwater c o l l e c t i o n tanks . 

(6) Standard ponds. 

(7) Improvement of e x i s t i n g ponds. 

(8) Dikes and r e s e r v o i r s . 

The f i r s t phase of the plan was t o provide c l ean water t o rural 

inhabitants in 2 0 , 0 0 0 v i l l a g e s wi th in 6 y e a r s , from 1966 t o 1971, the 

l a t t e r being t h e year when the Second Nat ional Economic and S o c i a l 

Development Plan ended. The second phase of the progranme was then 

included in t h e Third National Economic and S o c i a l Development Plan, 

with the t a r g e t t o provide c lean water t o t h e remaining 20 ,000 v i l l a g e s 

during the years 1972-1976. At the end of the Third Plan, the National 

Economic and Soc ia l Development Board made a request t o the National 
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Institute of Development Administration (NIDA) for carrying out the 

evaluation of the program. Results showed that only 9.3 percent of 

rural population obtained water which is considered clean. In addition, 

it was reported that there had been several problems and obstracles 

prohibiting the project to reach its goal, and one of the causative 

factors was found to be the failure of hand pump operation. 

At the national level, the responsibility for providing clean 

water is shared by several agencies as follows:-

(a) Department of Local Administration (DQLA) 

This Department provides c l ean water t o small communities 

through various a c t i v i t i e s including p r o v i s i o n of various types 

of rainwater c o l l e c t i o n tanks , improvement of e x i s t i n g ponds, 

and ass 1stant ing in cons truct ion of sha l low dug w e l l s and j e t 

w e l l s equipped with hand pumps i n s t a l l e d by l o c a l people and 

l o c a l contractors - At the end of 1977, a t o t a l of 32,410 

shallow dug w e l l s and j e t w e l l s had been constructed . Of t h i s 

t o t a l number, 5,820 w e l l s were i n s t a l l e d with the hand pump. 

According t o the survey conducted by NIDA in the Northeastern 

region, i t appeared that as high as 3 4 . 7 percent of the hand pumps 

were inoperat ive during the i n v e s t i g a t i o n per iod. 

(b) Department of Mineral Resources (DMR) 

The Groundwater D i v i s i o n of the DMR provides c lean water t o 

rural people by means of deep w e l l s . The depth of the w e l l s 

var i e s from 100 f e e t t o 350 f e e t , with an average depth of 185 

f e e t . At the end of 1977^ t h i s Department had d r i l l e d 7 ,798 deep 

w e l l s a l l over the country, of which 9 2 . 3 percent of these w e l l s 

were equipped with hand pumps and the r e s t wi th motor pumps. NIDA 

reported that 18 .6 percent of the hand pumps i n s t a l l e d by t h i s 

Department was out of operat ion during t h e survey undertaken in 

• the Northeastern reg ion . Under the present plan, Department's 

targe t i s t o construct 1,200 deep w e l l s annually . 
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Office of Accelerated Rural Development (ARD) 

This Office was e s tab l i shed with the p r i n c i p a l po l i cy t o 

acce l era te the development in underserved areas which are now 

covering 53 provinces . I t s main tasks are t o construct access 

roads l inking v i l l a g e s in remote areas t o d i s t r i c t and t o provide 

c lean water in the underserved areas through construct ion of deep 

w e l l s , shal low w e l l s and standard ponds as w e l l as improvement of 

e x i s t i n g ponds. At the end of 1977, 2 ,376 deep w e l l s and 1,891 

shallow w e l l s equipped with hand pumps had been constructed. It 

was reported that 2 6 . 3 percent of these hand pumps were out of 

operation during the survey undertaken by NIDA. Under the World 

Bank Loan Project from 1977-1981, the ARD plans t o construct 

3 ,500 deep w e l l s and 520 shallow w e l l s t o be equipped with hand 

pumps. 

Department of Public Works (DPW) 

The Prov inc ia l Water Supply D i v i s i o n of t h i s Department i s 

a l s o re spons ib l e for construct ion of deep w e l l s t o serve people 

in rural areas in a l l reg ions expect the Northeastern reg ion. 

Up t o the present t ime, 1,971 deep w e l l s have been constructed. 

However, the data on number of broken hand pumps are not a v a i l a b l e . 

Under the current plan, targe t of t h i s Department i s t o construct 

200 deep w e l l s each year . 

Department of Health (DH) 

The Department of Health has been providing piped water 

s i n c e 1966, through the nat iona l budget, community p a r t i c i p a t i o n , 

and contr ibut ion from in ternat iona l a g e n c i e s . From 1966-1977, 

539 piped water schemes have been constructed serv ing 1 ,438 ,100 

rural inhab i tant s , which i s a small port ion when compared with 

the country's t o t a l rural populat ion. The Department of Health 

r e a l i z e d t h a t , in order t o provide more c l e a n water, a new approach 

must be considered. As a r e s u l t , the small diameter w e l l programme 

for the communities of 500-1,500 people was introduced in 1976, 
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with the UNICEF assistance. As of September 1978, 130 small 

diameter wells equipped with hand pumps have been contructed, 

and there is a plan to construct 350 small diameter wells 

equipped with hand pumps annually. 

There are also other agencies involved in the provision of 

clean water for the rural areas, but their inputs are relatively small. 

Hand pumps utilized by these agencies are of different prototypes. 

The five types of hand pumps which are widely used include: the Mineral 

Resource Department hand pump. Public Works Department hand pump, 

Health Department hand pump (Korat hand pump), ARD hand pump, local 

Administration Department hand pump. The Mineral Resources Department 

hand pump and the Public Works Department hand pump are the same 

prototype, and the Health Department, ARD and Local Administration 

Department are the Korat hand pump. Details of these hand pump types 

are given in Appendix A, and the Details Drawing are given in Volume 

2 and 3. 

Pr ob 1 em Ind ent if ic at ion 

At present, about 19,000 hand pumps have been installed all over 

the country by the government agencies mentioned previously. Based on 

the random sampling survey conducted by NIDA, it is estimated that 

roughly 5,000 hand pumps are out of operation in any given day. This 

means that a wasteful capital investment for hand pump itself will be 

approximately US$ 400,000 at a given time. Furthermore, the wells 

equipped with inoperative hand pumps will also be out of operation, 

and the capital Investment cost of the wells ranging from US$ 200-5,000 

per well will also become worthless. 

As a result of these inoperative hand pumps, the chance of supply­

ing clean water to all rural communities will be lost. Moreover, a 

great number of wells have been constructed with community participation, 

in cash or un kind or both. Hence, villagers may view the loss of 

service as evidence that their contribution was a poor investment, 

thereby losing their regard for the operating agencies. In addition, 
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the operational fa i lure of water we l l s Will certa in ly induce psychological 

e f f ec t s on the rural people, which may cause negative at t i tudes towards 

the Government as a whols. 

The major problems which have been ident i f ied t o be the causes 

of fa i lure of hand pumps can be summarized as f o l l o w s : -

(1) There are too many dif ferent types of hand pumps ins ta l l ed 

in rural communities. This r e su l t s in d i f f i c u l t i e s for the local 

authorit ies as wel l as the v i l l a g e r s t o maintain a l l of them because 

certain spare-parts of these pumps are not interchangeable. 

(2) Hand pumps are not durable enough because of incompetent 

hand pump design. 

(3) Quality of products i s not good enough due t o poor manufacture-

ing quality control . 

(4) Community part ic ipat ion in maintaining hand pumps i s 

generally lacking. 

(5) Some agencies have no maintenance uni t s and f a c i l l i t i e s of 

th e i r own for maintaining the ins ta l led pumps. Although maintenance 

units are avai lable at other agencies, the ir c a p a b i l i t i e s are insuf f ic ient 

for servicing a l l the hand pumps which are in operation. 

(6) There i s no e f f ec t i ve coordination of hand pump maintenance 

programmes among operating agencies at the grass-root l e v e l . 

(7) Most hand pumps are ins ta l led in remote areas which are far 

from the responsible agencies, thereby making i t d i f f i c u l t for the 

communities t o communicate with the agencies when maintenance problem 

occur. 

(8) Hand pump i s presently ins ta l led unproperly and not careful 

enough, result ing in serveral defects and subsequent damages of the 

pumps. 

(9) The budget al located t o each agency for operating preventive 

maintenance programmes is l imited and not adequate. 
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(10) Spare-parts are not available on provincial and loca l markets 

due to shortage of manufacturers of these parts . 

In summary, the fa i lure of hand pumps in the country i s generally 

caused by poor hand pump design, lack of e f f e c t i v e maintenance s t r a t e ­

g i e s , lack of maintenance organization at a grass-root l e v e l , f inancial 

constraint , and shortage of spare-part manufacturers. 

In order t o soJtwe the problems mentioned above a s e r i e s of actions 

have t o be taken and the improvement of hand pump design i s considered 

t o be the matter of the f i r s t pr ior i ty . In This connection, the o f f i ce 

of Accelerated Rural Development approached UNICEF for f inancial ass is tance 

for the project of t es t ing and evaluation of various types of hand pumps 

under f i e l d operations with the object ives as given below. 

Objectives of Project 

Specif ic object ives of the project are summarized as fol lows: 

(1) To study actual u t i l i z a t i o n patterns of water obtained from 

hand-pump-equipped deep we l l s . 

(2) To study performance, damages, and maintenance problems of 

various types of hand pumps which are being used in Thailand under 

actual f i e ld condit ions. 

(3) To improve i n s t a l l a t i o n , operation, maintenance, and repair 

techniques for each type of the ex i s t ing hand pumps. 

(4) To evaluated types of material used for the di f ferent types 

of the ex i s t ing hand pumps and t o compare t h e i r c o s t s . 

(5) To e s tab l i sh guidel ines for hand pump maintenance. 

(6) To improve hand pump design so that the Improved hand pump w i l l 

have the following character i s t i c s : (1) withstand vigorous operation,, ( l i ) 

operate e a s i l y , ( i i i ) perform consis tent ly with a considerable degree 

of durability., ( iv ) can be maintained loca l ly , (v) has a low investment 

cost , and (v > become more v e r s a t i l e in i t s usage. 
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3. Programme of Work of Project 

In order that the experimentation could be carried out to serve 

the objectives of the hand pump improvement project and to obtain 

data required for developing guidelines for hand pump maintenance, 

the project was divided into 10 major stages, (including(a) selection 

of sample deep wells, (b) deep well classification, -(c) preparation 

of data recording forms, (d) hand pump installation, (e) data collection, 

(f) data analysis, (g) hand pump improvement, (h) installation of 

improved hand pumps, (i) monitoring of improved pump operation, and 

(j) evaluation and report). 

The work schedule of this project is shown in Table 1. Details of 

each stage ean be described as follows: 

3.1 Deep Well Selection 

The first stage of the project was to select deep wells for testing 

which were specified to have the following characteristics:-

(1) The wells which are located in Northeastern region where the 

majority of hand pumps were installed and the degree of water vhortage 

is high and which are those considered to represent the wells existing 

in the region. 

(2) The wells from which people obtained large amounts of water 

during most of the daytime in every day. The purpose was to test the 

installed hand pumps under heavy operational loads so as to obtain 

experimental data similar to those expected to be obtained under the 

actual operating conditions, and these data would be used in improving 

the pumps to make them applicable under various conditions. 

(3) The wells which had different pumping levels ranging from 

15 feet to more than 45 feet, in order to study their performance at 

these pumping levels. 



Table 1 

Work Schedule for Study Project 

Task 

No. 

a. 

b. 

c. 

d. 

e. 

f. 

g-

h. 

i. 

J-

Description 

Selection of sample deep wells. 

Deep wells cl.a»aif ication. 

Preparation of data recording forms. 

Installation of hand pumps. 

Data collection. 

Data analysis. 

Improvement of hand pump. 

Installation of improved hand pumps. 

Monitoring of operation of new hand pumps. 

Evaluation and report preparation. 

Time Period 

1977 

J J A S 0 N D 

1978 

J 
i 

F M A M J J A S 0 N D 

1979 

J 
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The t ime period requi red fo r t h i s s tage was 3 months, dur ing 

which t h e survey was made of a t o t a l of 32 w e l l s , of which 20 we l l s 

were se l ec t ed fo r i n s t a l l a t i o n of the hand pumps t o be t e s t ed . 

Deep Well C l a s s i f i c a t i o n 

The deep we l l s s e l ec t ed fo r pump t e s t i n g were c l a s s i f i e d i n to 

5 groups according t o t h e i r pumping l e v e l s : 

(1) Group 1: wi th pumping l e v e l s l e s s than IS f e e t , 

(2) Group 2 : with pumping l e v e l s between 16-25 f e e t , 

(3) Group 3 : with pumping l e v e l s between 26-35 f e e t , 

(4) Group 4 : with pumping l e v e l s between 36-45 f e e t , and 

(5) Group 5: with pumping l e v e l s more than 45 f e e t . 

The pumping l eve l of a hand pump i s def ined as t h e s t a t i c water 

leve l plus t h e draw down water l eve l at a pumping r a t e of 5 g a l l o n s / 

minute (gpm). 

This s t age requi red approximately one month, mainly fo r reviewing 

c h a r a c t e r i s t i c s of each deep wel l from i t s record . In add i t ion , mapping 

of each se l ec t ed deep well was ca r r i ed ou t . 

Preparat ion of Data Col lec t ion Forms 

Data needed t o be co l l ec t ed were divided i n to 5 c a t e g o r i e s , and 

the corresponding da ta c o l l e c t i o n forms were prepared, as fo l lows: 

(1) The form for recording da i ly water u t i l i z a t i o n : D e t a i l s 

included in t h i s form were r e l a t e d t o hand pump opera tors (or i n d i v i ­

duals who fetched water wi th t h e aid of hand pump) such as sex, age, 

and data on hand pump opera t ion inc luding , number of opera t ing s t r o k e s , 

operat ing period in each day, and type of water used (see d e t a i l s in 

Append ix Q Form Number C- l ) . 

(2) The form for recording water u t i l i z a t i o n by each family: 

S ign i f ican t d e t a i l s of t h i s form were the number of persons in each 

family, volume of water used da i l y which was c l a s s i f i e d by type of 

water used and water sources , and means of water acqu i s i t i on (see d e t a i l s 

in Apperid-txC;Form Number C-2) 
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(3) The form for recording operating time: Data collected included 

operating time of each operator, which was needed in analysing the 

length of time an,operator had to wait before he could get water. This 

would also help in determining the appropriate number of operators per 

hand pump.(See details in Appendix C Form Number C-3) 

(4) The form for recording data on the installation of the tested 

pumps: Data required were details relating to installation of different 

types of hand pumps, including the type of hand pump, length of time 

needed for installation, static water level, and characteristics of 

wells. (See details in Appendix C Form Number C-4) 

(5) Repair report form: This form was used to gather such details 

as the date when a damage occurred, the date of commencement of repair, 

the date of completion, the total number of days needed for repair, 

the cost of accessories, details of damages found outside the hand pump 

before dismantling and of those found inside the pump after dismantling, 

(see details in Appendix C Form Number C-5) 

This stage required about one month during which training of 

personnel assigned to the data collection task was carried out. 

3.4 Hand Pump Installation 

The purpose of the study was to investigate performance of the 

different types of hand pumps, namely (i) that of the Mineral Resources 

Departmoat, (ii) that of the Public Works Department, (iii) that of. the 

ARD which is the Korat hand pump, (iv) that improvised by the ARD 

Equipment Control Division (newly invented and never been tested before), 

and (v) that which is available on market (shallow well hand pumps). 

As mentioned in Section 3.2, five groups of deep wells were 

selected for testing according to their pumping levels. Since the 

t>pe of hand pump available on market is usually used for shallow 

wells, four of these pumps were installed at the wells of Group 2 

(with the pumping levels ranging from 26-35 feet). As for the other 

types of hand pumps, four of each were installed as follows: 
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Type of Hand Pump 

Mineral Resources Dept. 

Public Works Dept. 

Korat Hand Pump 

ARD Equipment Control 

Division 

Available on market 

Number of Pumps Installed at the Groups of 

Deep Wells Mentioned in Section 3.2 

Group 1 

1 

1 

1 

1 

-

Group 2 

-

-

-

-

4 

Group 3 

1 

1 

1 

1 

-

Group 4 

1 

1 

1 

1 

-

Group 5 

1 

1 

1 

1 

-

The time required .for this stage was about two months which was 

used for teaming up personnel for hand pump installation and for 

collecting data relating to the installation. 

3.5 Data Collection 

(1) Data Collection Method 

During this stage, data were collected using the different 

data forms mentioned in Section 4.3. An official was assigned 

to each of the selected hand pump to collect data for at least 

one month in the rainy season and for another month in the dry 

season, to be able to compare deep well water utilization in 

these two season. Other necessary data, such as installation 

details and repair data, were collected at appropriate time periods. 

For example, data on pump installation were gathered while the 

installation activities were being performed. 

Besides, periodic inspections were undertaken to check 

defects of each type of hand pumps as well as to examine various 

deteriorating parts. In addition to the data collected during 

pump testing, data of other government agencies responsible for 

hand pump maintenance were requested and later used in comparison 

with the data collected during this test. 

This stage required 10 officials to work in a period of about 

three months. 
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(2) Measures Taken to Minimize Influence of Factors Affecting Hand 

Pump Testing 

The hand pump improvement project dealt primarily with field 

testing operations with the major purpose of obtaining data which 

are similar to those obtained under the actual operation of hand 

pumps as possible. However, previous experiences have shown that 

there* are several uncontrolable factors which would affect the 

testing programme, and these can be described; as follows: 

(a) Attitude of operators towards hand pumps: It has been 

found that if villagers in a community have a good attitude towards 

the hand pump, they will operate the hand pump carefully and would 

not allow children to fool around with it. Additionally, they 

would be aware of the fact that the hand pump given by government 

should belong to the public or the village, thereby requiring their 

own proper attention and maintenance. On the other hand, if 

villagers have a negative attitude towards the pump, they will 

operate the hand pump without a proper care. They would be pre­

occupied with the idea that the hand pump still belongs to the 

government and the government must be entirely and endlessly 

responsible for its maintenance. 

(b) Character of community leader: If the community leader is 

a respectable person, such as a Buddhist monk or a village headman, 

the operators (or water users) would be very careful in operating 

the pump for fear of being reproached in case they cause any 

_.._ damages to the pump. 

(c) Importance of hand pump: If a hand pump is installed 

at a community where deep well is the only water resource available, 

the hand pump would be regarded as very important, and it would 

receive good attention and care from villagers. On the contrary, 

if other water resources are also available, the importance of 

hand pump as a means of water acquisition would decrease. 

(d) Education background: The education background of 

villagers is also important to the project. In general, people 
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with a higher level of education would stand a better chance to 

understand functions of the hand pump, and some may be able to 

examine or even repair defective and/or worn out parts. This 

would enable them to carry simple maintenence or minor adjustments 

to prevent undue damages. As for villagers who have little 

education, their capability in these aspects would also be little. 

(e) Unity of village: Where the unity of a village is 

strong, villagers will share their responsibility in hand pump 

operation, and they may set up rules in using the hand pump by 

which they abide to obtain effective use of the pump. Some may 

even devote themselves to taking regular care of the pump. 

(f) Tradition and culture of community; In most villages, 

children and teenagers still pay respect to growns-up and the 

eldery. In such villages, children are generally taught not to 

fool around with the hand pumps, and damages to the pumps due to 

children are not common. 

(g) Hand pump location; If a hand pump is located at or 

near the house of a respectable person of the community or in a 

wat, villagers are likely to use water pump more carefully and 

the children will not play near the pump. In addition, this 

respectable person will usually look after and maintain the 

hand pump himself. 

(h) Number of government development projects in village: 

These projects may deal with rural youth development, occupational 

promotion, health development, and village water supply. Most of 

these projects also need cooperation from the community headman. 

In case there are too many projects in a village, the yillage 

headman would be unlikely to pay adequate attention to all of 

them. In case he disregards the importance of supply of domestic 

and portable water,hand pump maintenance may be seriously affected. 

(i) Operation of Local government agencies: Hand pump main­

tenance wilj. be carried out successfully if the responsible government 

agencies really pay attention to hand pump operation as well as 

maintenance. 
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From past experiences, i t was expected during the 

planning stage of t h i s study that the above-mentioned factors 

would l i k e l y affect r e s u l t s of hand pump f i e l d t e s t i n g t o varying 

degrees. Therefore, measures were taken during the study t o 

decrease e f f ec t s of these factors t o the maximum extent- poss ib le , 

and these measured are describes as fol lows: 

(a) There must be- no maintenance or adjustment of the 

hand pump during the f i e l d t e s t . 

(b) Vi l lagers were allowed t o used the hand pumps the 

way they used t o do before th* t e s t i n g period began, even though 

they did i t in an inappropriate or incorrect manner. Children 

were not prohibited from playing near or at the hand pump. 

(c) When any damages occurred during the f i e l d t e s t , 

the project o f f i c i a l must be informed and he was the only person 

authorized t o maintain the pump. 

3.6 Data Analysis 

All data co l lected were analysed according t o the following types 

of data: 

(1) Data Relating to Water Ut i l i za t ion: 

Analysis was made of number and type of v i l l a g e r s using 

water with the aid of hand pump operation, purposes of water 

u t i l i z a t i o n , and u t i l i z a t i o n of water obtained from other resources 

as wel l as the type of v i l l a g e r s in t h i s category. 

(2) Data Concerning Hand Pumps 

These were a l l the data required for hand pump design and 

improvement such as number of operating s trokes , hand pump per­

formance, volume of water per stroke, and repair and maintenance 

of di f ferent worn out parts of a l l types of hand pumps. 

(3) Data Relating t o Application, Maintenance and Repair 

These data comprised locat ions of the ins ta l l ed hand pumps 

and persons who were in charge of hand pump operation. 
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3.7 Hand Pump Improvement 

The major purpose of data collection and analysis for each type 

of hand pump was to find an appropriate measure to improve the pump. 

Redesign of worn out or defective parts, which depended on results 

of this study, would be aimed at meeting the following requirements: 

(1) The cost must not be much higher than the cost of the old 

parts, 

(2) Both repair and maintenance of the redesigned parts must be 

easier than before, and maintenance should require less effort or 

it should become virtually unnecessary, 

(3) The new parts must be more durable and have longer life 

than the old one if they are operated under the same conditions, 

(4) The improved parts must be able to be manufactured locally 

and/or available on the markets in provinces or districts, and the 

materials used must also be locally available, 

(5) The improved parts must be able to replace the corresponding 

unimproved parts of each type of hand pump without a need for any 

modifications of any irrelevant parts, 4 

(6) The improvement must be compatible with character of operators, 

characteristics of water, and must not create any hazards. Specifically 

speaking, the following requirements must be met: 

(i) Operating loads required must not exceed the capability 

of most hand pump operators, 

(ii) All parts must not be easily loosened or removable, in 

order to prevent the parts from being removed as a toy or being taken 

apart accidentally or unintentionally, 

(iii) All parts above the well must pose no danger to children, 

(iv) The top part of the well must be tightly closed in order 

to prevent dirt or other materials from falling into the well which 

would contaminate water or become detrimental to the well, 

(v) The hand pump handle must not be located higher than 

the average height of operators, 
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(vi) Any band pump must be able to pump water from a deep 

well of a 80 feet depth which is the average maximum pumping level 

in Thailand. 

3.8 Installation of New Improved Hand Pumps 

At each selected well, a new improved hand pump will be installed 

to replace the old one. However, the new pump is to work under the 

same conditions as the previous pump, in order to be able to compare 

the function and performance of the old and new pumps. Hence, the 

same size and length of drop pipe are to be used. For this stage, a 

period of about one month and two official teams will be required for 

installation activities. 

3.9 Monitoring of Improved Hand Pump Operation 

In the monitoring stage, efforts will be made to collect technical 

data relating to operating load, water discharge per stroke, damaged 

and worn out parts, etc. When damages, deteriorating parts, or poor 

performance of parts were found, improvement will be carried out 

immediately. Results of the improvement will then be monitored after 

the new pump has been installed. 

The time period required for this stage will be about three months 

during which inspections of the improved hand pump will be conducted 

regularly. 

3.10 Evaluation and Report 

When the improvement is found to yield satisfactory results, 

evaluation of data on the old and the improved hand pumps of each type 

will be made. In general, comparisons will be performed of the follow­

ing aspects: 

(1) Frequency and details of damages, 

(2) Worn out parts, 

(3) Prices of the old and the improved hand pumps as well as 

their parts, 

(4) >'-Tiber of parts, 

(5) Life of corresponding parts, 
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(6) Preventive maintenance including effort required for 

each maintenance, equipment and materials used for each 

maintenance operation, and preventive maintenance the 

hand pumps, 

(7) Various types of expense of hand pumps, to evaluate 

total cost, initial cost, maintenance cost and repair 

cost, and cost per hour of operation of all types of 

pumps, 

(8) Difficulty in installation and repair, 

(9) Efficiency of operation including operating load in 

each operating period, operating time for each stroke, 

etc. 

In addition to comparison among different types of the improved 

hand pumps and the old ones, the collected data will used in 

determining design criteria for the new pumps. In particular, these 

useful data included: (i) number of strokes per day, (ii) appropriate 

operating load for each stroke, (iii) appropiate height of hand pump 

handle, (iv) appropriate amount of water discharge per stroke, and 

(v) appropriate slae of cylinder. 

The final report will also include detail drawings of existing 

hand pumps and details drawing of each part of the improved hand pumps. 

Time required for evaluation and report preparation will be about three 

months. 

In summary, it required approximately one and a half years in 

carrying out this hand pump improvement project. The projarct was 

commenced in June 1977 and was continued through January 1979. 

Summary and Analysis of the Basic Data 

Data obtained after installation of various types of hand pumps 

are the basic data that had been collected after the completion of the 

fifth stage of this experimental project. Such data included water 
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u t i l i z a t i o n , hand pump operation and hand pump repair. As mentioned 

ear l i er , four pumps of each of the f i v e d i f ferent types were in s ta l l ed , 

making a t o t a l number of 20, and these pumps were used by v i l l a g e r s 

of 2,401 households (with an average household s i z e of 6 persons) in 

19 v i l l a g e s . The above-mentioned data are summarized and analysed as 

fol lows: 

4 .1 Water Ut i l i za t ion 

Water u t i l i z a t i o n in the dai ly l i f e of each family i s not only for 

drinking and domestic purposes but a l so for animal rais ing and 

plant watering which are also e s sen t ia l . The major occupations in 

these famil ies are re lat ing mainly to farming, animal raising,and 

homelot gardening. The main sources of water include rainwater, 

shallow we l l s , deep we l l s , and natural ponds. Results of the study 

have shown that deep we l l s are the most popular source of water supply 

in these areas. Water u t i l i z a t i o n can be summarized in Table 2, 

which show the following finding: 

(1) The average volume of water used for a l l purpose* wag 21 . S 

l i t r e s per household per day. 

(2) The average water used for watering plants and homelot gardens 

was as high as about 31 percent of the t o t a l water used. This i s 

due to the fact that household incomes in the study areas were r e l a t i v e l y 

low, averaging approximately 8,000 baht per year. Thus each household 

had t o depend upon crops from the i r homelot gardens as the main source 

of food supply t o reduce dai ly l iv ing expenses. 

(3) Water used for animal ra i s ing , which constituted about 18 

percent of a l l the water u t i l i z e d , was a l so important. This i s because 

most fami l ies ra i se animals mainly for t h e i r labour in farming and to 

a l e s ser extent for food supply. 

(4) Although the procedure of s e l ec t ing the deep wel ls for t e s t i n g 

led to the se l ec t ion of the 19 v i l l a g e s where amounts of water obtained 

from deep wel l s were r e l a t i v e l y large, i t was found that deep wel l water 

made up only about half of the t o t a l amount of water u t i l i z e d . This i s 



Table 2 

WATER UTILIZATION 

No. of Village ....7T. No. of Famillies f.» 

^ s . water resources 

Use of water ^ s . 

Portable 

Bath 

Washing 

For animals ra i s ing 

For plant watering 

Total 

Quamtity of water using in a day, l i t r e s 

Rain 

77.5 

12.0 

4 . 0 

-

_ 

93.5 

Shallow wel l 

4 ,150 .0 

1,946.5 

1,805.5 

2,S24.0 

5,503.0 

15,929.0 

Deep wel l 

1,922.0 

9,141.0 

5,886.5 

5,268.0 

3 ,166.5 

25,384.0 

Others 

330.0 

671.5 

408.0 

1,708.5 

7,788.5 

10,906.5 

Total 

6 ,479.5 

11,771.0 

8,104.0 

9,500.0 

16,458.0 

52,313.0 

Total % 

12.39 

22.50 

15.49 

18.16 

31.46 

100.00 
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probably because these deep we l l s , which were equipped with hand pumps, 

could not supply a l l the water needed. 

(5) With respect t o drinking water, the re su l t s show that rural 

people prefer the water from shallow we l l s t o that from deep we l l s , 

although they do rea l i ze that deep wel l waters are usually safer. 

This i s l i k e l y because they are accustomed t o the t a s t e of shallow 

well water, and most of them f e e l that deep wel l waters are not palatable. 

(6) Rainwater i s found t o be used t o the l eas t extent of a l l 

sources of water. This i s due t o the fact that i t needs somewhat 

permanent containers t o s tore the rainwater, and these containers 

are re la t ive ly expensive for most rural fami l i e s . 

4.2 Hand Pump Operation 

Operation data comprised d e t a i l s of hand pump operators (or water 

fetchers) such as sex, age, and other data re lat ing t o the operation 

including of operating strokes by each operator, number of strokes the 

hand pump was operated each day, and volume of water pumped up each 

day. The summary of these data i s shown in Table 3. 

The findings obtained from analysis of the operation data are 

interpreted as fol lows: 

(1) Most of hand pump operators, or about 85 percent, were women. 

This finding i s considered common for rural areas in Thailand where 

women have t o take care of most of household work including water 

fetching. 

(2) About one third of hand pump operators were children with 

ages below 15 years, and t h i s i s a lso normal in rural areas where most 

of children in working ages are taught t o help t h e i r parents in a l l 

a c t i v i t i e s in which they can part ic ipate . Hence, the hand pumps should 

be designed and ins ta l l ed in such a manner that they can be eas i ly 

operated by working-age children. This means that proper considerations 

should be made of the following design c r i t e r i a : the s i z e of the hand pump 



HAND PUMP OPERATION 

V i l l a g e name 
i 

NHONG KUNG KEE KUANG 

KOK SOONG 

JODE YAI 

NHONG SAUW 

LAUW NA DEE 

PIA PHARN 

NON MUANG 

NON SOM BOON (UD) 

SAVANG VA REE 

DAENG NOI 

HIN LARD 

HUEY JODE 

BAN KHENG 

BAN KAMIN 

HUEY SANOOK 

NOW SOW BOON (KK) 

SA PAN TONG 

DONG CHANG 

HUA NA KUM 

P e r c e n t 

D a i l y u s e r 

Female 

c h i l d . 

4 2 . 0 0 

0 .74 

1 0 . 4 6 

2 4 . 7 1 

2 8 . 1 2 

3 7 . 6 7 

2 3 . 5 3 

5 . 0 3 

1 4 . 1 7 

1 1 . 2 6 

3 5 . 2 3 

1 9 . 7 9 

2 . 7 7 

1 4 . 1 1 

0 . 7 8 

1 6 . 8 3 

2 5 . 2 9 

2 . 8 1 

1 5 . 1 5 

26 .29% 

8 2 . 7 

a d u l t 

8 2 . 3 8 

1 4 . 3 0 

1 3 . 2 1 

8 9 . 7 9 

7 2 . 8 8 

6 8 . 6 2 

3 7 . 78 

1 5 . 5 9 

3 5 . 0 0 

4 0 . 5 2 

6 9 . 8 2 

1 0 . 8 9 

1 3 . 4 3 

1 6 . 6 3 

1 .00 

1 7 . 0 0 

8 4 . 2 4 

1 .58 

2 4 . 6 8 

56 .43% 

2% 

ma le 

c h i l d . 

1 1 . 1 4 

0 . 0 9 

1 .90 

9 . 7 9 

8 . 0 8 

4 . 3 3 

8 .99 

1 .00 

1 .50 

1 .30 

5 .77 

1 .18 

2 . 4 0 

6 . 0 5 

0 . 8 3 

3 . 7 5 

4 . 1 4 

8 . 5 0 

5 . 1 5 

6.83% 

1 7 . 

a d u l t 

7 . 5 2 

2 . 7 8 

4 . 0 0 

2 8 . 1 3 

8 .32 

7 . 7 6 

6 . 7 0 

7 . 9 0 

1.67 

5 .44 

1 4 . 5 5 

2 . 8 6 

7 . 4 3 

1.74 

3 .74 

2 . 1 3 

6 . 1 0 

9 . 0 0 

3 . 5 3 

10.45% 

28% 

n o . o f u s e r / d a y 

a v e . 

143 

18 

30 

152 

117 

I I S 

77 

30 

52 

59 

125 

35 

2 t 

39 

6 

40 

120 

22 

49 

max. 

184 

27 

119 

189 

168 

181 

143 

49 

106 

90 

209 

75 

35 

65 

9 

68 

157 

28 

114 

min . 

83 

6 

5 

54 

80 

30 

18 

18 

13 

15 

37 

17 

10 

22 

2 

18 

52 

8 

9 

d i s t 

a v e . 

205 

103 

214 

204 

272 

134 

133 

115 

201 

131 

82 

150 

91 

203 

26 

50 

114 

200 

260 

ance (me t r e ] 

max. 

400 

400 

400 

673 

1 ,000 

280 

300 

300 

500 

300 

225 

300 

240 

800 

100 

200 

200 

250 

800 

min. 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

o p e r a t i n g s t r o k e s 

ave . 

5 ,170 

2 , 2 2 9 

2 , 1 0 3 

8 ,955 

6 , 5 5 9 

max. 

6 ,637 

3 ,950 

11,36£ 

min. 

2 ,287 

796 

446 

10 ,904 3 ,350 

9 , 0 4 8 1,411 

10 ,26613 ,084 2 ,058 

2 , 6 0 1 

1,686 

3 , 7 8 9 

5 ,144 

5 ,685 

3 , 6 9 3 

3 ,042 

1,794 

547 

3 ,752 

5 ,000 

1,293 

1 ,275 

3 , 4 4 5 

2 , 5 4 7 

7 , 0 8 8 

1 4 , 1 6 3 

9 , 9 4 3 

7 , 7 3 9 

4 , 7 0 9 

2 ,829 

1 ,433 

6 , 8 6 8 

8 , 7 8 5 

3 , 0 0 1 

2 , 9 9 1 

1,212 

995 

690 

336 

1,700 

L,772 

972 

972 

107 

L.566 

L.123 

329 

232 

Average 

Quant i t y 

of w a t e r 

( l i t r e ) 

5 ,170 

1 ,205 

1 ,137 

4 , 5 9 2 

4 , 6 8 5 

7 , 3 3 3 

1 ,561 

911 

1 ,943 

5 ,144 

4 , 0 6 1 

1,996 

3 ,042 

1,281 

281 

1,924 

3 , 0 0 0 

776 

1 ,275 

Ci 



handle assemblies, the length of the handle, and the force to be exerted 

by the operator's hand in order t o operate the hand pump. 

(3) The maximum number of operating strokes of each hand pump 

was found t o be 10,266 strokes/day, and the average was about 4,000 

strokes/day. These data are useful bases in redesigning and improvement 

of the hand pumps, and emphasis should be made t o manufacture a pump 

with low f r i c t i o n , wear and tear under the maximum operating load of 

not l e s s than 10,000 strokes per day. For example, i f a hand pump i s 

to be designed or improved t o have an operation l i f e of at l eas t 6 

months, a l l parts of the hand pump must be designed or improved t o 

withstand the maximum operating conditions of more than 1,800,000 

strokes without any damages. 

(4) The maximum walking distance from the operator's house t o 

the deep wel l was 1,000 metres. Therefore, in se lec t ing the s i t e for 

d r i l l i n g a deep wel l or for digging a shallow wel l in order t o i n s t a l l 

a band pump, the walking distance should a l so be considered as wel l . 

It i s recommended that the walking distance should not exceed 500 

metres and that the deep wel l should be d r i l l e d at or near the center 

of the v i l l a g e where the population i s dense. However, other factors 

as previously stated in Section 5 should a l s o be considered for wel l 

d r i l l i n g s i t e s e l ec t ion . 

(5) As a resul t of r e l a t i v e l y large numbers of the hand pump 

operators per day found in t h i s study, i t i s indicated that one hand-

pump-equipped deep wel l may not be su f f i c i ent for each v i l l a g e . 

Hand Pump Capability, Mechanical Character is t ics , Operating Force and 

Price of Hand Pump 

This data are summarized for each type of the tes ted hand pumps 

in Table 4 through Table 7. 

By comparison of the capabi l i ty data among di f ferent types of 

hand pumps the re su l t s can be discussed as fo l lows: 
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Table 4 Hand Pump Capability 

Type of Hand Pump 

Mineral Resources 

Dept. 

Publ ic Works Dept. 

Korat Band Punp 

ARD Equipment 

Control D i v i s i o n 

Time Use 

Sec 

30 

36 

40 

45 

Discbarge 

l i t r e 

20 

20 

20 

20 

Operating 

s troke 

20 

28 

37 

39 

Discbarge Rate 

l i t r e / m i n 

4 0 . 0 

3 3 . 3 

3 0 . 0 

2 6 . 7 

Discharge Rate 

l i t r e / s t r o k e 

1.000 

0.714 

0.541 

0.513 

Table 5 

Type of Hand Punp 

Mineral Resources 

Dept. 

Publ ic Works Dept. 

Korat Hand Pump 

ARD Equipment 

Control D i v i s i o n 

Diameter of Cylinder 

inch 

3 

3 

3 

3 

Stroke length 

inch 

6 

6 

4 

2 

Mechanical 

Advantage 

4 

4 

6 

8 
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Typ« of Haad Pump 

Mineral Resources Dept. 

Public Works Sept . 

Korat Hand Pump 

ARD Equipment Control 

D i v i s i o n 

Operating Load per Head 

in Foot of Water 

0.4815 

0.4710 

0.3226 

0.2212 

Operating Load per Head in 

Foot of Water When Mechanical 

Advantage = 4 

0.4815 

0.4710 

0.4838 

0.4424 

Table 7 

Type of Hand Pump 

Mineral Resources Dept. 

Public Works Dept. 

Eorat Hand Pump 

ARD Equipment Control 

D i v i s i o n 

P r i e s 

1,509 

1,643 

1,500 

2 , 2 0 0 

Number of Parts 

85 

96 

89 

72 
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(1) The Department of Mineral Resources (DMR) hand pump gives 

the highest water discharge not only in litres/minute but also in 

litres/stroke. This is because it has the longest pumping stroke as 

compared with those of the remaining three types. Although the DMR 

hand pump requires a longer time for each operating stroke, the pumping 

time does not vary directly with the time for each operating stroke. 

Other factors influencing the pumping time include operating force, 

mechanical advantage, pumps handle heights for operating comfort, and 

the arc swept by the end of the handle. 

(2) The ARD Equipment Control Division hand pump requires the 

lowest operating force per one foot ol the lifted water column at a 

given (adjusted) mechanical advantage. This means that this type of 

hand pump has the lowest friction losses at various contacting parts 

assuming that back leakage between the plunger and the cylinder wall 

during each pumping time is the same for all types of the tested pumps. 

(3) In addition to the analysis of the basic data as stated in 

Items (1) and (2) above, the advantages and disadvantages of cylinder 

crank and the performance of these hand pumps can be compared as follows: 

(a) Mineral Resources Department Hand Pump 

Advantages: 

(i) The air chamber helps maintain continuous flow pf water 

instead of intermittent flow. 

(ii) The hand pump handle is made of single piece of cast iron, 

with appropriate shape and size, which causes no pain to the operating 

h»nd,«and the handle is long lasting. 

Disadvantages 

(i) The contact between the axle and bushing is a direct contact 

between the two metal parts, which causes rapid wear if lubrication is 

not carried out sufficiently. 

(ii) There are several moving parts. If the axle becomes impaired 

the handle would move to and for horizontally, which would cause damages 

to other parts more easily. 


