
Domestic water considerations within large irrigation
and resettlement projects: A case study in Sri Lanka

Item Type text; Thesis-Reproduction (electronic)

Authors Myers, Abigail Ann, 1957-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:16:11

Link to Item http://hdl.handle.net/10150/277897

http://hdl.handle.net/10150/277897


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 
thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely afreet reproduction. 

In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 
the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 
continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order. 

University Microfilms International 
A Bell & Howell Information Company 

300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
313/761-4700 800/521-0600 





Order Number 134S850 

Domestic water considerations within large irrigation and 
resettlement projects: A case study in Sri Lanka 

Myers, Abigail Ann, M.S. 

The University of Arizona, 1991 

Copyright ©1091 by Myers, Abigail Ann. All rights reserved. 

U-M-I 
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





DOMESTIC WATER CONSIDERATIONS 

WITHIN LARGE IRRIGATION AND RESETTLEMENT PROJECTS: 

A CASE STUDY IN SRI LANKA 

by 

Abigail Ann Myers 

Copyright ® Abigail AnnMyers 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF HYDROLOGY AND WATER RESOURCES ADMINISTRATION 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN WATER RESOURCES ADMINISTRATION 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 9 1 



2 

STATEMENT BY AUTHOR 

This thesis has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of 
the Library. 

Brief quotations from this thesis are allowable 
without special permission, provided that accurate 
acknowledgement of source is made. Requests for 
permission for extended quotations from or reproduction of 
this manuscript in whole or in part may be granted by the 
copyright holder. 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

/fj 
K iMdihtfe ctr- y  / / r  /  ?  t  
Dr. Thomas Maddock III Date 
Professor of Hydrology 



3 

ACKNOWLEDGEMENTS 

I must first and foremost sentimentally thank my 
wonderful Sri Lankan field assistants: Karuna, Reka, 
Renuka, Prema, Indrani Malkanthi, and Sriyani Malkanthi 
Their eager enthusiasm was inspirational to me, and their 
hard and steadfast work made this thesis something I am 
proud of. Without my faithful and spirited interpreter, 
Virginia, I would have been lost. Few can be found who 
could so ably accompany me on my adventure in research. I 
am indebted to Virginia for her cooking, her humorous 
explanations of local events, and for her very hard work. 
I am also most grateful to Mr. Kingsley Thomas, the MASL 
Unit Manager of my study area and my only other English-
speaking friend or acquaintance there, and his family, for 
graciously welcoming me into their home and for providing 
me with important though sometimes confusingly alternative 
insights about life in the village. I must also 
gratefully acknowledge Karu the driver, wise, clever, 
resourceful, and always forthcoming with extraordinarily 
pertinent information. I cannot express my gratitude and 
affection to the Selvaratnams, who made me feel a part of 
their warm, delightful family when I worked in Digana. I 
thank Tim, for his constant support and help throughout 
often adverse conditions. 

I would like to express my great appreciation to 
Dr. Helen Henderson, coordinator of the Women In 
Development Project for the U.S. Agency of International 
Development at the University of Arizona, who made it all 
possible. I am grateful to the Government of Sri Lanka 
and the many officers of the Mahaweli Authority of Sri 
Lanka for approving and supporting my project, and I 
sincerely hope that I have made some small contribution to 
people in Sri Lanka. I am indebted to all of the esteemed 
associates of the International Irrigation Management 
Institute whom I met in Digana. Though I found much of 
their advice confusing and difficult at first, I have 
found that their instruction and comments were 
indispensable to the ultimate accomplishment of conducting 
and presenting my research. I am also grateful to the 
friendly and helpful people at the Danish International 
Development Agency and at the Chinese Experimental Farm 
for their help with water quality analysis. 

Lastly, I thank the members of my Thesis 
Committee: Doctors Thomas Maddock III, Donald Davis, 
Michael Bradley, and especially Juan Carlos Lerman, who 
made me finally finish this thing. 



4 

TABLE OF CONTENTS 

Page 

LIST OF TABLES 9 

LIST OF ILLUSTRATIONS 10 

ABSTRACT 11 

1.0 CHAPTER ONE: INTRODUCTION 12 

2.0 CHAPTER TWO: BACKGROUND 18 

2.1 Geography 18 

2.2 Cultural Background and History of Water 
Management in the Dry Zone 22 

2.2.1 Centrally Managed Water Development 23 

2.2.2 Village Water Management Systems 27 

2.3 Modern Irrigation Development 30 

2.3.1 Mahaweli Development Scheme 32 

2.3.2 Study area 39 

2.3.2.1 Palugaswewa 44 

2.3.2.2 Hurigaswewa 46 

3.0 CHAPTER THREE: DOMESTIC WATER SUPPLY 48 

3.1 Geology 48 

3.2 Climate 53 

3.3 Hydrology 54 

3.3.1 Surface Water 54 

3.3.2 Surface Water Quality 57 



5 

TABLE OF CONTENTS - Continued 

Page 

3.3.3 Surface Water Quality Sample Descriptions . . 60 

3.3.3.1 Main Canal, Palugaswewa (PMC): 
Sample No. 1 60 

3.3.3.2 Kala Oya, Hurigaswewa (KO): 
Sample No. 2 61 

3.3.4 Groundwater 63 

3.3.5 Groundwater Quality 70 

3.3.6 Groundwater Quality Sample Descriptions ... 79 

3.3.6.1 Junction well, Palugaswewa (PJW): 
Sample No. 3 79 

3.3.6.2 House No. 90, Palugaswewa (P 90): 
Sample No. 4 81 

3.3.6.3 House No. 77, Palugaswewa (P 77): 
Sample No. 5 82 

3.3.6.4 House No. 71, Palugaswewa (P 71): 
Sample No. 6 83 

3.3.6.5 House No. 108, Palugaswewa (P 108): 
Sample No. 7 85 

3.3.6.6 House B, Palugaswewa, (P B): 
Sample No. 8 86 

3.3.6.7 House No. 58, Palugaswewa (P 58): 
Sample No. 9 87 

3.3.6.8 House No. 120, Palugaswewa (P 120): 
Sample No. 10 88 

3.3.6.9 House No. 120p, Palugaswewa 120p): 
Sample No. 11 89 

3.3.6.10 House No. 4, Hurigaswewa (H 4): 
Sample No. 12 91 



6 

TABLE OF CONTENTS - Continued 

Page 

3.3.6.11 House No. 2, Hurigaswewa (H 2): 
Sample No. 13 91 

3.3.6.12 House No. 26, Hurigaswewa (H 26): 
Sample No. 14 92 

3.3.6.13 House No. 48, Hurigaswewa (H 48): 
Sample No. 15 93 

3.3.6.14 Junction well, Hurigaswewa (H JW): 
Sample No. 16 94 

3.3.7 Conclusions 94 

4.0 CHAPTER FOUR: DOMESTIC WATER UTILIZATION ... 97 

4.1 Surface Water 100 

4.1.1 Main Canal, Palugaswewa 101 

4.1.2 Distributary Canals 105 

4.1.3 Hurigaswewa Tank 107 

4.1.4 Kala Oya 109 

4.1.5 Conclusions ...... 112 

4.2 Groundwater 113 

4.2.1 Junction well, Palugaswewa, (PJW) 121 

4.2.2 House No. 58, Palugaswewa (P 58) 123 

4.2.3 House No. 108, Palugaswewa (P 108) 124 

4.2.4 House No. 120p, Palugaswewa (P 120p) .... 125 

4.2.5 House No. 71, Palugaswewa (P 71) 126 

4.2.6 House No. 4, Hurigaswewa (H 4) 127 

4.2.7 House No. 2, Hurigaswewa (H 2) 127 



7 

TABLE OF CONTENTS - Continued 

Page 

4.2.8 House No. 99, Hurigaswewa (H 99) 128 

4.2.9 House No. 106, Hurigaswewa (H 106) 128 

4.2.10 House No. 5, Hurigaswewa (H 5) 129 

4.2.11 House No. 48, Hurigaswewa (H 48) 129 

4.2.12 Junction Well, Hurigaswewa (HJW) 129 

4.2.13 House No. 98, Hurigaswewa (H 98) 130 

4.2.14 Summary 130 

5.0 CHAPTER FIVE: DOMESTIC WATER MANAGEMENT .... 136 

5.1 Management Levels and Objectives 136 

5.1.1 Agency Management of Domestic Water 137 

5.1.2 Local Management 140 

5.1.3 Irrigation Management 144 

5.2 Domestic Water Management Assessment 145 

5.2.1 Water Quality 145 

5.2.2 Water Quantity 153 

6.0 CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS . 155 

7.0 APPENDICES 164 

7.1 APPENDIX A: INTERVIEW RESULTS (Available 
upon request) 165 

7.2 APPENDIX B: WATER QUALITY ANALYTICAL 
RESULTS 166 



8 

TABLE OF CONTENTS - Continued 

Page 

7.3 APPENDIX C: DOMESTIC WATER SOURCE 
INVENTORY 171 

7.4 APPENDIX D: ENUMERATION DATA (Available upon 
request) 184 

7.5 APPENDIX E: ARRIVAL TIMES AT SURFACE WATER 
SOURCES 185 

7.6 APPENDIX F: VISITOR AGE AND GENDER AT SURFACE 
WATER SOURCES 191 

7.7 APPENDIX G: ARRIVAL TIMES AT GROUNDWATER 
SOURCES 197 

7.8 APPENDIX H: VISITOR AGE, GENDER AND COLLECTED 
VOLUMES AT GROUNDWATER SOURCES 208 

7.9 APPENDIX I: LIST OF HOUSES REPRESENTED AT 
SURFACE WATER SOURCES 219 

7.10 APPENDIX J: LIST OF HOUSES REPRESENTED AT 
GROUNDWATER SOURCES 232 

7.11 APPENDIX K: FORMAL INTERVIEW QUESTIONNAIRE . 238 

8.0 REFERENCES 250 



9 

LIST OF TABLES 

Page 

Table 1. Study Area Demographic Statistics .... 43 

Table 2. Average Water Levels and Declines with 
Soil Type 68 

Table 3. Soil Type and Water Use 71 

Table 4. Soil and Well Types from which Groundwater 
Samples were Collected 74 

Table 5. Groundwater Quality Statistics 75 

Table 6. Surface Water Enumeration Summary .... 102 

Table 7. Well Type and Water Use 115 

Table 8. Well Types Enumerated 116 

Table 9. Groundwater Enumeration Summary 117 

Table 10. Womens' Workloads: Interview Results. . .142 

Table 11. Well Types, Uses, and Soil Types 147 

Table 12. Precipitation and Incidence of 
Diarrhea 150 



10 

LIST OF ILLUSTRATIONS 

Page 

Figure 1. Sri Lanka 19 

Figure 2. The Mahaweli Development Scheme 33 

Figure 3. Study Area 40 

Figure 4. Soil Map 51 

Figure 5. Land Surface Contour Map 52 

Figure 6. Water Table Contours 56 

Figure 7. Water Quality Tested Locations 58 

Figure 8. Trilinear Diagram of Water Quality 
Tested Locations 62 

Figure 9. Well Locations 65 

Figure 10. Soil Types and Drinking Wells 72 

Figure 11. Enumeration Points 99 

Figure 12. Water Volume Carried to the Home 
vs. Distance to Source 134 

Figure 13. Log-Log Graph of Water Volume Carried 
to the Home vs. Distance to Source ... 135 

Figure 14. Precipitation vs. Diarrhea 151 

Figure 15. Curvilinear Regression of Diarrhea 
Cases vs. Precipitation Lagged by One 
Month 152 

Figure 16. Residuals of the Curvilinear Regression 
Shown on Figure 15 152 



11 

ABSTRACT 

Domestic-water supply, utilization and management were 

characterized within the Mahaweli Irrigation and 

Resettlement Scheme in Sri Lanka. The domestic-water 

system in a village that had been newly constructed and 

resettled under centralized management was compared to that 

in a neighboring ancient village. Availability and quality 

of domestic water were linked to irrigation supply and 

local hydrogeology. Utilization depended on the water 

supply's taste, flow and accessibility. 

Soils and more reliable recharge sources in the 

ancient village contributed to a better domestic-water 

situation. Agency-protected groundwater sources more often 

went unused in the new village because the area produced 

poorer quality and availability of groundwater. Surface-

water sources were likewise less reliable in the new 

village. Consequences of poor siting included increased 

workloads and health risks for domestic-water users. 

This thesis presents domestic-water considerations 

that must be incorporated into the planning of large 

irrigation/resettlement projects. Simple hydrologic 

investigations and utilization of local knowledge and 

participation can assist planners and managers to provide 

villagers with safe, acceptable and reliable domestic 

water. 



12 

1.0 CHAPTER ONE 

INTRODUCTION 

Construction and expansion of irrigation systems 

are often important components of development efforts in the 

Third World. Such development may involve extensive 

relocation of families who are enticed or required to farm 

or benefit from newly improved productive lands. Water 

resources in minimally productive regions can be a limiting 

factor to sustaining increased populations. Irrigated 

agriculture allows large and frequently dense populations, 

and water must accommodate both agricultural and domestic 

needs. However, Third World investments in drinking water 

supplies have been minuscule when compared with irrigation 

investments. 

If water distribution systems are not designed to 

accommodate multiple water needs when local supplies are not 

available or are insufficient to meet growing demands, they 

will be modified to do so out of necessity by those in need. 

It is estimated that over 95% of all irrigation systems are 

also utilized for non-agricultural purposes (Yoder, 1981). 

Resettlers who must adapt to inadequate provisions for 

domestic water may be consequently subjected to a variety of 

hardships. These may include unhealthy conditions, 

increased non-paid workloads, and decreased available time 
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for that work which is economically productive. 

An irrigation/resettlement project in the Dry Zone 

of Sri Lanka was selected for the author's research. The 

scheme was designed, constructed and is managed by the 

Mahaweli Authority of Sri Lanka (MASL). The project 

exemplifies a massive effort to resettle and develop a 

relatively dry portion of the country for irrigated 

agriculture. The primary purpose for water imported to the 

Mahaweli irrigation and resettlement project is to increase 

agricultural production. Irrigation development objectives 

professed by the country are to increase food production to 

alleviate the unfavorable balance of payment situation, 

reduce high unemployment and underemployment, and improve 

income distribution (Patrick, 1983). 

The author hypothesizes that sufficient attention 

was therefore not accorded to domestic water needs, and 

domestic water systems were largely a consequence of the new 

irrigation supply or its design. This hypothesis is 

affirmed in general by Yoder (1981) whose exhaustive 

literature search confirmed the thorough 

compartmentalization of water resources development. Yoder 

states that: 

"Irrigation is dealt with exclusively for 
agricultural production purposes. Water supply 
literature deals primarily with domestic needs and 
to a lesser extent with animal and industrial 
requirements. General information papers do 
reference the fact that irrigation projects in 
developing countries nearly always combine the 
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provision of domestic supplies with water for 
irrigation.... Since intensive and widespread non-
agricultural uses of systems are observed, it must 
be assumed that either the users informally 
develop their own patterns or that the inclusion 
of structures and design modifications to allow 
such use are completed in the country and found 
not worthy of reporting and are treated as 
unquantified benefits" (Yoder, 1981). 

A great deal of literature concerns water supply, 

development and management for power, irrigation and flood 

control. Important works have also been written regarding 

domestic water supply, use and related issues. Most notable 

among the latter includes the comprehensive work by White 

et. al. (1972). White's study was primarily conducted in 

East Africa, but its relevance to much of the Third World is 

great and comparison with this thesis is suggested. Many 

international agencies have also sponsored studies regarding 

domestic water supply and health (Elmendorf, 1981; 1980). 

An interesting study specific to Sri Lankan domestic water 

issues was done by Fernando (1984), though this work 

pertained to the Wet Zone. Limited concerted attention 

appears to be given to the possibilities and consequences of 

the multiple-use of water development efforts. 

The present study was therefore focused on quantifying 

uses of a state-designed and managed irrigation system for 

domestic-water needs. Secondly, this thesis explores 

societal ramifications of the multiple use of water 

distribution systems that were designed primarily to serve 
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agricultural needs. Factors evaluated included domestic-

water availability and quality, distance traveled by 

villagers for domestic water, volume collected per family, 

and domestic-water-related disease. Finally, 

recommendations for planners that might result in improved 

effectiveness of investments made for domestic water are 

suggested. These may contribute to the expansion of 

benefits derived from the massive investments currently made 

for irrigation. 

The field research for this thesis was conducted with 

the assistance of seven native women in a small area within 

the Mahaweli Development Project. Two neighboring villages 

were studied intensively. Palugaswewa is a newly settled 

village that was designed by the MASL and inhabited 

primarily by resettlers. Hurigaswewa is an ancient or 

Purana village that has been inhabited since ancient times, 

subsisting on locally managed irrigation and management of a 

small tank or reservoir, which has been incorporated into 

the Mahaweli Development scheme. The field study was 

conducted during the dry season following the Yala monsoon, 

between June and September, 1986. Literature on historical 

and current irrigation and domestic water issues in Sri 

Lanka was reviewed. 

Chapter 2 briefly describes the history of water 

management and traditional water management systems in Sri 

Lanka. This information is presented as a background for 
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understanding issues and considering alternatives that might 

be most adaptable and acceptable by Sri Lankans. The 

geography and demographics of the study area are also 

described in Chapter 2. 

Chapter 3 discusses domestic water supply in the study 

area. The geology, climate, and hydrology of the study area 

are described. These are also significant for planning and 

solving site-specific problems. Results are presented from 

a simple hydrologic investigation that was conducted to 

identify, quantify and qualify domestic-water sources in the 

study area. All domestic-water sources in the study area 

were identified and mapped. 

Chapter 4 provides a detailed description of domestic-

water utilization in the study area. Data are presented 

regarding the particular uses and the domestic-water users 

at representative sources that were observed and enumerated. 

Formal and informal interviews were conducted with villagers 

to identify issues related to domestic water. Results from 

these interviews are discussed. 

Chapter 5 focuses on the management of domestic water, 

the factors that affect the management of domestic water, 

and the effectiveness of management efforts and investments 

in domestic water and settlement planning. Three levels of 

management are discussed as relating to the domestic water 

system: The state development agency has made investments 

for a certain level of domestic water assistance, villagers 
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have made certain provisions for themselves, and management 

of the irrigation system has an important influence on the 

domestic-water system. Factors used to evaluate 

effectiveness included: utilization of agency-provided 

wells, consequences of villages sited poorly in terms of 

domestic-water supply, and water-related health issues that 

domestic-water provisions were designed to alleviate. 

Chapter 6 presents the author's conclusions: A 

holistic approach to water development design, 

implementation and management is recommended. The simple 

methodology used in the study is offered to planners as a 

rapid and inexpensive assessment of resources, community 

needs, and alternatives. Acknowledgement and consideration 

of multiple uses of irrigation systems are encouraged for 

meeting the additional domestic water needs brought about by 

the concomitant increased population density. Management of 

the domestic-water system may be enhanced by users' active 

participation and utilization of local knowledge. Effective 

domestic water management should involve appropriate 

assessment and utilization of financial, human, and water 

resources. Adequate attention must be given to health and 

social factors that relate to maximizing the benefits of 

domestic-water systems. 
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2.0 CHAPTER TWO 

BACKGROUND 

This chapter presents background for the thesis. 

The first section describes the overall geography of Sri 

Lanka. Next, a brief summary of Sri Lanka's history and 

culture of water management is presented. An understanding 

of historical information and cultural propensities towards 

water management is necessary for planning and implementing 

appropriate actions. Modern water development efforts are 

then described, as this is the context in which the study 

was conducted, and in which development actions will be 

taken. Finally, specific information regarding the study 

area, its demographics, and villagers' lifestyles is 

presented. 

2.1 Geography 

Sri Lanka is a small island nation located just 

off the southeast tip of India (Figure 1). The island sits 

about 500 miles north of the equator between 6° and 10° 

North. The land area of Sri Lanka is 25,332 square miles, 

about the size of Ireland. Average temperatures are warm 

and range from 62° to 80° Fahrenheit. 
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Sri Lanka is a democratic socialist republic with 

a population of about 17 million. Of the Less Developed 

Countries its standard of living is relatively high. 

Eighty percent of the population is literate. The economy 

is primarily agrobased. 

The south-central portion of the island is 

mountainous. This mountainous region constitutes about 

one-fifth of the total land area. The remaining area is 

coastal plain which falls abruptly on all sides except to 

the southwest where the descent is more gradual. The 

gently undulating coastal plain is narrow in the southwest 

and east but is broad in the north. Two major rivers flow 

from the central mountains toward the coastal plains, and 

these are currently being developed for power and 

irrigation: The largest is the Mahaweli Ganga which flows 

to the northeast, and the Gala Oya flows to the southeast. 

The island is divided into a "Wet Zone" and a 

"Dry Zone." The Wet Zone constitutes about 30% of the 

total land area and includes the southwestern coastal plain 

and the western part of the central highlands. This region 

is lush and humid, receiving from 100 to 200 inches of rain 

annually. The Dry Zone is located in the northern, central 

and eastern areas. Annual rainfall in the Dry Zone is 

between 50 and 75 inches. The Dry Zone is characterized in 

this way because of prolonged dry spells. An intermediate 
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zone lies between the Wet and Dry Zones and receives about 

75 inches of annual rainfall. 

The population is most densely concentrated in the 

Wet Zone. Modern development of irrigation and resettlement 

projects in the Dry Zone have led to population increase of 

more than 100% since 194 6 (De Silva, 1977). Currently about 

one-third of the population inhabits the Dry Zone 

(Goonasekere, 1985). 

A southwest and a northeast monsoon provide most of the 

precipitation on the island. The monsoons provide moisture 

for two separate cropping seasons that are named for the 

monsoons. The southwest Yala monsoon begins in March and 

lasts through April, bringing heavy rains to the Wet Zone. 

The Yala cropping season lasts through September. The Yala 

monsoon does not provide much precipitation to the Dry Zone 

so irrigation there is vital during this cropping season. 

The northeast monsoon begins in October and lasts 

through December. This monsoon brings most of the annual 

precipitation to the Dry Zone, providing heavier and more 

consistent rainfall than the Yala monsoon season. The Maha 

monsoon corresponds with the Maha cropping season which 

lasts from November till March. This cropping season is the 

more successful cropping season in the Dry Zone. More than 

twice the area that can be cultivated in paddy in the Yala 

season is cultivated during the Maha season (Ganewatte, 

1986). 
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The soils and climate in Sri Lanka are favorable 

for a variety of tropical crops including the well-known 

spices and tea, coffee, fruits, rubber, coconut, chilies and 

rice. Rice is the staple food of the population. The Dry 

Zone of Sri Lanka affords poor natural fertility. The land 

can be brought into successful production however, as 

evidenced by massive, abandoned irrigation networks that are 

known to have supported a large population in ancient times. 

About 83% of the approximately 1,729,700 acres of irrigable 

land is sown with rice. About 74% of the total sown area, 

or about 1,067,500 acres, is irrigated and about 26% of the 

total cultivated area is under rainfed conditions 

(Ganewatte, 1986). 

2.2 Cultural Background and History 
of Water Management in the Drv Zone 

Aboriginal hunter-gatherers were marginalized by 

immigrations of people from India that began in the fifth 

century B.C. Since then the island has seen a complete 

range of development. A civilization with a population as 

large as that existing today thrived in the Dry Zone in 

ancient history, well fed and highly cultured. Irrigation 

systems have historically played a significant part in the 

success or failure of the island to provide prosperity for 

its people. 

The first immigrants to Sri Lanka established 
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widely scattered settlements primarily throughout the Dry 

Zone. Villages or tribes were interdependent as cultivation 

developed and was extended through the process of expanding 

irrigation facilities. Channels were cut from rivers and 

reservoirs or wewas were built to control water. The 

beginning of a flourishing and autonomous civilization dates 

from the third century B.C. 

Two distinct categories of water management works 

developed, and have remained since ancient times: Large 

major reservoirs that feed extensive networks of canals are 

developed and managed by central government, and small 

reservoirs or tanks are locally managed to support 

individual self-sufficient villages. 

2.2.1. Centrally Managed Water Development 

Various Sinhalese Kingdoms covered the Dry Zone in 

ancient history. These civilizations are noted for enormous 

creativity in irrigation technology and extraordinary 

agricultural progress despite an unstable political 

structure (De Silva, 1981). Transbasin canal systems were 

developed to augment smaller tank- or wewa-supplied 

networks. Early historical accounts of the 

Anuradhapura period recorded that the Mahaweli Ganga was 

diverted during the first century A.D. to feed large scale 

irrigation works (De Silva, 1981). 

Hydraulic bureaucracy was quite extensive by the 
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tenth century when the irrigation network was the largest 

and most highly developed. Ancient Sri Lanka was the most 

technologically advanced hydraulic civilization in the 

pre-modern world (Murphy, 1957). The vast irrigation works 

enabled the production of two or three crops a year, were 

able to maintain a large non-agricultural sector, and to 

sustain a vibrant and dynamic civilization. 

Feudal structure and a function- or 

economically-based caste system was strengthened with the 

maturation of the island's hydraulic society (Grossholtz, 

1984). Social and political orders that developed reflected 

the need to provide community labor for the constant 

attention that the irrigation works demanded. Local, 

communal, and monastic initiatives were at least as 

significant as the state's enterprises to construct and 

maintain irrigation and water management systems (De Silva, 

1981). Regular political turmoil and weak central authority 

may have fostered local initiation of strong and permanent 

institutions that were capable of sustaining the vast 

irrigation network that spread over the Dry Zone. These 

resilient local structures may account for the extremely 

productive and expansive economy of the period (De Silva, 

1981; Wittfoggel, 1957). 

By the eleventh century, droughts, severe Southern 

Indian military pressure, frequent civil war, and turmoil 

disrupted the effective functioning of the irrigation works. 



Revitalization of the economy and the irrigation works that 

had begun to deteriorate, began in A.D. 1186 with the onset 

of the Polonnaruwa period. The works were revitalized to 

become even more extensive than previously, though activity 

was apparently too frenetic, and the island's resources were 

over-extended in this attempt (De Silva, 1981). During the 

Polonnaruwa period, the kings were powerful enough to 

actually over-centralize their administrations. This 

over-centralization may have had a deleterious effect on 

local initiatives so that when royal authority collapsed at 

Polonnaruwa, administrative units in the outlying regions 

could not maintain the irrigation network (De Silva, 1981). 

By the thirteenth century the island suffered 

again from severe droughts. The ancient Sinhalese kingdom of 

the Dry Zone collapsed by A.D. 1250. This time the 

destruction was irreversible. It is theorized that the 

sophisticated mechanism necessary to control such intricate 

irrigation networks must have contained some inherent flaw 

that weakens the system with time (Murphy, 1957). 

The Dry Zone and the vast irrigation networks 

there were soon abandoned and the population that remained 

became impoverished. Much of the Sinhalese population 

retreated to the Wet Zone. The Tamils from Southern India 

became concentrated largely in the northern Jaffna peninsula 

area where sufficient and attainable groundwater made 

irrigation possible. Malaria in the Dry Zone soon followed 
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as the abandoned tanks provided ideal breeding grounds for 

mosquitoes. This provided an obstacle to any recuperation 

of the Dry Zone's productivity. Malaria in the area 

continues to be a problem today. From this time to the 

arrival of European colonialists (circa A.D. 1500) the 

economy was primarily based on rainfed subsistence 

agriculture. Agricultural production declined as did the 

population. 

The succession of Portuguese, Dutch, and finally 

English colonial rule disrupted and distorted Sri Lanka's 

previously self-sufficient economy and agriculture even 

further (Grossholtz, 1984). The earliest attempt to 

reestablish settlements in the Dry Zone was in 1890 when a 

few settlements were started in the Kala Wewa area. These 

efforts were total failures due to epidemics of malaria. 

Aided settlements that were first started in 1932 made slow 

progress as well, primarily because of the incidence of 

malaria. 

In 193 5 the Land Development Ordinance was passed 

in response to peasant outcry over substantial land losses 

in the Wet Zone. The measure was initiated to provide state 

lands in the Dry Zone to peasants for irrigated agriculture, 

as compensation for the land that had been appropriated by 

the British government for state-owned plantations. In 

1939, resettlement programs increased with expanded 

assistance from the colonial government. Farmers were 
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allocated five-acre units of irrigated lowland and three 

acres of highland for homesteads. Thus began the modern era 

of irrigation development in Sri Lanka (Grossholtz, 1981). 

The pace of successful Dry Zone settlement 

increased with the substantial eradication of malaria in the 

mid-1940's. In 1948 what was then known as Ceylon emerged 

independent from four centuries of colonial rule. A 

sophisticated and highly competitive political system has 

since evolved with rapidly increasing political awareness 

and participation. Successive governments have placed 

increased priority on improving and expanding irrigation 

mainly of rice and chilies, and repopulation of the Dry 

Zone. The heaviest investment of public funds during the 

past 50 years has by far been in irrigation and land 

development (Goonasekere, 1985). 

2.2.2 Village Water Management Systems 

A communal system of irrigation and water 

management had developed by the second century B.C. 

Diverted water was used to irrigate low-lying areas for 

paddy. Upland areas were cultivated for subsidiary food 

crops in gardens and by chena or shifting, slash-and-burn 

agriculture. 

Small pockets of population called Purana villages 

have remained in the Dry Zone since the abandonment of the 

extensive irrigation systems in the thirteenth century. 
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Villages in the Dry Zone are centered and dependent on 

functional wewas, which are earthen dugouts or impoundments 

built to capture seasonal precipitation and runoff. Most 

village names in the Dry Zone end with the suffix "-wewa" 

because they are named for the tanks that support them. 

Nearly 40,000 village wewas were developed over the years. 

Some of the village systems were tied into a larger system 

but many were totally independent. Today there are about 

7000 village wewas in use (Wijetunga, 1986). Almost all 

have ancient origins but many have been abandoned at one 

time or another and restored. Properly sited tanks that are 

capable of retaining water year-round are most likely to 

have been consistently used since ancient times. Some of 

these Purana villages have been reorganized or altered by 

state development efforts. 

The tanks are traditionally managed by villagers 

to provide dependable water supply for agricultural and 

daily domestic water needs. The economy and size of each 

self-sufficient village is limited by the availability of 

water. If the population grows beyond that which can be 

supported by the wewa, the excess migrates to find an area 

that can (Leach, 1961). Leach suggests that by 1954, the 

population of the Dry Zone was approaching the maximum that 

could be supported by natural water supply alone. 

Leach describes a typical village in the Dry Zone 

as consisting of a small tank and an enclave of houses 
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clustered near the berm of the tank, surrounded by gardens, 

fruit and coconut trees, and areas for livestock grazing. 

Outlying areas are used for chena. The tank is used for 

bathing, washing clothes and wallowing livestock. Seepage 

from the tank provides water to shallow, unprotected wells 

located near the tank bund, from which drinking water is 

obtained. Below the tank lies the paddy field which is 

divided into multiple plots. Tank water is conveyed to 

household gardens and to irrigated fields through a sluice 

and ditches. Each farmer owns a certain share of the water 

in the tank and may use it to irrigate any of several plots 

that might be located at different distances from the tank. 

The diversion system might be such that only the head-end 

plots can receive water when the water level in the tank is 

low. 

Social hierarchy is based on the wewa. Farmers in 

a village belong to a single cultivator caste and usually 

comprise a single kingroup. The farmer caste is the highest 

in the caste hierarchy in Sri Lanka. Water management 

decisions are made within this socially homogenous group. 

The timing and quantity of water diversion from the wewa for 

example, are collectively determined so that the water 

supply will sustain seasonal water needs for multiple 

purposes. Final say on agricultural practices, especially 

as related to water management, is with the most experienced 

farmer and usually the largest land owner among the farmers, 
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the Gamarela or Village Headman, later called the Vel Vidane 

or Irrigation Headman. This leader has exclusive control of 

the tank's sluice and also collects taxes, settles disputes, 

supervises water allocations, and organizes maintenance of 

the tank and channel system. 

2.3 Modern Irrigation Development 

Modern irrigation development in the Dry Zone is 

founded on the remnants of the ancient system. 

Reconstruction and rehabilitation of the tanks, land 

development, and resettlement of landless people were the 

initial goals of the Dry Zone development. Efforts during 

the 1940's and 50's were in response to growing population 

pressure in the Wet Zone, landlessness and the favorable 

trade balance of the post-war economy of the country. 

Little or no attention was paid to the management 

or the actual end use of the water by the farmers, however. 

Water management became problematical, and overuse and 

wastage of irrigation water by farmers with good access to 

irrigation water was common (Chambers, 1975). Less 

fortunate farmers were subject to water shortages and 

resultant poor yields, and income discrepancy among farmers 

grew. High maintenance expenditures and increasingly heavy 

investments made for new irrigation development activities 

added to a burdened economy when the country suffered from 

an unfavorable trade balance during the 1960's and 70's 
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(Ponnambalam, 1981). 

The State then focused on the goal of achieving 

self-sufficiency in rice production. Irrigation management 

for higher productivity levels, and reallocation of the full 

benefits of investments on irrigation became a major 

national concern owing to the above-mentioned problems. 

Numerous remedial measures were implemented to alleviate 

farmers' economic and agricultural problems. Attempts to 

improve irrigation management by organizing farmer groups 

included the establishment of cultivation committees headed 

by officials of the Irrigation Department and related 

government bureaucracies. Poor performance in terms of 

efficient use of water and providing the intended benefits 

to farmers however, continues to be a topic of much concern 

and attention. 

Many of these current water use problems derive 

from rapid resettlement, subsequent breakdown of social 

cohesion, and problems of ecological adaptation of the 

settlers to the Dry Zone environment (Patrick, 1983). 

Resettlers for example, form a heterogeneous group because 

they are selected for varying reasons, and there is little 

or no social integration among newcomers and Purana 

villagers (Farmer, 1957). Increased attention to social 

needs and community development has therefore been 

emphasized in the most recent efforts including the Mahaweli 

Development Project, which is the subject of this thesis. 
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2.3.1 Mahaweli Development Scheme 

The Mahaweli Development Scheme is one of the 

largest hydroelectricity and irrigation projects in the 

world. Water diverted primarily from the Mahaweli Ganga and 

its tributaries is used to augment water supply to renovated 

tanks in the north central Dry Zone in order to provide a 

stable water supply for year-round cultivation. Vast 

amounts of land are being developed for new settlements. 

Planning of the scheme began in the 1960's and initial 

development started in 1970. The project was originally 

planned to be constructed over a 3 0-year period. The master 

plan called for almost five million acre-feet of water to be 

annually diverted for development of 900,000 acres of land, 

including 430,000 acres in the north central Dry Zone 

(Figure 2). Supplemental water would be provided to 246,000 

acres within the project area that were then under 

irrigation in order to allow cultivation of two crops per 

year (Mahaweli Development Board, 1977). The scheme was to 

be completed in three phases. 

In 1977, due to the desire of the incumbent 

government to provide tangible economic progress, it was 

decided to accelerate development to complete irrigation and 

resettlement of Phase I, which was to be comprised of 

330,000 acres, within six years. National priority was 

given to this ambitious program in hopes of solving the two 
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major problems that faced the nation at that time: 

underemployment, and the need for import substitution in 

rice and other agricultural products. Large investments 

including "all available engineering and technical talents 

in the country" were made for the development of dams, 

canals, management bureaucracy, infrastructure, and basic 

initial provisions for beneficiaries of the "Accelerated 

Mahaweli Project" (Jayewardene, 1977). About one-seventh of 

Sri Lanka's total irrigable land lies within the Accelerated 

Mahaweli Project area (Ganewatte, 1986). 

The Mahaweli Development area includes new 

villages that have been designed and constructed by the 

Mahaweli Authority of Sri Lanka (MASL) and populated by 

selected and volunteer settlers. Much of the development 

area is located in areas where population is sparse. In 

some areas older resettlement and irrigation schemes have 

been incorporated and reorganized, as have Purana village 

systems. 

Six major systems, roughly defined by river 

basins, were to make up the original scheme. The major 

systems are divided into various lettered subsystems. The 

earliest pilot settlements were started in 1976 in the Kala 

Oya basin in System H which was completed in 1981. Each 

subsystem is divided into project areas which are designated 

with a number, such as H-2. A project area has one township 

center which provides a wide range of services for 2500 to 
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3000 families. Project areas are divided into three to five 

blocks. Each block has one village center. Basic community 

facilities such as schools, medical dispensaries, postal 

facilities, co-operatives and community centers are provided 

at the block level. A block is comprised of from three to 

six hamlets. Each, hamlet is comprised of 100 to 150 

families. 

Operation of the Mahaweli Development Scheme is 

managed by the MASL. The MASL is a vast parastatal agency 

that was instituted for the sole purpose of developing the 

project. The agency concerns itself with many aspects of 

development including distribution and redistribution of 

land and water; infrastructure design and construction, 

including that of hamlet centers, village centers, and 

townships; health care; and community development. While 

the Mahaweli officials reside in the various centers in the 

development area that they manage, almost all are engineers 

and bureaucrats from "outside," and return to their homes in 

Wet Zone cities on weekends and holidays. 

Several layers of bureaucrats administer the 

projects. The chief administrator of a project area is 

called a Resident Project Manager (RPM), who usually resides 

in a township center and supervises the Block Managers 

(BM's). Deputies of Lands, Water Management, Agriculture, 

Marketing and Credit, Community Development, Administration 

and an Accountant report to the RPM. Each block is managed 



36 

by a BM, who manages about a dozen Unit Managers (UM's) and 

is assisted by lower level Officers of the same disciplines 

represented at the project level. Two or three hamlets are 

managed by a Unit Manager who is aided by a Field Assistant. 

The UM resides in one of the hamlets and is the Mahaweli 

official most accessible to the farmers and their families. 

The UM provides advice and assistance on a very wide range 

of topics, and serves as a liaison to specialized government 

services. 

Under the Mahaweli scheme, each participant family 

head is allotted 2.5 acres of lowland for irrigated 

cultivation, and 0.5 acres for a homestead in one of the 

nearby hamlets in the "highlands," or areas on 

topographically high areas where paddy cultivation is not 

practicable. Hamlets may be newly developed or original 

Purana Villages. Two types of settlement patterns occur. A 

"ribbon" pattern of homesteads was developed first. Ribbon 

settlements are usually strung along canals that follow 

ridges. Certain problems were associated with this pattern, 

including costly provision of services, such as for domestic 

water and electricity, so the "cluster" type of settlement 

was designed and implemented. The cluster design is similar 

to the Purana settlement pattern wherein houses are sited 

close together, though traditionally the houses would be 

grouped near a village wewa. 

Purana villages that were incorporated into the 



system are situated in the traditional manner described 

above. An effort was made to provide Purana villagers 

homesteads and farm lands in a manner causing minimal 

dislocation of their social ties (Karunatilleke, 1986). 

Purana villagers who previously owned land were required to 

relinquish that land no matter how large the acreage, and 

were returned the normal three-acre allotments. Landless 

Purana villagers are also given highland and lowland 

parcels. If their original home happened to be located in a 

hamlet in the Mahaweli plan, they could remain there. 

Certain Purana villages or parts thereof, have been cleared 

away for abandonment and reconstruction within the 

irrigation design. Some Purana villagers have resisted 

relocation. Purana villagers that have been displaced 

during land alienation for the Mahaweli are called 

"resettlers." About two-thirds of the "beneficiaries" of 

the Mahaweli Development Scheme are resettlers (Patrick, 

1983) . 

"Early migrants" are settlers who moved to the 

area before the commencement of the project. These people 

may have migrated in anticipation of improved opportunities 

or as part of an earlier irrigation and resettlement project 

that was incorporated into the Mahaweli Project. The latter 

seem to maintain the original acreage allotted them, which 

was generally five acres, and are subject to management by 

the Irrigation Department although their irrigation water 
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delivery system is managed by the Mahaweli. 

"Settlers" participate in the scheme for a variety 

of reasons. Young married people who are ambitious and 

eager for a new start, landless people, and people with 

agricultural skills may volunteer or be selected to settle 

in the scheme. The latter settler types are called 

"selectees." "Unsociable elements" or "trouble makers" have 

been selected to settle in the project as well (Tennakoon 

et.al., 1986). About 32% of the population in the scheme 

are settlers. Settlers do not generally mix well with the 

resettlers or Purana villagers. 

"Encroachers" have not officially been granted 

either homestead or agricultural lands. They may live or 

cultivate on "reservation" land. Reservation land may be 

land planned but not yet utilized for community development, 

livestock or merely as a buffer for the canal system or the 

river. Often encroachers are laborers or the children of 

settlers who are not legally allowed to subdivide their 

lands. They are also sometimes seasonal residents. 

Families whose homes were affected by the 

development of reservoirs are offered land in the scheme and 

are called "evacuees." These people often have no other 

choice, and make up about five percent of the population in 

the scheme (Patrick, 1983). 
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2.3.2 Study area 

The study area is located in System H-2 of the 

Mahaweli Development Scheme. System H-2 consists of about 

23,000 parcels. System H was the pilot phase of the 

Mahaweli Program, and thus the study area was among the 

first completed. Settlement in H-2 began in 1976 and was 

completed in 1978. The irrigation network in System H is 

fed primarily by the Kala Wewa, a major storage reservoir 

located roughly 30 miles east of the study area. Left and 

right bank main canals run roughly westward from the Kala 

Wewa, along the ridges that define the basin which is 

drained by the Kala Oya (river). The main canals feed many 

distributary canals and farm turnouts that provide water to 

the low-lying paddy fields in the center of the basin. 

Paddy is flood-irrigated here as everywhere in Sri Lanka. 

The study area is located roughly midway between the head 

and tail ends of the system. The distance from the left 

bank to the right bank main canal on the connecting road is 

roughly five miles and can be traversed on foot in about an 

hour. Unlike other Mahaweli systems that were developed 

where population was sparse, many Purana villages and older 

resettled villages exist in the area and have been 

incorporated into System H. The two neighboring hamlets of 

Palugaswewa and Hurigaswewa were selected for the study 

(Figure 3). The hamlets are located in Block 306 of System 
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H-2. 

Palugaswewa is almost entirely an MASL-designed 

and constructed village consisting of resettlers and 

settlers. The village was constructed over the remnants of 

an ancient abandoned tank. It borders the left bank main 

canal and the paved main road that runs alongside the canal. 

Power lines run along this road providing electricity to the 

few shops, restaurants, office buildings and schools that 

are located along the main road in the village. A large 

community well is located near the main road. The hamlet 

stretches to the northeast between the D2 distributary canal 

and the SD3 secondary distributary canal that flow towards 

Hurigaswewa. A temple and Montessori school are located at 

the northernmost end of the hamlet and serve both 

Palugaswewa and Hurigaswewa. Paddy fields lie to the east 

and west of the hamlet. Dirt roads and paths weave through 

the hamlet. The surrounding and interspersed "jungle" or 

forest is light and not very well established. 

Hurigaswewa lies lower and closer to the center of 

the river basin, bordering the Kala Oya. Hurigaswewa is a 

Purana village that has for the most part been allowed to 

remain intact. Some homesteads and cultivated lots in 

Hurigaswewa have been reallotted by the MASL. The village 

tank is small but has remained functional, though the MASL 

design calls for eventual abandonment of the tank and 

development of additional paddy lands in its place. The 
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hamlet lies on both sides of the bund of the tank for which 

the village was named. Abundant marsh vegetation around the 

tank indicates that the tank was once much larger. The 

village appears more well established, though poor, with 

more mature, shady trees and forest cover than are evidenced 

in Palugaswewa. The D2 d:' tributary canal separates 

Palugaswewa from Hurigaswewa. The most well-established 

houses are located closest to the bund of the tank, where 

the original village was concentrated. Paddy fields lie 

below the tank to the west, dividing the village, and 

between the northern part of the village and the Kala Oya. 

Paddy land also lies to the east of the village. The D1 

distributary canal runs through the village, as do two other 

unnamed distributary canals. An abandoned co-op is located 

at about the center of the village. No electricity runs to 

the village. Dirt roads and paths weave through the hamlet 

as in Palugaswewa. The Kala Oya marks the northern boundary 

of the village. Several encroacher houses are located on 

the banks above the Kala Oya. 

Table 1 presents a demographic picture of the 

villages based on results from interviews with an 

approximately 12% random sample. Since the main focus of 

the interview was to discuss domestic water issues, the 

female head of each household was interviewed as she was 

expected to be the primary domestic water manager in the 

household. An effort was made to interview ten percent of 
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Hurigaswewa 

TABLE 1 

Study Area Demographic Statistics 

Palugaswewa 

Total No. Families 88 94 
No. Encroacher Families 16 12 

Total No. Families Interviewed 11 12 

No. Purana Families 3 5 
No. Resettler Families 2 6 
No. Settler Families 4 0 
No. Encroacher Families 2 1 
No. Families from Lowlands 4 8 
No. Families from Highlands 7 4 
No. Families Owning Livestock 5 4 

Ave. Age of MHOH1 38 + ll2 45 
Ave. Yrs of Schooling of MHOH 6. 6 + 2.2 6 
No. MHOHs with Main 

occupation of Farmer 8 10 
No. MHOHs with Main 
Occupation of Laborer 3 1 

Ave. Age of FHOH3 34 + 9 37 
Ave. Yrs of Schooling of FHOH 4. 5 + 2.8 4 
No. FHOHs with Main 
Occupation of Farmer 7 10 

No. FHOHs with Main 
Occupation of Laborer 3 1 
No. FHOHs with Main 
Occupation of Homemaker 1 1 

Total No. of Children 42 56 
Ave. No. Children/Household 3. 8 ± 2.1 4 
Ave. Age of Children 12 ± 6 14 
No. Children with more 
than Two Years Less 
Education than Maximum 
Expected (percent of total) 10 (24) 3! 

± 13 
>± 2, 

+ 
8± 

9 
2.5 

1.8 
7 

38 (68) 

1 MHOH = Male head of household 

2The uncertainty of the value given is expressed as one 
standard deviation. 

3 FHOH = Female head of household 
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the "official" settlers including the various types of 

villagers, and ten percent of the encroachers. Only the 

people living in the house at the time of the interview were 

counted for Table 1. Several families had children who had 

moved out of the house when they were married. Table 1 also 

includes data from a village-wide inventory of houses. 

Appendix A contains all of the data from the formal 

interviews that are discussed throughout the thesis. 

2.3.2.1 Palugaswewa. There are 84 designated half-acre 

lots for homesteads in Palugaswewa. Fourteen of the lots 

are not occupied and two lots have more than one house 

located thereon. Small houses are built on each occupied 

homestead. Sixteen houses have been built by encroachers on 

lands that were not originally designated for homesteads. 

Representatives from 11 households were interviewed in 

Palugaswewa. Most of the households entered for interviews 

were the typical house for which funds for construction were 

received from the Mahaweli. These houses are made of mud 

walls, a mud floor and a thatched or woven "cajan" roof, and 

had from one to three rooms. The typical "garden" is 

usually a well swept dirt yard with various coconut and 

fruit trees. Many villagers keep flowers and some raise 

medicinal plants, herbs and vegetables. Five of the 

interview households kept small numbers of livestock. 

Water buffalo, cows chickens and pigs were raised. 
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Observations in Palugaswewa did not confirm that this high a 

proportion of families owned livestock. 

Most of the families in Palugaswewa are young 

resettlers or settlers from diverse areas. Six different 

villages were named as the interviewee's former village. 

Four of the women were originally from nearby lowlands, 

three were Purana villagers from Palugaswewa, and one 

represented a resettler family from Hurigaswewa. Seven of 

the women were from the highlands in the Wet or Transitional 

Zones. All of the faimilies that were represented in the 

sample set were Buddhist as were probably most of the 

villagers in the Mahaweli Scheme. Palugaswewa did not seem 

to be a particularly cohesive village in that few of the 

settlers even knew their neighbors nor very many of the 

other residents. 

The average number of children per family in 

Palugaswewa was 3.8, their ages ranging from infants to 30 

with an average age of 12. Very few families in Palugaswewa 

appeared to be extended, with one slightly extended family 

represented in the sample. 

The majority of women interviewed in both villages 

worked outside the home, usually on the family paddy-land 

and some as agricultural laborers. Ten women stated that 

their secondary occupation was as homemaker. Only one woman 

responded that her main occupation was homemaker. The 

husbands of three of the interviewed women held other 
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secondary forms of employment: one a mason, one a laborer 

and one a traditional medicine man. 

2.3.2.2 Hurigaswewa. One hundred seven half-acre lots were 

designated as homesteads in Hurigaswewa to which many of the 

original families were relocated. Eighty two of the lots 

are occupied, a few with more than one house, indicating 

more family extension than in Palugaswewa. There were 12 

encroacher families living on non-designated lots. Twelve 

households were represented in the interview sample. Eight 

of the interviewees identified themselves as low-country 

Sinhalese, five of which were originally from Hurigaswewa or 

the neighboring village of Katiawa, and four considered 

themselves up-country Sinhalese. Further discussions held 

throughout the study however, indicated that the hamlet is 

almost entirely comprised of a single kingroup with almost 

everyone at least married to the central group. 

Hurigaswewa appeared more well established than 

Palugaswewa, though poorer. Four families in the sample 

keep either water buffalo, cows, chickens, or pigs, although 

observations indicated that a greater number of families 

raise livestock in greater numbers than in Palugaswewa. 

The older average ages of the male and female 

household heads suggests that fewer residents were the 

selected, previously landless resettlers that comprised the 

majority of Palugaswewa residents. The higher average 
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number of children living in the household also suggests an 

older family history. Children's ages ranged from three to 

27 with an average age of 14. One extended family was 

represented. The high percentage of children with more than 

two years less education than the maximum expected for their 

age, indicates that the Purana villagers are less educated 

than people from other areas. 
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3.0 CHAPTER THREE 

DOMESTIC WATER SUPPLY 

This chapter describes the geology, climate, and 

hydrology of the study area. Results are presented from a 

simple hydrologic investigation that was conducted to 

identify, quantify and qualify domestic water sources. All 

domestic water sources in the two villages study area were 

identified and mapped. 

3.1 Geology 

The study area is located in the Dry Zone of the 

North Central Province, about 15 miles south of Anuradhapura 

in the Kala Oya Basin. The study area lies within what is 

known as the first peneplain of Sri Lanka, at an elevation 

less than 1000 feet above sea level. The general terrain is 

flat and gently rolling with slopes ranging from zero to 

five percent. A thin soil cover with good internal 

drainage, markedly lacking in humus, lies over relatively 

impervious crystalline Pre-Cambrian metamorphic rocks 

including charnockites, granite gneisses, biotite gneisses, 

and migmatites (Panabokke, 1959). About nine to 45 feet of 

weathered overburden usually lies above the bedrock complex. 

Scattered erosional remnants of the more resistant rock 

break the relief. The valleys between the ridges are 
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shallow and moderately wide with level to concave floors. 

Deeper valleys have incised stream channels. Natural cover 

is a dry forest, which once felled is slow to grow back. 

The gently undulating land surface forms a series 

of interconnected microcatchments with a quaternary 

toposequence of soils (Panabokke, 1967). The soils are 

primarily formed by weathered laterites. Three distinct 

classes of soils can be identified and related to drainage 

conditions. Well drained soils, termed red brown earth 

(RBE) soils occupy the ridge areas that define the valleys. 

The red color indicates oxygenation of iron in the soil. 

Low humic gley (LHG) soils occupy poorly drained, low-lying 

areas and were formed under reduced conditions. The LHG 

soil category is ideally suited for the culture of lowland 

rice. Intermediate, well-drained, brown (BR) soils are 

found in the middle of slopes. 

A visual soil survey was conducted in the two-

village study area. Soil colors were mapped using 

observations of the soils that lined unprotected wells. The 

colors of the mud that comprised the walls of the houses 

also helped to identify the soil type in that local soils 

were used for construction. Figure 4 shows the distribution 

of soil types in the study area. LHG and brown soils 

predominate in Palugaswewa while RBH and brown soils 

predominate in Hurigaswewa. The relationship of topography 

and soil type is apparent if one compares the soil map with 
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the topographic map shown on Figure 5. The drainage that 

can be seen running northward through the west central part 

of Palugaswewa intersects the remnants of the berm for an 

ancient abandoned wewa at roughly the 85 foot contour 

interval. The depression shown below the 85 foot contour is 

comprised of the LHG soils known to be suitable for lowland 

paddy, and probably was th site for the ancient paddy fields 

that sustained the original village. 
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3.2 Climate 

The area exhibits a bimodal rainfall distribution. 

One major peak, the Maha monsoon, arrives between October 

and December. The second peak arrives between March and 

April, corresponding with the Yala monsoon. The rain when 

it comes is usually heavy and followed by rapid runoff. 

Rivers become torrents for a few hours, then relapse. After 

a few days the land becomes as dry as before. Intermonsoon 

convectional rains in September and October consist of short 

but intense storms which often attain intensities of four to 

five inches per hour. During the intermonsoon storms 

surface sheet erosion is observed even under the natural 

forest canopy (Panabokke, 1959). Two-thirds of the annual 

rain occur between the months of September and December in 

the Maha cropping season. The rain that arrives between 

late March and early May during the Yala cropping season 

provides about one-third of the annual rainfall. 

The area experiences two dry seasons. One is 

short and uncertain in February and another is long and 

pronounced from June to September. The driest months of the 

year are June, July, August, and September. The long dry 

spell is characterized by strong, dry winds and high 

temperatures. Evaporation from a free water surface 

averages from 0.3 to 0.4 inches per day during this period 

(Pannabokke, 1959). The field study was conducted during 
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long dry season because the effects of irrigation, or lack 

thereof, were expected to be most discernable and the 

effects of the irrigation off-season could be observed. 

3.3 Hydrology 

Surface water sources and water quality will first 

be discussed. Individual discussions are presented that 

describe the location and analytical results of each surface 

water quality sample collected. Groundwater sources and 

quality are then discussed in the same fashion. 

3.3.1. Surface Water Sources 

Surface water sources in the study area consist of 

the Kala Oya, the main river that drains the Kala Oya Basin, 

in which the study area is located; the Hurigaswewa, a small 

tank or reservoir that was constructed during ancient times 

to control precipitation and runoff for the agricultural and 

domestic water needs of Hurigaswewa village; the left bank 

main canal that carries water for irrigation from the Kala 

Wewa, the large, regulator tank in the region which is in 

turn supplied by water from the diverted Mahaweli; and 

several distributary canals that feed farm turnouts to 

individual paddy fields. 

The Kala Oya runs roughly through the center of 

the study area. This river is regulated by the MASL at the 

Kalawewa, which lies about 30 miles east of the study area. 
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Releases to the river are primarily for flood control. The 

river gains water from irrigation return flow along the 

length of the basin. The river is about 20 yards wide at 

the main crossing-bridge in the area, and was from about 

five to seven feet deep during the study period (June to 

September). Water moves moderately fast at the crossing. 

The slopes of the river are gentle in places, with sandy 

beaches and large trees shading the river. The crossing is 

a commonly used spot for bathing and relaxing. Small fish 

are caught in the river and alligators that had escaped from 

the Kala Wewa were occasionally reported. 

The Hurigaswewa tank is roughly two acres in size. 

Extensive emergent reed growth around the perimeter of the 

tank indicate that it is becoming silted in and was once at 

least twice the current size. The water depth during the 

study period was about six feet in the center. A weir is 

built into the tank's earthen dam which is about 15 feet 

high. The tank is fed by precipitation and irrigation 

return flow from the seasonally inundated, upslope paddy 

fields which were probably built over an ephemeral stream to 

the east of the tank. In turn, the tank recharges a shallow 

aquifer in the surrounding area, as can be seen by the water 

level contours on Figure 6. The recharge function of Dry 

Zone tanks has been documented by Bandara (1982) who noted a 

correlation between reservoir water levels and well water 

levels in the surrounding areas. 
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The left bank main canal is earth-lined. The 

canal is roughly ten feet wide and six feet deep, with a 

roughly trapezoidal shape. Water depth in the canal during 

the irrigation season varies from about two to six feet, and 

when repairs are made to the canal, may become totally dry. 

The main canals are also regulated at the Kala Wewa, and by 

the management of the various distributary canals that they 

feed. Seepage from the canals may be as much as 40% (WMS, 

1982), and is a major source of recharge to the wells 

alongside it. 

Distributary canals in the study area are also 

earth-lined. The distributary canals are about one-fifth 

the size of the main canals, roughly four feet across and 

about three feet deep. Water levels in the canals ranged 

from two to three feet to dry. Irrigation schedules in 

system H-2 were run three days on and two days off for each 

distributary canal. During the off-schedule, the canals are 

dry. Water level contours in Figure 6 show the losing 

nature of the distributary canals. 

3.3.2 Surface Water Quality 

Samples were collected for water quality analysis 

at the Kala Oya and at the main canal in Palugaswewa. 

Figure 7 shows the location of the water samples, and 

includes those taken for groundwater quality. Samples were 

collected by the author and analyzed for major cations and 
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anions at the Chinese Experimental Farm Soil Laboratory in 

Thambutegama. Two surface water samples and 14 groundwater 

samples were collected in the study area. 

Appendix B presents the full analytical results. 

The samples were collected in August. The samples were all 

handled similarly, and analyzed within proper holding times. 

However due to logistical constraints, the samples were not 

transported on ice, nor were they preserved during 

transportation. 

The surface water quality in the locations tested 

appeared to be quite good although conjecture would suggest 

a fairly high bacteriological content due to the wallowing 

of buffalo and use of canals for ablution. However, the 

Kala Oya and in the main canals are probably well oxygenated 

especially when flows are high, and may provide some 

treatment. The water quality in the distributary canals 

however, was probably significantly poorer due to the dry 

and wet cycling which caused high turbidity, and because 

flows in the distributary canals were slower, with probably 

less oxygen available to reduce bacteriological content 

and/or nitrates. The distributary canals are used more 

frequently than the main canal for ablution, thus also 

contributing to probably poorer quality water. Not everyone 

will use the distributary canals for bathing or washing 

clothes, even if flowing and conveniently located, for this 

reason. Further discussion of surface water utilization is 
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presented in Chapter 4. 

3.3.3 Surface Water Quality Sample Descriptions 

Individual discussions follow which include Stiff 

diagrams. Figure 8 depicts all water quality data on a 

trilinear diagram. 

3.3.3.1 Main Canal. Paluaaswewa (PMC); Sample No. 1. 

Sample No. 1 was collected from the left bank main canal at 

the junction in Palugaswewa near the primary school. The 

sample point is a popular site for bathing and washing 

clothes. 

The water at this sample point was a calcium, 

sodium/potassium, bicarbonate water that showed the lowest 

concentration of total salts (190 mg/1) of all the water 

quality samples collected. Carbonate, bicarbonate, chloride 

and magnesium concentrations in this sample were also the 

lowest seen in all the water quality samples (10 mg/1, 100 

mg/1, 20 mg/1 and 10 mg/1 respectively). 
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3.3.3.2 Kala Ova. Huriaaswewa (HKO): Sample No. 2. Sample 

No. 2 was collected at the Kala Oya near the bridge leading 

to Katiawa. The location is extensively used for bathing, 

washing clothes, wallowing buffalo and occasionally for 

drinking purposes. 

The water was a sodium/potassium, calcium, 

magnesium, bicarbonate water which also showed a low 

concentration of total salts (260 mg/1), though slightly 

higher than in the main canal. The higher total salts 

content may be due to the fact that the river intersects the 

water table in places and takes on significant amounts of 

agricultural return flows which would carry elevated salts. 

All of the ions showed higher concentrations than in the 

main canal. 
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3.3.4 Groundwater 

Two water bearing units are present in the study 

area. A "deep" aquifer is comprised of groundwater that 

concentrates in fault zones that are indicated by heavy 

fissuring and jointing, particularly in quartzites. 

Groundwater circulates through joints and fissures in the 

bedrock, and along planes of foliation, schistocity and 

cleavage. There is no continuous body of groundwater in the 

bedrock with a single water table. 

Some effort has been made, primarily by donor 

agencies, to tap the fractured bedrock aquifer. One deep 

well was drilled by UNICEF fairly close to the study area. 

These efforts have not been entirely successful to date. 

Water quality in deep wells in the region was reported as 

being high in iron content and thus undesirable for anything 

other than watering gardens. Utilization of the deep wells 

is light and primarily for non-drinking purposes. 

Groundwater in the bedrock is apparently aggressive and 

corrodes the steel casing, causing discolored and bad-

tasting water. Another possible explanation is that iron 

bacteria are nourished in the reduced environment and cause 

the unacceptable taste. It may be for this reason that Sri 

Lankans traditionally prefer that wells be partially exposed 

to sunlight, thus providing oxygen to the water and 

inhibiting the growth of iron bacteria. Recurring incidents 
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are noted of villagers removing covers and pumps on wells to 

expose the water to sunlight. Removal of pumps is also 

often because they break, and villagers are not equipped to 

fix them. 

Perched water tables can be found above the 

bedrock where local recharge sources exist. This shallow 

unconfined aquifer is used for domestic water in the study 

area. The water bearing unit lies within the nine to 45 

feet of weathered overburden that usually lies above the 

bedrock complex. The majority of wells in the Dry Zone tap 

this shallow aquifer and are traditionally sited by the 

sides of tanks, below tank bunds in or near the paddy 

tracts, or by the side of irrigation canals. Shallow, 

unprotected, traditional wells; shallow, cement-lined but 

open wells; and shallow, cement-lined wells with hand-pumps 

are found in the study area. The latter two well types were 

constructed by the MASL. These wells are recharged by 

percolation and by seepage from tanks, rivers and irrigation 

canals. Hurigaswewa exemplifies the traditional siting of 

wells, largely concentrated near the tank. Figure 9 shows 

all the wells sited in the two-village study area with 

symbols to indicate the type of well. 

The water level contours shown on Figure 6 showed 

the marked contribution of the distributary canals to the 

shallow groundwater table in the study area. The data for 

this map were collected in August and are presented in 
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the source inventory in Appendix C. A second set of water 

level measurements were taken in September to determine the 

effects of less recharge in the drier month. These data 

along with the difference between the two measurements are 

also presented in Appendix C. 

Hydrological distinctions can be seen within the 

various soil types represented in the study area. Bandara 

(1982) reported that the water table in the well-drained RBH 

soils is normally 15 or more feet below ground level during 

the dry season and is usually fairly high in the LHG soils, 

usually less than nine feet during most of the year. This 

relationship is partially caused by the soils' correlation 

with topography and their respective draining capacities. 

Water levels in the RBH-sited wells in the study area 

averaged between about eight to ten feet below ground 

surface. Water levels in wells sited in LHG soils in the 

study area averaged between six and eight feet below ground 

surface. 

Because the RBE soils are more permeable, they 

respond quickly to the presence or absence of recharge 

water. Water levels in wells sited in RHB soils fluctuate 

dramatically through the course of the season due to changes 

in natural and irrigation recharge. Where bedrock is close 

to the surface, wells in RHB soils sometimes dry up 

completely during the dry season. Water levels in LHG soils 

remain relatively constant throughout the year (Bandara, 
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1982). Mottling was observed in wells sited in all well 

types in the study area, confirming the existence of a 

fluctuating water table. 

Table 2 shows average water level measurements in 

the two villages and the declines measured in the various 

soil types between August and September. Almost all wells 

were measured for water levels. Those that had gone dry by 

the time they were measured in September are also shown on 

Table 2. Table 3, presented in the next Section, shows the 

total number of wells sited in the various soil types in 

each village for reference. The data show that the average 

decline in the LHG soils is indeed less than that in the RBE 

sited soils, and that the intermediate brown soils exhibit 

relatively less water level decline than the RBE soils. 

Depth to groundwater also shows the predicted patterns in 

Palugaswewa, though in Hurigaswewa average depths to 

groundwater in the brown soils were greater than in the RBE 

soils. 

It can be seen that groundwater availability in 

Palugaswewa is poorer than in Hurigaswewa. Twenty-four 

wells out of a total of 77 wells, or 31% of the wells in 

Palugaswewa were dry by September. Nine wells, evenly 

distributed among the three soil types, had gone dry by 

August. Eleven of the 19 RBE-sited wells in Palugaswewa, or 

58%, were dry by September. Seven of the 37 brown soil-

sited wells, or 19%, went dry by September. Six of the 21 
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TABLE 2 

Average Water Levels (WL)1 and 
Declines between August and September2 

with Soil Type 

Average 
August 
WL 

Average 
September 
WL 

Average 
Decline 

Number 
Dry3 

Paluaaswewa 

LHG 6.3 

Brown 7.9 

RBE 8.3 

7.9 

9.2 

10.2 

1.4 

1.6 

1.9 

6 

7 

11 

Number 
measured 

68 43 43 77 

Huriaaswewa 

LHG 

Brown 

RBE 

Number 
measured 

8.7 10.1 

7.8 8.8 

64 49 

1.3 6 

1.6 4 

45 65 

^•Water levels are given in feet below ground surface. 

2Average declines are given in feet. 

3The number of dry wells given represents the number of wells 
that were dry by the time they were measured in September. 
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LHG-sited wells in Palugaswewa, or 29%, went dry by 

September. The depth of many of the wells in the study area 

was limited by the presence of bedrock, and thus recharge 

was also limited for this reason as the dry season 

progressed. 

A larger percentage of the area in Hurigaswewa is 

closer to recharge sources, i.e. distributary canals, the 

Hurigaswewa Tank and the Kala Oya. The more permeable soils 

that dominate in Hurigaswewa, are thus more receptive and 

more subject to recharge. No wells were sited in LHG soils 

in Hurigaswewa. Very little area in Hurigaswewa was in fact 

within this soil type. Only ten of the 65 wells in 

Hurigaswewa, or 15% of the wells there went dry by 

September, and only one had gone dry by August. A greater 

percentage of wells sited in brown soil went dry in 

Hurigaswewa with six of the 31 wells, or 19% having gone dry 

by September. Four of the 34 RBE sited wells, or 12% went 

dry by September. 

To summarize, groundwater supply is clearly 

related to recharge supplied by irrigation and irrigation 

works. The greatest percentage of reliable wells are in 

close proximity or within the influence of recharge from 

irrigated paddy fields, irrigation canals, or the tank. The 

lower-lying LHG soils seem to retain water longer than the 

well-drained RBE soils and brown soils, though, as we shall 

see in the next section, the water quality in LHG soils is 
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generally poor unless located very close to recharge sources 

and thus often undesirable for drinking water. 

3.3.5 Groundwater Quality 

Groundwater quality also appears to be related to 

soil type. One indication of water quality is whether or 

not it is used for drinking water. Villagers are selective 

and will not drink water from all wells if more desirable 

alternatives are available. Some wells with poor-quality 

water are used when other more desirable sources are too far 

away, or sometimes for other social reasons. The source 

inventory in Appendix C includes information on soil type 

and water use for every well in Hurigaswewa and Palugaswewa. 

Table 3 shows the number of wells sited in the various soil 

types in each village and the corresponding number used for 

drinking water. 

Figure 10 displays all of the wells used for 

drinking water superimposed on the soil type. Clearly, 

wells sited in LHG soils are not very acceptable in terms of 

drinking- water quality. A large percentage of the wells 

sited in RBE soils appear to be used for drinking. 

Villagers complained that the water from the wells not used 

for drinking is "kiyule" or limey, precipitates white 

particulates, and must be filtered prior to use. 
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TABLE 3 

Soil Type and Water Use 

Paluaaswewa Huriaaswewa 

Soil No. No. used No. 
Type wells for drinking wells 

sited (percent) sited 

No. used 
for drinking 
(percent) 

LHG 

BR 

RBE 

21 

37 

19 

1(5) 

11(30) 

10(53) 

0 

31 

34 

19(61) 

23(68) 

Total 77 22(28) 65 42(65) 

Water quality analyses from 14 wells within the 

study area support water quality distinctions between soil 

types. The water quality results also show chemical grounds 

for the villagers' choices regarding whether or not to drink 

the water. All samples were collected by the author within 

two consecutive days in August and analyzed at the Chinese 

Experimental Farm. The samples were all handled similarly, 

and analyzed within proper holding times. However, due to 

logistical constraints, the samples were not transported on 

ice, nor were they preserved during transportation. Table 4 
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shows the well types and soils in which the wells from which 

the groundwater quality samples were collected were sited. 

Please refer back to Figure 7 for the locations for each 

sample. 

Samples were analyzed for major cations and 

anions. Table 5 shows statistics on the water quality 

results. United States Federal Secondary Maximum 

Contaminant Levels1 (SMCL's) are also presented for 

reference. Appendix B shows the results of all the water 

quality analyses conducted. 

The most significant difference made between 

drinking water and water that is not used for drinking is in 

total salts and electrical conductivity. A Student-t test 

using the pooled standard deviation method (Koopmans, 1981) 

was performed on the two groups of samples. The difference 

between values for total salts was found to be significant 

at the 95% confidence level, with total salts in non-

drinking water samples being significantly higher. The 

difference between electrical conductivities was found to be 

significant at the 99% confidence level. Chlorides were 

significantly different at the 90% confidence level, and 

carbonates and sodium/potassium were significantly different 

at the 80% confidence level. All of the average ion 

concentrations except sulfates appeared to be at least twice 

1SMCL's are not based on health risks, but on aesthetic 
quality. 



TABLE 4 

Soil and Well Types from Which 
Groundwater Quality Samples were Collected 

Soil Types 

LHG BR RBE Total 

Paluaaswewa 

Well Type 

Unprotected 2 3 2 7 

Cement-lined 1 1 

Hand-pump 1 - 1 

Sub Total 3 4 2 9 

Huriaaswewa 

Well Type 

Unprotected - - 1 1 

Cement-lined - 1 2 3 

Hand-pump - - 1 1 

Sub Total - 1 4 5 

Total 3 5 6 14 



TABLE 5 

GROUNDWATER QUALITY STATISTICS 
(milligrams per liter) 

No. Total EC1 C03 HC03 CI S04 Ca Mg K+Na 
samples Salts 

Mg 

Drinking 9 484 530 28 199 80 13 34 27 71 
water ±189 ±203 ±13 ±86 ±87 ±10 ±14 ±12 ±51 

Non-drinking 5 938 1088 128 274 228 7 68 64 136 
water ±436 ±450 ±214 ±151 ±217 ±4 ±86 ±88 ±127 

LHG-sited 3 993 1163 30 233 296 8 90 90 113 
±663 ±692 ±17 ±162 ±275 ±3 ±113 ±113 ±179 

Brown-sited 5 478 596 122 210 70 6 26 24 86 
±236 ±253 ±217 ±138 ±54 ±5 ±15 ±11 ±72 

RBE-sited 6 608 623 32 235 103 16 42 28 92 
±125 ±203 ±15 ±87 ±101 ±11 ±13 ±13 ±50 

Combined RBE and 549 611 88 35 26 89 
brown soil-sited ±186 ±216 ±81 ±16 ±12 ±58 

US SMCL 7143 251 

^-micromhos per centimeter 

2The uncertainty of the value is given as one standard deviation. 

3Converted from the SMCL for total dissolved solids. 
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as high in the non-drinking water samples. 

It can be seen that average water quality in wells 

sited in LHG soils had higher electrical conductivities and 

concentrations of total salts, chloride, calcium, and 

magnesium than in both the RBE- and brown soil-sited wells. 

Compared against the samples collected from wells in brown 

and RBE soils, using the same statistical method, water 

quality in wells sited in LHG soils was significantly lower 

in electrical conductivities at the 95% confidence level, 

total salts at the 95% confidence level, chloride at the 95% 

confidence level, calcium almost at the 90% confidence 

level, and magnesium was significantly different at the 90% 

confidence level. 

The water quality in wells sited in brown soils 

appeared to be the best of the three soil types. Distinctly 

high concentrations of carbonates were found in samples 

collected from wells sited in brown soils. Water quality in 

the RBE soils was similar to that in the brown soils with 

slightly higher concentrations of most ions except 

carbonates. Calcium concentrations in the RBE-sited wells 

were significantly higher than in water from wells sited in 

the brown soils at the 90% confidence level. Sulfates in 

the RBE soils appeared distinctly higher than in both the 

brown and the LHG soils. Sulfates were significantly higher 

in the RBE soils than in the brown soils at the 80% 

confidence interval. 
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While substantial problems during analyses 

rendered bacteriological and nitrate results unworthy of 

presentation, observations and conjecture warrant mention of 

additional conclusions concerning these groundwater quality 

parameters. Agricultural activity in the low-lying paddy 

land probably causes high levels of nitrates, coliform 

bacteria and pesticides to water in well sited there. The 

unprotected nature of traditional wells provides no barrier, 

whether in groundwater, the vadose zone or to sheet flow, to 

the migration of agricultural supplements into well water. 

Wells in and near paddy fields are often used for cleaning 

of pesticide applicators, which is conducted in the 

immediate vicinity of the wells. Fertilizers, both from 

water buffalo manure and that marketed to the farmers, are 

applied lavishly to paddy fields. 

This hypothesis may be supported by examining the 

ion balances for each individual sample. Appendix B 

includes cation and anion sums and their differences. Most 

of the samples showed less than a 20% difference between 

milliequivalent concentrations of cations and anions. 

Larger differences may be indicative of the presence of 

certain ions that were not analyzed, including nitrates and 

iron. Sample No. 11 for example, was taken from an 

unprotected well sited at the edge of a paddy field where 

the depth to water was less than two feet. This sample 

showed a 60% difference with substantially lower 
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milliequivalents of anions than cations. The large 

difference suggests that nitrates may be present in 

significant quantities. This hypothesis will be further 

discussed in the descriptions of the wells and water quality 

results that follow. Stiff Diagrams depicting the water 

quality results are presented with the each sample's 

description. Figure 8 showed the results on a trilinear 

diagram. 

Additional water quality information was obtained 

through discussions with villagers. Some comments indicated 

that since Mahaweli development and the advent of 

concentrated, irrigated agriculture in the region, the water 

quality in certain wells has deteriorated, becoming 

noticeably more salty. This particular observation was made 

of wells that had been lined with cement by the MASL and may 

be a coincidence, but two explanations might be offered. 

The additional recharge in the area may be responsible for 

moving soluble salts into the wells that existed in the 

vadose zone originally, or that are increased because of 

agricultural activity. On the other hand, the cement lining 

may inhibit movement or washing of salts away from a well. 

Villagers also often commented that water quality 

deteriorated in the dry season and that they had to use 

different wells for drinking water during that season. This 

behavior will be further illustrated in Chapter 4 which 

describes domestic water utilization. Concentration of 
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salts and slower groundwater movement due to less recharge 

could account for water quality deterioration during the 

drier part of the season. 

3.3.6 Groundwater Quality Sample Descriptions 

Following are individual descriptions of the 

locations and analytical results of the groundwater quality 

samples that were collected. Each description includes a 

Stiff Diagram to graphically display the results. The 

chemical quality of the samples can also be compared on the 

Trilinear Diagram that was presented in Figure 8. 

3.3.6.1 Junction well. Palugaswewa fPJW^: Sample No. 3. 

This sample was taken from the main community well in 

Palugaswewa, across the street from the Palugaswewa primary 

school at the junction on the main road. The well is sited 

about 25 yards north and downgradient of the main left bank, 

and about ten yards from the SD3 distributary canal that 

runs northward along the southwest part of Palugaswewa and 

is fed by the main canal. The well is located in brown 

soil. The well was built by the MASL and is made of sturdy 

construction with thick cement rings roughly six feet in 

diameter. It is uncovered and without a cement pulley-

holder. The well is extensively used for drinking water 

mostly by Palugaswewa residents. 

The water in this well was a sodium/potassium, 
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chloride, bicarbonate water. Total salts and electrical 

conductivity were among the lowest of all the groundwater 

samples collected (260 mg/1 and 370 mg/1 respectively). The 

water quality data from the main canal (Sample No. 1), 

discussed in the previous section, showed similarly low 

values for total salts and electrical conductivity (190 mg/1 

and 460 mg/1 respectively) though with a more calcium, 

bicarbonate characteristic and a somewhat lower percentage 

of chloride. The short distance to the main canal and the 

distributary canal, and similar water quality suggest that 

this well is recharged by the main canal water. Calcium is 

probably readily replaced by sodium and chloride is 

dissolved by water movement through the aquifer. Sulfates 

were also higher in the well water than in the canal water. 

The concentration of magnesium (10 mg/1) was among the 

lowest in the sample set, and was the same as that in the 

main canal water. This was the only water in the sample set 

that was soft1. 

•'•Qualifications regarding hardness are based on the sum of the 
concentrations of calcium and magnesium. Hardness values of 20 
mg/1 and below are considered soft; values from 30 to 40 mg/1 are 
considered moderately hard; values from 50 to 60 mg/1 are 
considered hard; and values above 60 mg/1 are considered very hard. 
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3.3.6.2 House No. 90. Paluaaswewa (P 90); Sample No. 4. 

Sample No. 4 was taken from a shallow unprotected well at 

House No. 90 in Palugaswewa that was used only for washing 

pots and dishes by the family on whose lot it is located. 

The well is sited in LHG soil roughly 167 yards east of the 

SD3 distributary canal, and 300 yards north of the main 

canal. 

While the water level contours in Figure 6 suggest 

an anomalous avenue for recharge from the distributary 

canal, by the time the water has reached this well it has 

picked up a substantial amount of total salts (1110 mg/1). 

Roughly estimating total dissolved solids by multiplying the 

electrical conductivity (1480 micromhos per centimeter) by 

0.7, the resultant value of 1036 mg/1 can be classified as 

brackish. Water with total dissolved solids between 1000 

mg/1 and 10,000 mg/1 is considered brackish by Davis and 

Dewiest (1966). The water was a sodium/potassium, chloride, 

bicarbonate water which tastes "kiyule," or limey. The 

percentage of sodium compared to calcium was much higher 

than that in the community well and in the main canal. The 
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percentage of bicarbonate was slightly lower, though the 

actual concentration of bicarbonate and carbonate was higher 

than the majority of groundwater samples. The chloride 

concentration (280 mg/1) was also among the highest in the 

sample set, exceeding the U.S. SMCL. The soil in this well 

showed a fair amount of mottling, indicating that it had 

been exposed to water level fluctuations. This well is 

located near at possibly in what was once the ancient wewa 

described earlier. The soils may have accumulated salts as 

water in the tank evaporated once abandoned. The water was 

moderately hard. 
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3.3.6.3 House No. 77. Paluaaswewa fP 771; Sample No. 5. 

This sample was taken from a shallow, unprotected well at 

House No. 77 in Palugaswewa which was also used only for 

washing pots and dishes by the family on whose lot the well 

is located. The well is located on a small hill in brown 

soil at least 900 yards from any irrigation recharge source. 

The total salt concentration (470 mg/1) was 

slightly below the median for the entire sample set, and the 

lowest of the five wells that were not used for drinking 
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water. The electrical conductivity value (790 mg/1) 

however, is the second lowest for the five non-drinking 

water wells. The water was a chloride, sodium/potassium, 

calcium, magnesium type of water, with one of the highest 

percentages of chloride of all the samples. The well owners 

claimed that the water tasted "kiyule." These 

circumstances point to a conclusion that chloride 

concentrations may influence electrical conductivity more 

than other ions and that chloride also affects taste more 

strongly than the other salts. The chloride concentration 

(160 mg/1) was the highest of all the samples from wells 

sited in brown soils, but had the median concentration of 

the non-drinking water well samples. The water was very 

hard. 
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3.3.6.4 House No. 71. Paluaaswewa CP 77): Sample No. 6. 

This sample was taken from a shallow covered well with hand 

pump that was provided by the Mahaweli, located at House No. 

71 in Palugaswewa. The well is located on LHG soils at 

least 1100 yards from any irrigation-related recharge 

source. The well is used only by the family on whose lot it 
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is located for washing dishes pots and clothing, for 

cooking, and for watering livestock. The water is not used 

for watering the large garden because it is apparently 

detrimental to the growth of the plants. The water tastes 

very rusty but reportedly had only become undrinkable in the 

last four years. 

The water in this well had the highest values for 

total salts and electrical conductivity in the sample set 

(1590 mg/1 and 1640 umhos/cm respectively), and can be 

classified as brackish. The electrical conductivity 

multiplied by 0.7, provides a rough estimate of 1148 mg/1 

total dissolved solids. The water can be classified as a 

chloride, calcium, magnesium water and had the highest 

percentage of chloride in the sample set and a very high 

percentage of calcium relative to the other samples. The 

magnesium, calcium and chloride concentrations (220 mg/1, 

220 mg/1, 580 mg/1 respectively) were the highest in the 

sample set. Though the pH values reported were probably not 

representative of the actual pH due to the rough handling of 

the samples, this sample had the lowest relative pH of all 

the samples (8.18 Standard Units) which may account for its 

corrosive action on the steel hand pump causing the rusty 

taste. The ion balance for this water quality sample showed 

a 34% difference which is fairly high. The anion analysis 

is apparently deficient. The water was extremely hard with 

the highest value for hardness of all the samples. 



85 

K + No 

Co 

Mg 

15 
rtllllequlvalents per liter 

10 5 0 5 10 15 
£ 

cz z 

zl 

CI 

HCD3 

S04 

P 71, N(jr>-olr/nl<lng Voter, LHG sited 

3.3.6.5 House No. 108. Paluaaswewa (P 108): Sample No. 7. 

This sample was collected from a shallow, unprotected well 

at House No. 108 in Palugaswewa. The well is sited in RBE 

soils on the top of a small incline roughly 800 yards from 

the nearest source of irrigation recharge, the SD3 

distributary canal. The well is used by about 13 families 

for drinking water but less water is used in the dry season 

because the water level goes down and the water quality 

apparently degrades when there is no water flowing in the 

canals. Bathing and washing clothes are sometimes done at 

the well. 

The water in this well was a chloride, 

sodium/potassium water with the second highest percentage of 

chloride and the second highest chloride concentration (220 

mg/1) in the sample set. The total salts in this well were 

fairly high for drinking water wells (650 mg/1) and the 

electrical conductivity (710 umhos/cm) was the highest in 

the drinking water category. This water appeared to be 

similar to, but of lower quality than Sample No. 5 which was 

from a well that is not used for drinking. The great 
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distance to alternative, more desireable drinking water 

sources may explain why this well was used for that purpose. 

The water was very hard. 
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3.3.6.6 House B. Paluaaswewa CP : Sample No. 8. This 

sample was taken from a shallow, unprotected well about four 

yards east of the SD3 distributary canal. Paddy fields lie 

immediately to the west of the distributary canal. The well 

is located in brown soil. Two or three families use the 

water for drinking purposes. The well is on encroached 

highland. The water tastes good. 

As with the water quality in the community well 

(Sample No. 3), this sample showed low values for total 

salts and electrical conductivity (260 mg/l and 370 umhos/cm 

respectively). Water from this well, however appeared even 

more like the surface water collected at the main canal in 

that the percentage of calcium was higher and the percentage 

of chlorides lower. The concentration of chlorides (30 

mg/l) was the lowest value in the groundwater samples, 

though two other wells (both also quite close to 

distributary canals) also showed similar concentrations of 
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chloride. The water was a calcium, magnesium, bicarbonate 

water. The extremely short distance to the recharging 

distributary canal may not have been enough distance for the 

replacement of calcium by sodium. The effect of recharge 

from the distributary canal is apparent in the well 

immediately, with water levels in the well responding to the 

water level in the canal within hours. This well also 

showed a 34% difference between milliequivalents of cations 

and anions. This difference may be attributable to nitrates 

in that the paddy fields are so close and because the well 

is extremely unprotected. The water was hard. 

nil'virqulvalen'ts per 

K *• Ha 

Ca 

HO 

J 
/ 
/ 
\ 
/ 
/ 
/ / 

a 

tfCOO 

S04 

P B, Drinking Vatir brown sort sl i td 

3.3.6.7 House No. 58. Palucraswewa fP 58): Sample No. 9. 

This sample was taken from a shallow, unprotected well at 

House No. 58 in Palugaswewa. The well is sited in RBE soils 

about 150 yards from the D2 distributary canal. The well is 

used by about ten families primarily for drinking water 

during most of the season. The number of families using the 

well, and the amount of use made of the well is reduced in 

the dry season when the water becomes more limey, and people 

prefer to use the well at House No. 56. 
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The water in this well was a sodium/potassium, 

calcium, magnesium, bicarbonate water with roughly equal 

percentages of calcium and chloride, and a slightly higher 

percentage of sodium. The value for total salts (480 mg/1) 

was slightly lower than the median value for the groundwater 

sample set. The value for electrical conductivity (590 

umhos/cm) was the median value. The water was very hard. 
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3.3.6.8 House No. P 120 (P 1201: Sample No. 10. This 

sample was taken from a shallow, unprotected well at House 

No. 120 in Palugaswewa. The well is sited in brown soil 

about 100 yards from the D2 distributary canal. The well is 

used by four families for washing dishes and pots, and 

occasionally for bathing and for washing clothes when the 

distributary canals are not running. The well located 

closer to the distributary canal (Sample No. 11) was 

preferred for drinking water. The water tastes "kiyule." 

The water in this well was a sodium/potassium, 

bicarbonate water with high total salts and electrical 

conductivities (820 mg/1 and 930 umhos/cm respectively). 

The carbonate and bicarbonate concentrations in this well 
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(510 mg/l and 440 mg/l respectively) were the highest in the 

sample set, the carbonates being almost an order of 

magnitude higher than the next lower carbonate value. This 

sample showed unusually high values for water from wells 

sited in brown soils in total salts, electrical 

conductivity, carbonates, bicarbonates, and 

sodium/potassium. The water was moderately hard. 
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3.3.6.9 House No. 120. paddy well (P 120P1; Sample No. 11. 

This sample was taken from a shallow, very unprotected well, 

located at the edge of the paddy field, about two yards from 

a field canal, on the other side of House No. 120 in 

Palugaswewa. The well is sited on LHG soils. The well is 

used by nine families for drinking and for washing clothes 

and bathing if the field canal is not running. Several 

field workers also use the well, not only for drinking 

purposes, but sometimes to rinse out insecticide or 

herbicide applicators. The water tastes good but had a 

white-murky look to it. 

The water in this well appeared to be anomolously 

good for wells sited in LHG soils. The water quality was 
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distinctly different than the water in the other nearby well 

at House No. 120 (Sample No. 10). The very close proximity 

to the recharge source may move the salts away from the well 

quickly. The water was a sodium/potassium, magnesium, 

bicarbonate water with low total salts and electrical 

conductivities (280 mg/1 and 370 umhos/cm respectively), 

again similar to surface water quality. The concentration 

of chloride (30 mg/1) in this well was among the lowest 

three values in groundwater samples. 

As described above however, the ion balance showed 

a 60% difference. This difference is expected to be 

attributable to nitrates because the well is so close to the 

paddy fields. Back-calculating to the concentration if one 

were to assume that the entire difference were due to 

nitrates, a value of 72.25 mg/1 of nitrates as nitrogen is 

obtained. This value is more than seven times the United 

States Maximum Contaminant Level1 (MCL) which is 10 mg/1. 

The water was hard. 
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3.3.6.10 House No. 4. Hurigaswewa fH 4): Sample No. 12. 

This sample was taken from a shallow, unprotected well 

located at House No. 4 in Hurigaswewa. The well is located 

in RBE soils and lies roughly 120 yards from the D2 

distributary canal. The well was used for drinking water by 

about nine families. The water tastes good and looked 

clear. 

The water in this well was a sodium/potassium, 

magnesium, bicarbonate water with rather high total salts 

(750 mg/1) and an unusually low electrical conductivity (330 

umhos/cm). The chloride concentration (30 mg/1) was among 

the three lowest groundwater analyses. The value for 

magnesium (10 mg/1) was also among the lowest. The water 

was moderately hard. 

nldlequivalents per liter 

K +• No 

Ca 

Mg 

15 10 10 15 CI 

HCD3 

S04 

H 4, Drinking Vater, RBE sited 

3.3.6.11 House No. 2. Huriaaswewa fH 2): Sample No. 13. 

This sample was taken from a shallow, cement-lined well, 

improved by the MASL, at House No. 2 in Hurigaswewa. This 

well is located across the path from House No. 4 (Sample No. 

12), is also located on RBE soils, but is only used for 

washing dishes and pots, and occasionally for bathing. The 
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well is located about 300 yards form the D2 distributary 

canal. The water tastes slightly limey. 

The water in the well was a calcium, magnesium, 

chloride, bicarbonate water. The water was lower in total 

salts (670 mg/1) than Sample No. 12, but had a higher 

electrical conductivity (600 umhos/cm). The water had a 

higher percentage of calcium and lower percentage of 

chloride, though the concentrations of calcium and chloride 

(50 mg/1 and 40 mg/1 respectively) were both higher than 

Sample No. 12 which showed concentrations of 20 and 30 mg/1 

respectively. The concentration of bicarbonate (250 mg/1) 

in this sample was also higher than in Sample No. 12 (140 

mg/1). The water was very hard. 
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3.3.6.12 House No. 26. Huriaaswewa (H 26): Sample No. 14. 

This sample was collected at a shallow, cement-lined, 

covered well with hand-pump that was provided by the MASL at 

House No. 26 in Hurigaswewa. The well-cover had recently 

been replaced but had been pushed aside for the previous 

three years because the pump was not working. The well is 

sited on RBE soil about 600 yards from the D2 distributary 



93 

canal and about 700 yards downgradient of the Hurigaswewa 

Tank. The water is used for drinking. 

The water in this well was a sodium/potassium, 

calcium, magnesium, bicarbonate water. Concentrations of 

calcium, carbonate, magnesium, (60 mg/1, 60 mg/1, 40 mg/1 

respectively) were among the highest in the sample set. 

Sulfates were saliently high (30 mg/1) in this well, as in a 

well on the other side of the paddy fields below the tank. 

The water was very hard, second only to the sample from the 

other hand-pump (Sample No. 6). 
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3.3.6.13 House No. 48. Hurigaswewa (H 48); Sample No. 15. 

This sample was taken from a shallow, cement-lined well, 

improved by the MASL, at House No. 48 in Hurigaswewa. The 

well is used for drinking water and is subject to more 

intense use in the dry season when the canals are not 

flowing. The well is sited on RBE soil about 100 yards from 

the D1 distributary canal. 

The water in this well was a chloride, sodium, 

bicarbonate water. Concentrations of sulfate and chloride 

(30 mg/1 and 170 mg/1 respectively) were relatively high. 
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The water was hard. 
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3.3.6.14 Junction well. Huriaaswewa (H JW): Sample No. 16. 

This sample was taken from a shallow, cement-lined well, 

built by the MASL, located about 50 yards from the D1 

distributary canal near the junction in Hurigaswewa. The 

well is sited on brown soil and is used for drinking 

purposes by one family. 

The water in this well was a calcium, magnesium, 

bicarbonate water with near median values in total salts and 

electrical conductivity (580 mg/1 and 520 umhos/cm 

respectively). The water was hard. 
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3.3.7. Conclusion 

The data illustrate that average groundwater quality in 

Palugaswewa is worse than in Hurigaswewa. The very low 
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percentage of wells used for drinking water (28%) in 

Palugaswewa as opposed to 80% drinking water utilization of 

wells sited in Hurigaswewa is strong evidence. The 

predominance of LHG soils in Palugaswewa with their 

corresponding, characteristically poor-quality water, as 

opposed to the predominance of brown and RBE soils that 

render fairly good quality water, further suggests that 

water quality in Palugaswewa is generally poorer than in 

Hurigaswewa. Additionally, more wells in Palugaswewa are 

located at a greater distance from irrigation-related 

recharge sources and there are no natural surface water 

recharge sources. It can generally be seen that the farther 

the recharge has to move through the aquifer, the more salts 

are picked up, the lower the quality, and the less 

desireable the water for drinking. Chloride concentrations, 

which apparently have the most significant affect on taste 

likewise generally increase with longer travel distance from 

recharge sources. 

Domestic water availability in Palugaswewa was 

also shown to be lower than in Hurigaswewa. Both surface 

water and groundwater are more plentiful in the ancient 

village, with its additional natural surface water, and 

closer proximity to irrigation works. These factors 

contribute to the greater supply and quality of groundwater 

in Hurigaswewa. However, nitrate concentrations probably 

rendered several of the wells unsuitable from a health 
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standpoint, especially those closest to recharge sources 

which were desireable from a water-availability standpoint. 

Since nitrates do not influence taste, villagers are not 

generally deterred from using the water for drinking water. 

This is unfortunate because these wells are heavily used, 

especially during the dry season. In the next chapter we 

will see how domestic water utilization is related to the 

availability and quality of the domestic water supply. 
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CHAPTER FOUR 

DOMESTIC WATER UTILIZATION 

This chapter presents a detailed description of 

domestic-water utilization in the study area. Observations 

regarding behavior related to domestic-water utilization are 

important for appropriate water systems planning. Important 

considerations include: quantities of domestic water used, 

the purposes for which domestic water is used, user 

preferences for particular sources and water quality, and 

domestic water use patterns that may be related to 

limitations and lifestyles. The choice of water source for 

domestic uses traditionally is evaluated on the basis of 

access, taste, smell and color. Availability, need, 

accessibility, quality, preferences and costs determine the 

utilization of a particular source. Surface water and 

groundwater are used for domestic purposes in the village, 

usually for different specific domestic water needs. 

Issues related to domestic water that were identified 

through formal and informal interviews with villagers are 

discussed. Data are presented regarding the particular uses 

and the domestic water users at representative sources. 

Enumeration was conducted by teams of village women who 

observed water use at the selected sources. Figure 11 shows 
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the location of each selected enumerated domestic water 

source. Notes were recorded on pads about the utilization 

of each source throughout an entire day, from dawn till 

dark. Observations were usually conducted for three 

consecutive days at each source. Data were collected for 

each visit made to the source. The time and date of arrival 

at the source, the address, the gender and the age of every 

user were recorded. For surface water sources, additional 

data recorded included: length of time spent at the source, 

activities performed, and alternative surface water sources 

used. If water was collected for use at the home, the 

volume and use for which it would be put were also recorded. 

For drinking water sources, additional data included: the 

volume of water collected, the use to which it would be put, 

and the number of members residing in the house to which the 

water would be carried. The latter was recorded in order to 

estimate the per capita quantity of water that was 

collected. 

Many of the sources were enumerated in this fashion 

more than once during the study period. The purpose for 

repeated enumeration was to determine whether or not 

utilization patterns changed as the season became drier and 

irrigation recharge was not as plentiful. Appendix D 

contains the raw data used for this chapter. 
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4.1 Surface Water 

The main domestic uses made of surface water observed 

in the study area were bathing, washing clothes, playing, 

washing dishes, wallowing and watering livestock, fishing, 

curing palm fronds for weaving cajans for roofs and other 

things, and various other purposes. Surface water in canals 

was sometimes diverted or pumped from the original source by 

villagers to irrigate gardens and to supply construction 

needs, though this was not condoned by the MASL. Water was 

sometimes carried from surface water sources for drinking or 

cooking water needs if it were more convenient than 

groundwater sources or if groundwater sources were not 

available. 

Five surface-water locations in the study area were 

observed and enumerated. The most popular spot on the main 

canal in Palugaswewa, the Hurigaswewa tank, convenient spots 

on distributary canals in Palugaswewa and Hurigaswewa, and 

the most popular spot at the Kala Oya were enumerated during 

the course of the study. Each enumeration source will be 

discussed separately below. Appendix E contains figures 

that show visitor times of arrival at each enumerated 

surface water source. Appendix F contains figures showing 

the age groups of the visitors, and the number of female and 

male visitors at each surface-water enumeration source. 

Table 6 shows the summarized results of enumeration at 
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surface water sources. 

Representatives from 86 households, or 95% of all 

households in Hurigaswewa were observed at least once at one 

of the enumerated surface water sources. Seventy-two 

households, or 77% of the households in Palugaswewa were 

represented -at at least one of the enumerated surface water 

sources. 

4.1.1 Main canal, Palugaswewa 

Enumeration was conducted by field assistants at a 

popular spot on the main canal, near the bridge on the road 

from Meegalewa and the junction of the main road and the 

road leading to Hurigaswewa. Several paths lead to the 

canal all along its sides, though this spot was convenient 

for many. Favored spots usually are near concrete 

structures such as bridges on the canal, because these 

afford convenient surfaces on which to pound and wash 

clothing. During normal periods when average irrigation 

flows are released, the water in the canal is about five 

feet deep and is thus convenient for easy bathing. 

The selected spot on the main canal was enumerated 

three times, once in early July, once in early August, and 

once in mid-August. The flow in the canal had been 

substantially lowered during the latter period to less than 

two feet by the third day. No one showed up at the canal on 

the last day, so no data is presented. Representatives from 



TABLE 6 
Surface Water Enumeration Summary 

Location 
Dates 
Enumerated 

Total 
No. HH's1 

Represent-
ed 

Ave. No 
HH's per 
Day 

Ave. Dist 
per HH 
(yards) 

Ave. Dist 
per Visit 
(yards) 

Ave. No, 
Vistis 
per Day 

PMC 7/5,6,7 90 51 + 2.62 734 + 71.2 667 + 67.4 127 + 11.0 
8/3,4,5 46 27 + 4.0 596 + 59.0 589 + 41.6 58 + 15.7 
8/11,12,13 36 14 + 11.9 632 + 12. 03 629 + 3.53 36 + 31.4 

PDC2 8/13,14,15 27 16 + 4.7 201 + 58.5 153 + 49.5 51 + 23.3 

HKO 7/9 42 42 567 425 162 
8/5,6,7 64 47 + 1.0 614 + 55.9 480 + 12.2 176 + 11.8 
8/29,30,31 77 56 + 3.0 677 + 72.7 562 + 27.9 203 + 16.1 

HDC2 7/16,17,18 25 16 + 4.5 215 + 34.2 169 + 17.0 46 + 24.4 

HTK 7/5,6,7 69 45 + 5.5 477 + 16.2 449 + 23.3 125 + 21.0 
8/14,15 31 20 + 4.2 447 + 21.2 390 + 21.2 49 + 11.3 

^•HH's = Households. The number represents the total number for the enumeration period. 

Uncertainty is expressed as one standard deviation for the daily average values. All 
values are so expressed. 

3The figures shown represent the first two days only; no visitors arrived on the third 
day. 
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a total of 87 households in Palugaswewa were observed to 

utilize the spot selected, and three houses in Hurigaswewa 

were represented. 

Ninety households were represented during the first 

enumeration period with an average of 127 visits per day. 

The average distance from the spot per household represented 

was 734 yards. The water level in the canal during this 

period was about five feet. During the second enumeration 

period in early August, only 46 houses were represented, 

with an average distance per household represented of 589 

yards. The water level during this enumeration period had 

been lowered somewhat, to about four feet, so people 

appeared not as eager to visit this source. During the last 

enumeration period, only 36 households were represented with 

an average distance per household of 629 yards. Other 

sources had dried up substantially by this time so people 

had fewer choices. The average number of visits for the 

first two days was 63, and no one visited on the third day 

when the water level was about two feet. 

It can thus be seen that utilization of the canal 

decreased by about two-thirds as the water level was lowered 

due to the decrease in irrigation releases late in the 

season. The user population traveled less distance to visit 

the canal as well. The lower water levels made bathing more 

difficult, and the water quality appeared more turbid. 

These factors apparently deterred water users who might 
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instead travel the extra distance to the Kala Oya or use 

well-water for bathing and washing clothes during these 

periods. One problem expressed by the villagers was the 

fact that in the driest part of the season when the water 

level was down, many people contracted conjunctivitis. This 

was probably properly attributed to the water quality in the 

canal. With the lesser quantities of water, infection can 

be expected to be spread more easily. 

The figures in Appendix E show visitor arrival times 

disaggregated by gender, and the number of female and male 

visitors in various age groups. The figures represent each 

visit, and do not account for the fact that any particular 

person may have visited more than once. All of the figures 

in Appendices E and F are so presented. In all three 

enumeration periods, most usage took place in the afternoon, 

between about 2:00 and 7:00 P.M. The heaviest use was from 

5:00 to 7:00 P.M. which corresponds to the finish of a day's 

work in the paddy fields. Men occasionally used the river 

in the morning for washing up before going to the fields, 

but most people thought that the temperature was too cool in 

the morning. 

The figures in Appendix F show that in the earlier 

part of the season there apparently were more male visitors 

at the main canal than female visitors, although this does 

not appear to be the case later in the dry season. An 

explanation might be that the women are more inclined to use 
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the distributary canals closer to their homes when water in 

the distributary canals was available, due to time 

constraints. Later in the season when little water was 

released to the distributary canals, they seemed to visit 

the main canal with the same frequency as men. Additional 

information on the time use by women is presented in the 

following Chapter to support that women carry heavy 

workloads, thus affirming their limited available time. 

4.1.2 Distributary Canals 

Distributary canals were used only during the three 

days in the schedule when water flowed through them. No use 

was made of the distributary canals during the off-days 

because they became dry. The shallow water depth and closer 

proximity to houses may have contributed to the fact that 

distributary canals are used especially for washing dishes 

and for cooking water. Women and their accompanying 

children most frequently visited the distributary canals. 

Some villagers had dug out small areas of the canal to 

afford them easier access for washing pots and collecting 

water. Palm fronds were often soaked in the distributary 

canals so that their consistency would become suitable for 

weaving into the cajans that were used for roofs and other 

various purposes. Diversions were also observed for the 

purpose of directing water to lots on which villagers were 

constructing their mud houses, or for watering gardens. 
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Villagers would also sometimes tether their livestock along 

the sides of the distributary canals so that they could 

drink the water. Children used the canals to play and were 

reported to use the distributary canals for defecation, thus 

rendering the canals less desirable for bathing. 

Particularly deep spots on the canals were used by some for 

bathing and washing clothes. The water in the distributary 

canals flowed more slowly and the water was muddier than in 

the canals. 

One common bathing spot on a distributary canal in 

Palugaswewa was enumerated and a similar spot in Hurigaswewa 

was enumerated. Each spot was enumerated only once during 

the study period. The amount of water that flowed in the 

distributary canals during "on-schedules" did not vary 

substantially during the season, so utilization throughout 

the season was not expected to vary. The average water 

level, when flowing, was about three feet. When the canals 

were not flowing, no use was made of them. 

The distributary canal in Palugaswewa was enumerated 

in mid-August. The user population at each spot was fairly 

local. Twenty-seven houses were represented at the 

observation point during the enumeration period and the 

average number of visits per day was 51. The average 

distance per household represented was 201 yards. The 

distributary canal in Hurigaswewa was enumerated in mid-

July, and the statistics were about the same. Twenty-five 
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houses were represented throughout the enumeration period 

with an average of 46 visits per day. The average distance 

per household was 215 yards. Apparently, villagers would 

not walk very long distances in order to use the water in 

the distributary canals. Either they traveled the extra 

distance to the better flowing main canal or other sources, 

or they used other more convenient spots on the canal. 

Arrival times at the distributary canal in Hurigaswewa 

appear similar to arrival times at the main canal, 

predominantly in the afternoon with the heaviest use around 

5:00 P.M. A higher percentage of use appeared to take place 

in the morning and at noon at the distributary canal in 

Palugaswewa. In both cases the number of female visitors is 

proportionately higher than males and the number of children 

under the age of 15 is more than half of the total user 

population. This supports the hypothesis stated above 

regarding the fact that women need to use more local sources 

due to time constraints, and because their workload 

generally includes the washing of pots which is more 

conveniently done in the distributary canals. 

4.1.3 Hurigaswewa Tank 

The Hurigaswewa tank is regulated for irrigation 

through a sluice that feeds the paddy fields below its berm. 

The tank was also used for the usual bathing and washing of 

clothes. Children played at the tank more frequently than 
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at other surface water-sources because high banks afforded 

fun jumping spots, and because of the shady, pleasant 

environment. A couple of boys regularly brought a few water 

buffalo to wallow in the outer-lying areas of the tank. 

Some people also caught small fish in the tank. As the dry 

season wore on and irrigation had ceased prior to the 

harvest season, the water level in the tank decreased. The 

water level appeared to be about six feet in the center of 

the tank in July, and had dropped about 1.5 feet by mid-

August. The water also appeared to become more stagnant 

during the latter part of the season. 

Enumeration was conducted twice, once in early July, 

and once in mid-August. The tank was used by a more wide

spread population than the distributary canals, though less 

so than the main canal or the Kala Oya. The number of 

houses represented at the tank in July was 69 with an 

average of 125 visits per day, and an average distance per 

represented household of 477 yards. By August the usage had 

dropped substantially, with only 31 houses represented and 

an average of 49 visits per day. The distance per household 

dropped only slightly, however. These facts point to the 

fact that the water quality and quantity in the tank had 

become less desirable in the later part of the season. 

Arrival times at the Hurigaswewa tank in July were 

similar to the main canal, again predominantly in the 

afternoon, with the heaviest use between 3:00 and 7:00 P.M. 
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In August a peak can be seen around 3:00 P.M. Children 

would consider the morning too cold to play in the water and 

since they appear to be the most frequent users, the 

exhibited heavy use times are thus explainable. The number 

of male visitors is basically the same as female visitors, 

again probably because the predominant user group is 

children and thus not weighted toward either sex. 

4.1.4 The Kala Oya 

The river near the bridge leading to Katiawa was the 

preferred surface water source in the study area because of 

its aesthetic setting and because the water there flows 

fastest and is deep and cool. Thus, the water is probably 

fairly clean due to oxygenation. The water level dropped 

somewhat through the study period, probably by about three 

feet. The user population at the Kala Oya was largest of 

the various surface-water sources enumerated, and use may 

also have been due to its social attractiveness. However, 

the Kala Oya, being on the far side of the two villages, was 

not entirely convenient for all villagers. Many villagers 

would only use the Kala Oya if they had extra time, or if 

other more convenient sources were undesirable and water 

availability low. The main uses of the Kala Oya were for 

bathing, washing clothes, and playing. Water buffalo were 

wallowed in the river though not near the popular spots for 

bathing. 
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The people that collected drinking-water from the Kala 

Oya were generally seasonal encroachers who worked as 

agricultural laborers and lived on the banks of the river. 

One resettler family drew drinking water from the river 

because they were feuding with their neighbors who would not 

allow them to use their well. 

Only data collected from the Hurigaswewa side of the 

river is presented in this thesis. The information 

presented represented about 65% of the total utilization at 

this point. Many villagers came from Katiawa to use the 

river and they usually used the other bank of the river. 

Utilization was enumerated for three separate intervals, 

once for one day in early July, once for three days in early 

August, and once for three days in late August. A total of 

67 households from Hurigaswewa were represented in the user 

population at least once during the enumeration periods, and 

ten households from Palugaswewa were represented. Seven 

households in Katiawa were also represented during the 

enumeration period, as were several travelers and MASL 

officials. 

Utilization of the Kala Oya appeared to increase 

significantly as the dry season wore on and other sources 

became less desirable. During the first enumeration period 

in July, 42 houses were represented and 162 visits were 

made. The average distance of the households whose members 

visited the river was 567 yards. During the second 
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enumeration period the total number of houses represented at 

the river was 64, with an average of 176 visits per day. 

The average distance per house was 614 yards. Thus, during 

early August, visitors from a larger number of households 

frequented the river, and came from a farther distance. By 

the end of August the number of households whose members 

visited the river during the three day enumeration period 

was 77. The average number of visits per day was as high as 

203 and the average distance per represented household was 

677 yards. No one from Palugaswewa visited the river during 

the first enumeration period. Visitors from two houses in 

Palugaswewa visited during the second, and eight houses in 

Palugaswewa were represented during the last enumeration 

period. 

The intense use of the river in the latter part of the 

season and the slightly lower flow caused fairly common 

incidence of conjunctivitis reported among the user 

population during that period. 

Arrival times at the Kala Oya were similar to the main 

canal, as were the proportions of male and female visitors. 

More male than female visitors used the river during all 

three enumeration periods. The explanation offered is the 

same as that for the main canal, wherein the time 

constraints placed on women preclude their use of the river 

which was generally farther away from their homes than other 

surface water sources. No indication was given by the 
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villagers that women preferred to use the Kala Oya any less 

than the men. Most people, in fact, preferred the Kala Oya 

as a bathing spot. 

4.1.5 Conclusion 

Surface water was used primarily for bathing and 

washing clothes, and for other non-agricultural needs as 

well. Use was predominantly observed during the late 

afternoon when the temperature was warm, and after the day's 

work in the paddy field. The more local sources were 

heavily used by children and by women, and were often used 

during the whole of the day. Men were the more frequent 

visitors in the morning and generally used the surface water 

for ablution on the way to the fields. 

The average household distance from the surface water 

source used, as seen in the enumeration data was 667 yards 

in Palugaswewa, and 560 yards in Hurigaswewa. Thus, though 

the figures are only representative of the sources selected, 

it can be concluded that the situation regarding the 

domestic water uses that are made of surface-water sources, 

is more difficult for the residents of Palugaswewa than for 

those in Hurigaswewa. This was expected from the discussion 

of surface water sources in Chapter 3, that showed that 

Hurigaswewa was in general located more proximal to surface 

water sources. 

Utilization of all the surface-water sources except 
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the Kala Oya decreased in the driest part of the season. 

Water quality and quantity decreased in all of the sources 

as irrigation decreased as the season wore on. Apparently, 

the Kala Oya remained preferable in the dry season, and 

villagers were willing or obliged to take the extra time to 

go there. The shift to the Kala Oya can be seen in the data 

as the utilization there appears to increase during the 

drier part of the season. Examination of the alternative 

bathing sources listed in the Domestic Water Source 

Inventory in Appendix C also show that the Kala Oya is a 

commonly reported alternative. Villagers will also opt to 

use the water in their wells for the purposes for which they 

more commonly use surface water, though this is cumbersome 

for bathing and not preferred. 

4.2 Groundwater 

As discussed in Chapter 3, the shallow aquifer is 

exclusively used for domestic-water needs in the study area. 

Groundwater is used primarily for drinking and cooking. If 

distributary canals are dry, not desirable, or not 

convenient, villagers will also carry water from wells to 

the home for washing dishes, watering gardens, watering 

livestock, and ablution. Babies are usually washed in tubs 

by the well. Sri Lankans do not think that it is wise to 

allow a baby to be washed with surface water. Sometimes 

children and adults will bathe with well-water, but their 
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preferences for using large quantities of water for bathing 

make this use inconvenient and undesirable. 

Water from the uncovered wells is hauled up with a 

dedicated bucket which is used by all users and left at the 

well. Water is then transferred to the individual's water 

container which is usually open and made of clay or metal. 

These containers usually are filled with about 15 to 20 

liters of water1. The water container is usually carried 

to the home rested on the hip. A few people will carry two 

water containers home. 

The Domestic Water Source Inventory presented in 

Appendix C lists all of the wells in the two villages. A 

total of 149 wells were sited in the study area, 142 of 

which were open, shallow wells. Seven wells were covered 

and equipped with hand-pumps and 43 were lined with cement 

or bricks. Table 7 summarizes the well types and their uses 

in each village. 

Thirteen wells were enumerated in the study area. 

Five wells were enumerated in Palugaswewa and eight wells 

were enumerated in Hurigaswewa. Some wells were selected 

because the user population was known to be large and some 

were selected based on the well type. The average number of 

households that use a particular well was less in 

Hurigaswewa than in Palugaswewa due to the greater 

1 All quantities regarding these domestic water uses are 
presented in liters because the enumerators measured the volumes 
with a two liter cup. 
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TABLE 7 

Well Types and Water Use 

Total 

Paluaaswewa 

Very unprotected 

Slightly protected 
Private cement 

MASL cement-lined 

Hand-pump 

Drinking 

20 

0 
1 

2 

1 

Non- Non-

Drinking Used 

25 

2 

12 

1 

10 

0 

4 

0 

55 

3 

18 

2 

TotalJ 

78 
24 40 14 

Huriaaswewa 

Very unprotected 

Slightly protected 

Private cement 

MASL cement-lined 

Hand-pump 

4 

19(5)2 

3 

10 

1 

2 

5 

0 

1 

0 

0 

2 

0 

7 

0 

6 

31 

3 

18 

1 

Total 37(5) 8 59 

^he figures given for total number of wells are slightly less 
than those given for the total number of wells found in the village 
because complete information was not obtained. 

2The number in parentheses represents the number of wells that 
were sometimes used for drinking water. 
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availability of groundwater, so more wells were enumerated 

to try to obtain a large sample of household statistics. 

Some wells were enumerated twice in order to observe whether 

utilization changed with the onset of the driest part of the 

season. Table 8 shows the numbers and types of wells that 

were enumerated for the study. 

Table 9 presents summarized results of enumeration 

conducted at the various wells. Family size was counted as 

the number of people staying in the house at the time the 

water was collected. These numbers changed from time to 

time when visitors were staying at a particular house. 

Averages were taken in those cases. The volume of water 

used from the source per person was calculated by dividing 

the average daily volume collected by the family size, 

regardless of the use to which the water would be made. 

TABLE 8 

Well Types Enumerated 

Palugaswewa Hurigaswewa 

Unprotected 3 2 

MASL cement-lined 1 3 

Private cement 2 

Hand-pump 1 1 

Total 5 8 



TABLE 

Location Total No. Ave No Ave Dist 
Dates HH's Rep- Visits per HH 
Enumerated resented per Day (yards) 

P JW 
7/2,3,4 28 55 424 

±6.1 ±10.5 

8/26,27,28 24 32 425 
±1.2 ±29.7 

H 4 
7/16,17,18 8 26 150 

±12.8 ±11.0 

8/26,27,28 9 50 145 
±12.5 ±73.7 

H 99 
9/4,5,6 1 18 20 

±3.8 ±0.0 

H 98 
7/19,20,21 6 39 60 

±2.3 ±8.9 

9/4,5,6 5 38 50 
±2.6 ±0.0 

H 5 
8/8,9,10 8 40 110 

±6.5 ±4.0 

9 - Continued 

Ave Dist Total Vol 
per Visit Collected 
(yards) per Day 

Ave Vol Per % 
Collect- capita for 
ed per HH vol. Dr W 

337 904 
±30.0 ±67.5 

420 396 
±29.7 ±5.3 

39 5 88 
±1.0 

19 4 89 
±3.4 

111 368 62 9 59 
±48.8 ±180.5 ±30.0 

53 619 131 8 29 
±23.5 ±165.4 ±60.1 

20 219 219 31 55 
±0.0 ±33.3 ±33.3 

31 404 97 12 59 
±1.0 ±111.2 ±13.8 

31 365 84 10 48 
±1.0 ±102.3 ±17.6 

59 
±4.6 

461 
±61.5 

66 
±8.1 

13 71 m 
-J 



TABLE 9 - Continued 

Location Total No. 
Dates HH's Rep-
Enumerated resented 

H 106 
8/11,12,13 4 

H 2 
8/9,10 6 

H JW 
8/11,12,13 1 

H 48 
7/22,23,24 8 

9/1,2,3 9 

Ave No Ave Dist Ave Dist 
Visits per HH per Visit 
per Day (yards) (yards) 

46 68 28 
±0.6 ±25.6 ±6.6 

36 135 81 
±0.0 ±30.4 ±0.7 

10 67 67 
±1.2 ±0.0 ±0.0 

31 114 78 
±4.2 ±11.2 ±13.6 

41 122 82 
±3.6 ±0.0 ±3.2 

Total Vol Ave Vol Per % 
Collected Collect- capita for 
per Day ed per HH vol. Dr W 

978 285 48 25 
±476.0 ±184.6 

541 109 25 0 
±50.9 ±9.2 

180 180 41 89 
±37.1 ±37.1 

332 52 6 72 
±41.4 ±19.0 

616 79 13 61 
±106.8 ±12.3 



Location Total No. 
Dates HH's Rep-
Enumerated resented 

P 58 
8/8,9,10 10 

9/1,2,3 9 

P 108 
7/16,17,18 13 

8/29,30,31 12 

P 1201 

7/9,10,11 7 

9/4,5,6 6 

P 71 
7/19,20,21 1 

TABLE 9 
Groundwater Enumeration Summary 

Ave No Ave Dist Ave Dist Total Vol Ave Vol Per % 
Visits per HH per Visit Collected Collect- capita for 
per Day (yards) (yards) per Day ed per HH vol. Dr W 

20 
±3.8 

188 
±11.5 

128 
±22.0 

226 
±69.8 

32 
±10.3 

72 

17 
±1.5 

170 
±20.6 

123 
±20.5 

203 
±12.9 

32 
±4.7 

73 

57 88 65 858 65 11 67 
±4.4 ±0.0 ±6.6 ±143.6 ±7.5 

37 85 59 399 37 5 54 
±4.5 ±15.6 ±13.7 ±44.0 ±6.1 

22 305 154 259 54 7 89 
±2.6 ±18.6 ±30.2 ±47.2 ±24.0 

13 178 134 182 44 4 73 
±3.0 ±64.2 ±39.6 ±56.0 ±23.6 

28 20 20 280 280 49 
±8.6 ±0.0 ±0.0 ±48.7 ±48.7 

vo 

^Volumes collected include those collected by paddy farmers; only household distances 
are included. 
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A total of 51 houses were represented at the five 

sources enumerated in Palugaswewa, and 31 houses were 

represented at the eight sources enumerated in Hurigaswewa. 

The results of enumeration for each site are discussed 

below. Appendix G includes figures that show arrival times 

at the groundwater sources, and Appendix H includes figures 

showing the number of male and female water collectors, and 

the number of visitors in each age group. 

The traditional, unlined wells were constructed by the 

members of the house on which the well was built, 

occasionally with the help of relatives or neighbors. The 

wells are usually about four to five feet in diameter and 

are unlined. Some wells were slightly protected, with wood 

or earth built up around the edges to prevent sheetflow, 

debris and possibly people from falling into the well. The 

wells sometimes had a wooden beam spanning across the top 

over which a bucket is pulled on a rope. 

Most MASL cement-lined wells were made of formed 

cement cylinders about four feet in diameter. The cement 

lining was about four inches thick. Sometimes an apron was 

poured which extended to a diameter of about eight feet. A 

cement pulley-holder was also sometimes added. The cement 

was often cracked. The one exception to this design was the 

community well at the junction in Palugaswewa. This well 

was much larger than the usual cement-lined wells that were 

distributed throughout the villages. The design of this 
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well was described earlier in the groundwater quality 

section. These larger community wells were observed in 

several other villages. Hurigaswewa did not have one. 

Privately improved wells were usually lined with thicker 

walls of cement or thick mud bricks. The MASL-provided 

hand-pumps were the built with the classic design seen in 

many parts of the world. 

Following are discussions of each groundwater source 

enumerated. The letters in parentheses are the 

abbreviations used on the location map shown in Figure 7. 

4.2.1 Junction Well, Palugaswewa (PJW) 

This was the main community well in Palugaswewa 

described in Chapter 3. As described in that Chapter, the 

water in this well was of very high quality. The well was 

enumerated in early July, and late in August. This well 

experienced the heaviest use of all the wells enumerated. 

Visitors traveled the farthest of any of the other wells 

enumerated in either village. 

During July, 28 households utilized the well with an 

average of 55 visits per day. A average total of 904 liters 

were collected per day. Eighty-eight percent of the water 

collected at this well was to be used for drinking water. 

This was a relatively high percentage compared to the other 

wells that were enumerated and indicates that other sources 

may have been used for non-drinking water purposes. The 
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average volume collected per day per household represented 

was 39 liters, which resulted in an average per capita 

consumption of the water collected at this well of five 

liters. These numbers are fairly low when compared to the 

statistics from the other wells. Water users probably 

collected water for other purposes from wells closer to 

their homes which may have had lower quality water. The 

average distance per user household was 424 yards. 

Utilization of this well apparently dropped as the dry 

season wore on. In August, the number of user households 

and the average distance per user household remained about 

the same. However, the number of visits per day dropped 

significantly to 3 2 and the average total volume collected 

per day dropped to 396 liters. The total average volume 

collected per household from the well also dropped to 19 

liters, and the per capita consumption from this well 

dropped to four liters. The percentage of water to be used 

for drinking purposes remained about the same. 

Water quality in the well may have deteriorated as the 

water level went down due to less recharge from the main 

canal, though most of the groundwater sources in Palugaswewa 

probably did the same. As discussed in Chapter 3, many of 

the wells in Palugaswewa became dry by September as did 

surface water availability. It is possible that since at 

that time many of the villagers had to travel to other 

sources for supplementary, non-drinking water supplies, that 



123 

they brought home the extra difference. 

The time-of-arrival figures in Appendix G show that 

water is collected primarily in the morning and early 

evening, probably corresponding to chores necessary for 

preparing food for the family. Almost three times more 

women collected water than men in July, and twice as many 

women collected water during the enumeration period in 

August. 

4.2.2 House No. 58, Palugaswewa (P 58) 

This unprotected well was enumerated twice, once in 

early August and once in early September. As described 

earlier, the well was sited in RBE soils, not far from the 

D2 distributary canal. The sample collected in August 

showed that the water quality was about medium for the 

drinking water samples collected. 

Though utilization of this well appeared to drop 

slightly in the latter part of the dry season, it would be 

difficult to say that the difference was significant. About 

72% of the water collected was used for drinking in both 

enumeration periods. The water quality in the well probably 

remained about the same, though the water level dropped more 

than two feet. Villagers reported that they tended to use 

the water at House No. 56 as the season wore on. That well 

was also sited in RBE soils but it was closer to the 

distributary canal and the water level dropped less than a 
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foot during the interval between which measurements were 

taken. 

Ten houses utilized the water at House No. 58 during 

the August enumeration period. Nine households were 

represented during the September enumeration period. The 

average number of visits per day, average total volume 

collected per day, volumes collected per household, average 

per capita consumption, and average distance per household 

all dropped slightly in September as well. 

Water is usually collected in the morning at this 

well, though the times of water collection in September 

appeared to be uniformly distributed. A far greater 

percentage of women collect water from this well than from 

the junction well. It may be that when farther water-

carrying distances are required, men share more often in the 

task. 

4.2.3 House No. 108, Palugaswewa (P 108) 

This well was also a traditional, unprotected well 

sited in RBE soil. This well however, was located much 

further from any irrigation recharge source. The well is 

located on a small hill in the south-central part of 

Palugaswewa. The water quality in this sample was among the 

poorest of the drinking-water samples, having the highest 

electrical conductivity and chloride concentrations of all 

the drinking-water samples, and in all of the set of the 
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samples collected from RBE-sited wells. The well was 

enumerated in mid-July and in late August. 

The total number of households that utilized the well 

and the average distance to the well per household using it 

remained about the same during the two enumeration periods. 

However, the average number of visits per day and the 

average total volume collected per day, per household and 

per capita dropped significantly. The percentage of water 

used for drinking also dropped from 67% to 54%. The 

relatively high volume of water collected at this well 

reflects the fact that the users were probably using it for 

all of their home-water needs. Most other nearby wells were 

located in LHG soils and the water quality in those wells 

may have been too poor even for cooking and washing dishes. 

During the July enumeration period, a substantial amount of 

water was used to establish a garden by the family who lived 

at House No. 108. This water use pulled up the average 

resulting in unusually high average volumes collected per 

day, per house, and per capita for Palugaswewa. 

Water in this well is also apparently collected more 

often in the morning. As at the well at House No. 58, a far 

greater percentage of women collect water from this well. 

4.2.4 House No. 12Op, Palugaswewa (P 12Op) 

This was an unprotected well located in a very low-

lying area, in LHG soil, not two yards from a farm turnout 
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at the edge of the paddy tracts. The water in this well was 

abundant during, and somewhat after the irrigation season. 

Sufficient water remained slightly longer than at other 

wells that were reliant on canal seepage for recharge 

because the well probably also benefitted from irrigation 

return flow as well. The water was reported to taste very 

good although as discussed in the last chapter, was probably 

extremely high in nitrates and possibly also in pesticides. 

The well was enumerated in early July and in early 

September. 

A relatively high percentage of the water in this well 

was used for drinking. The average distance per household 

to the source was relatively long, indicating that it was 

sought out for that purpose. Water utilization dropped in 

the later enumeration period. 

4.2.5 House No. 71 (P 71) 

This well was provided with an MASL hand-pump and was 

used only by the family on whose lot it was sited. The 

water was not used for drinking. The owner commented that 

the water had become undrinkable only during the last four 

years of the well's seven-year existence. The water was 

rusty in color and taste, and was not even used for watering 

the owner's extensive garden. 
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4.2.6 House No. 4, Hurigaswewa (H 4) 

This unprotected well was sited in RBE soils close to 

the D2 canal. Enumeration took place in mid-July and late 

August. The utilization of this well increased as the 

season wore on, attesting to the fact that it was properly 

sited and was used as a more reliable well when other 

sources dried up or deteriorated in quality. The water 

quality was good with a very low concentration of chlorides. 

Though the number of user-households did not increase 

significantly, the number of visits and volumes collected 

per day did. 

4.2.7 House No. 2, Hurigaswewa (H 2) 

This well was an MASL cement-lined well, located 

fairly close to House No. 4, also in RBE soils. The water 

quality in this well was higher in total salts and 

electrical conductivity and was not used for drinking. The 

water was predominantly used for washing dishes and bathing. 

The relatively high volumes of water collected are 

indicative of the alternative uses that were made of the 

well that require higher volumes than for drinking. Since 

the water was largely used for bathing, a substantial amount 

of visits were made in the latter part of the day when the 

water and the temperature was warmer. 
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4.2.8 House No. 99, Hurigaswewa (H 99) 

This unprotected well was located on RBE soils. The 

well was used for all purposes by the one family on whose 

lot it was located. The well was used as an alternative to 

the hand-pump-equipped well located nearby at House No. 98, 

when the water in that well became too low to pump easily. 

Enumeration was conducted simultaneously with the hand-pump 

well at House No. 98 in September. The drop in use can be 

seen at the well at House No. 98 which was largely taken up 

by the shift to the well at House No. 99. Per capita volume 

at this well was 31 liters per day. The total water needs 

of a family may be extrapolated from this well since it 

served all the needs for which the family utilized 

groundwater. 

Most of the water was collected in the morning. Water 

collected in the morning was usually cooler, and would 

remain so when stored in the traditional clay containers. 

4.2.9 House No. 106, Hurigaswewa (H 106) 

The well at this house was a large, privately improved 

well, sited in brown soil. The total volume collected from 

this well was quite high because the residents were 

constructing bricks for their neighbor's house. The higher 

percentage of male water carriers is related to this water 

use. Only 25% of the water was used for drinking by the 

four families that used the well. 
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4.2.10 House No. 5, Hurigaswewa (H 5) 

This well was also a very sturdy, privately-improved 

well that had been improved long ago, being on the property 

of one of the more well-established Purana houses in the 

village. The male head of the household on whose property 

the well was located did the water-carrying for the family, 

so the proportion of male water carriers was higher at this 

well. 

4.2.11 House No. 48, Hurigaswewa (H 48) 

This was an MASL cement-lined well, sited in RBE soils 

and used for drinking. The water use in this well as in 

the well at House No. 4, increased in the dry part of the 

season. This again probably reflected the fact that it was 

properly sited and was more reliable than other sources, so 

that when those sources deteriorated, more people traveled 

the extra distance to this well. The bimodal pattern of 

water use is exhibited in this well with peaks in the 

morning and evening. This indicates that water from the 

well is primarily used for cooking and drinking, as these 

are the times when water is required for food preparation. 

4.2.12 Junction Well, Hurigaswewa (HJW) 

This well was an MASL cement-lined well and was used 

by only one family. Per capita consumption was 41 liters 

per day. Again, total family needs can be extrapolated from 
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this well because it was the only well used by the family. 

4.2.13 House No. 98, Hurigaswewa (H 98) 

This well was equipped with a hand-pump. The well was 

enumerated in mid-July and early September. The use in the 

well dropped as the season wore on and the well became 

harder to pump. As discussed earlier, the residents of 

House No. 99 discontinued their use of the pump in the later 

enumeration period. A large percentage of the water from 

this well was used for ablution, and children liked to play 

at the pump. Only about half of the water was used for 

drinking water, and the users complained that the water 

tasted rusty. 

4.2.14 Summary 

Groundwater from wells with good water quality are 

used for drinking and other home-uses. If the source is far 

from the home, the carriers may only collect their drinking 

water there and use other more local, poorer quality sources 

for non-drinking purposes such as ablution, cooking and 

washing dishes. Sometimes poor-quality water was used for 

drinking if better sources were too far away. Groundwater 

for drinking was usually collected in the morning and 

evening when temperatures were cooler and prior to meal-

cooking times. The water was then usually stored in the 

clay containers which dept the water cool during the day and 
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through the night. 

The main water carriers were women, though if the 

source was very far away from the home, men were observed to 

share a greater part in this task. The largest group of 

water carriers was females aged 11 to 26, and the second 

largest group was 36 to 45 year old women. Demographics in 

Palugaswewa showed that there were fewer older children, so 

it was more incumbent upon the female head of the household 

to collect most of the water for the household. 

For 96 households in Palugaswewa, there were 80 wells. 

Water from 23, or 29% were used for drinking. While the 

wells were not evenly distributed throughout the village, 

this represented one drinking-water well for roughly four 

households. The uneven distribution can be seen in Table 9, 

in that from 25 to 30 percent of the households in 

Palugaswewa use the main community well (PJW) and about 24% 

of the households utilized two other enumerated wells 

enumerated, namely P 58 and P 108. 

In Hurigaswewa, for 94 households there were 65 wells. 

Water from 45 or 70% were used for drinking. Drinking-water 

sources were more evenly distributed in Hurigaswewa, and 

this percentage represents about one drinking water well for 

every two families. 

The average household distance to its drinking water 

source in Palugaswewa was 307 yards, more than twice the 

average distance of 130 yards in Hurigaswewa. These 
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averages were taken from the wells with the largest user 

populations in general, but were so for both villages. 

Results from the interviews conducted with women in the 

villages (discussed further in Chapter 5) suggested that the 

average amount of time spent collecting water in Hurigaswewa 

was three quarters of an hour. In Palugaswewa about an hour 

was spent each day for water collection. The average amount 

of water collected per household in Palugaswewa was about 30 

liters which would usually constitute two trips to the 

source, given the usual 15-liter carrying container. 

Multiplying the average distance of 307 yards by two to 

arrive at the total distance per trip, and by two again to 

account for the round trip, the total distance traveled per 

day would come to about 1260 yards per day. If one 

considers that 1760 yards is equal to a mile and would take 

about 30 minutes to walk, and water collection itself would 

take about 10 minutes, the statistics from the interviews 

are fairly well born out. Since the female head of the 

household is also required to work full-time in the paddy 

fields, this is a relatively large burden. The next chapter 

on domestic-water management will include additional 

information on the time spent by women at various other jobs 

in order to emphasize the fact that time constraints are an 

important factor in women's water-use decisions. 

A negative correlation can be made for the volume of 

water collected for each family with distance. The volume 
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carried to the home per household in Hurigaswewa was 88 

liters which was about 2.5 times that carried to the home in 

Palugaswewa. The average volume used per person in 

Hurigaswewa was 17 liters, nearly 3.5 times the five liters 

per person used in Palugaswewa. Figure 12 shows a graph of 

the average volume collected per household from each 

enumerated source against its distance to the source. The 

linear regression line is plotted which shows a logarithmic 

correlation. Figure 12a presents the linear regression and 

log-log plot of the data. 

The water situation regarding the uses of groundwater 

sources is more difficult for the residents of Palugaswewa. 

This was expected from the discussion of groundwater sources 

in Chapter 3 that showed that Hurigaswewa was in general 

located more favorably in terms of areas expected to have 

better quality groundwater. 
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CHAPTER FIVE 

DOMESTIC WATER MANAGEMENT 

This chapter discusses the management of domestic 

water, the factors that affect the management of domestic 

water, and the effectiveness of the management efforts that 

have been undertaken. Three levels of management are 

related to the domestic water system: Government agencies 

make investments for a certain level of domestic water 

assistance, villagers make certain provisions for 

themselves, and management of the irrigation system has been 

seen in the previous Chapters to affect the quantity and 

quality in domestic-water sources. Managers at each level 

have particular, sometimes conflicting objectives that 

influence the effectiveness of the domestic-water system. 

The resulting impacts to the domestic-water users are here 

discussed in terms of work and time required to secure and 

utilize domestic water, satisfaction in terms of water 

quality, and domestic-water-related health. 

5.1 Management Levels and Objectives 

The MASL has made investments for a certain level of 

domestic-water assistance as part of their commitment to 

supply "basic provisions" to resettlers and to develop 



137 

communities in the scheme. Other agencies have also made 

contributions. UNICEF was the only other agency observed to 

be somewhat involved in the study area, primarily in health 

education. Villagers traditionally make certain provisions 

for themselves when agency provisions have proved inadequate 

or inappropriate. The impacts to the domestic-water system 

by the irrigation system, though consequential and secondary 

to irrigation management objectives, are very important. 

5.1.1 Agency Management of Domestic Water 

MASL involvement in domestic water and related issues 

is primarily linked to its commitment to assist in social 

and community development, and to improve the quality of 

life in general. The lack of attention to these needs had 

proved to be major constraints to successful development in 

the past and was so recognized (Patrick, 1983). MASL 

involvement in domestic-water systems included the siting of 

villages, the provision of cement rings to fortify and 

protect previously dug wells, siting and construction of 

cement-lined wells, and provision of information and 

assistance concerning health and hygiene. Objectives and 

factors related to the domestic-water program included 

improving the villagers* quality of life, health and 

consequent productivity and development; minimizing costs or 

stretching resources; accommodating other agricultural or 

infrustructural objectives; and successful implementation of 
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their programs in order to gain political support. 

The siting of villages by the MASL, though crucial to 

the domestic-water situation, was not primarily based on 

domestic-water considerations. Other considerations 

obviously were of higher priority. For example, new 

villages were for the most part located along main roads to 

facilitate access in terms of marketing, electricity and 

transportation. New villages were generally located on the 

highlands along canals so that the productive paddy-lands 

could be developed for agriculture. The ribbon type of 

settlement pattern was implemented initially, along 

irrigation canals that follow ridges (Patrick, 1983). 

Social and infrustructural problems led to an evolution of 

design towards the more traditional cluster type. Purana 

villages were allowed to remain roughly in their original 

locations unless houses had been built on irrigable lands 

suitable for agricultural production. Village tanks were 

often dismantled for the same reason. 

The concept of providing cement liners to protect 

wells was directed at preventing fecal matter from entering 

wells during storm events. This concern stemmed from the 

recognition that diarrheal diseases in infancy and early 

childhood were common in the development scheme, and an 

awareness by trained health officers that safe and protected 

water supplies were important for minimizing these problems. 

Hand-pumps were provided for the same purpose, as well as to 
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ease the burden of hauling water from the wells with 

buckets. 

Design criteria were to provide one cement-lined well 

for every four families. A contractor was retained to 

provide these rings. Little or no communication was 

reportedly fostered with the residents in this effort. Some 

existing wells were chosen for liner installation and some 

wells were dug and then lined. Hand-pumps were apparently 

provided somewhat randomly. The planned number of protected 

constructed wells had been completed by the time this study 

was performed. As discussed previously, actual well 

utilization did not accord with design. 

A certain amount of money and construction supplies 

were also allocated to the villagers in order to provide 

them with initial necessities. Provisions for latrines, 

which included formed, cement foot-plates were made in an 

effort to encourage their use, which would theoretically 

provide further protection of water quality in wells. 

With regard to health education and assistance 

objectives related to domestic-water supply and use, a 

primary health care concept involving community 

participation had been implemented. MASL Community 

Development Officers received health training and organized 

a grass roots effort involving local volunteer health 

workers and volunteer health centers. Volunteers were to 

provide the first level of contact for villagers in need of 
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assistance. Volunteers provided basic medicines, and basic 

health and referral information. For example, volunteers 

provided salt solutions to people with diarrhea, and 

distributed chlorine tablets with which to disinfect wells. 

Family health workers, traditionally called midwives, 

also worked in the villages and provided some health 

information to the villagers. Some health information was 

also apparently broadcast on the radio. UNICEF was involved 

in the introduction of family health education and training 

of Community Development Officers. This agency had trained 

Block level officers about bacterial contamination, and had 

provided incubators and sampling equipment for each Block so 

that the bacterial content in wells could be measured. 

5.1.2 Local management 

Local management of domestic water stems from 

traditional habits and preferences. As was illustrated in 

the previous chapters, surface water of a certain quantity 

and quality is generally preferred for bathing and washing 

clothes and dishes, and is also required for wallowing 

buffalo. Groundwater is preferred for consumption, and the 

villagers had certain preferences for its quality, primarily 

in terms of taste. If these standards were not met, 

villagers would fin alternative sources that would. 

Some villagers took certain water treatment measures, 

namely by boiling and filtering the water. Habits and 
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behavior may have been due to the varying traditions or 

exposure to health education. Eight of the 11 women 

questioned in Palugaswewa boiled their water and one did 

sometimes, when family members were sick. Ten women in the 

Palugaswewa interview set reported that they filtered the 

water. In Hurigaswewa, only two of the 12 women boiled 

their water, and the same two filtered their water. These 

figures probably are related to the poorer quality water 

found in Palugaswewa. However, Purana villagers, as were 

predominant in Hurigaswewa, are reportedly less educated in 

such matters than are people from other areas of Sri Lanka 

and may not have understood the reasons for water treatment. 

The interviews revealed that villagers who did not 

boil the water usually did not do so because they did not 

like the taste, or because the water would not cool down 

sufficiently. Villagers who did report the boiling of their 

water often only warmed up the water, and did so especially 

for sick, young or old people. 

Convenience of water supplies also played a part in 

the decisions made by the villagers as to the particular 

sources used. Womens' heavy workloads, for example, often 

precluded them from taking the time to walk to more 

desireable sources. Table 10 shows the results of questions 

asked of the women who were interviewed regarding the time 

they spent working. Only those jobs that were consistently 

reported, 
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TABLE 10 

Womens1 Workloads: 
Interview Results 

Ave. Time 
Overall 

Ave. Time 
for Those 
Who Per
formed Job 

No. Who 
Performed 
Job 

Palucraswewa 
(11 interviewees) 

Field work 332 ± 2341 406 + 186 7 

Cooking 275 ± 93 275 + 93 11 

Cleaning 94 ± 103 103 + 102 9 

Washing 
Clothes 

107 ± 43 107 + 43 11 

Collecting 
Water 

33 ± 42 62 + 37 6 

Total 842 ± 143 (14 hours) 11 

Huriaaswewa 
(12 interviewees) 

Field work 348 ± 150 379 ± 107 11 

Cooking 277 ± 62 277 + 62 12 

Cleaning 115 ± 72 115 + 72 12 

Washing 
Clothes 

67 ± 24 67 + 24 12 

Collecting 
Water 

30 ± 28 47 + 24 7 

Total 835 ± 100 (13.9 hours) 12 

xThe uncertainty value given is expressed as one standard 
deviation. 
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or that constituted a common workday are included on Table 

10. Appendix A includes all of the responses and Appendix K 

shows the questionnaire that was used. Other important jobs 

such as collecting wood, gardening, shopping, childcare, 

taking care of livestock, and carrying food and water to 

workers in the paddy fields were reported though not as 

consistently as those listed in the Table 10. It can be 

seen that women in both villages work almost all day. Some 

of the jobs listed may not have been performed by the 

interviewee, but probably were by her daughter. The numbers 

in the second column on Table 10 represent the amount of 

time spent on each particular job as averaged from only 

those women who reported that they performed the particular 

job. 

The jobs that appear to take longer for the women in 

Palugaswewa are those related to the use or procurement of 

domestic water, though they also seem to work longer in the 

paddy fields. One can understand why the women would chose 

to bathe in the local distributary canals, for example, 

instead of walking the extra distance to the preferred 

river. Men in comparison, though not interviewed, did not 

participate in the domestic work required at the household, 

but generally worked about eight hours in the paddy fields. 

With regard to sanitation practices, 19 of the 

households in Palugaswewa and 15 in Hurigaswewa had 

permanent latrines. A permanent latrine usually was made of 
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wpod and had the cement foot-plate issued by the MASL 

installed. Almost all houses in both villages had some form 

of a temporary latrine. 

Most villagers in the interview set reported that they 

and their families made use of latrines. All of the 

interviewees from Hurigaswewa reported that they used 

latrines. Four of the interviewees in Palugaswewa said that 

the adults would utilize the nearby jungle for defecation, 

while only one said that the children did. Observations did 

not entirely verify these results. It was noticed that very 

few children used latrines, and they did not like the dark, 

closed in area. Small children were in fact, encouraged to 

relieve themselves very near to the houses. 

Traditionally, health advice was elicited from local 

healers, or ayurvedic physicians, and midwives. Varying 

health beliefs and practices were conducted by the different 

social groups that lived in the study area. It is difficult 

to say what the advice of these people was. 

5.1.3 Irrigation Management 

The obvious goal of irrigation management was to get 

water to the fields in a timely and sufficient way in order 

to raise crops. Main system management goals were sensitive 

to the need to make sure that water got all the way to the 

tail-end of the system. This was indeed a serious problem. 

Farmers and villagers who lived at the tail-end of the 
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system suffered both from lack of water for crops and from 

lack of domestic water in wells. Minimization of channel 

losses was therefore desired so that irrigation objectives 

could be met, thus conflicting with domestic-water supply 

that as has been seen, is heavily dependent on the recharge 

resultant of these losses. Additionally, the multiple use 

of irrigation canals can be undesirable to irrigation 

managers because people and animals damage the banks of 

canals and exacerbate siltation problems. 

A related concern of irrigation managers was the need 

to perform maintenance on the irrigation structures. Water 

releases had to be disrupted regularly so that maintenance 

could be performed. Maintenance was usually done in the 

off-season when irrigation water was not needed for the 

crops. 

5.2 Domestic Water Management Assessment 

The effectiveness of domestic-water management is 

related to the objectives of the particular management 

group. This section will focus on MASL objectives to 

provide one safe, protected water source for each four 

families, and local objectives to secure good tasting water 

for drinking, and clean, flowing water for bathing. 

5.2.1 Water Quality 

Well protection is indeed important in the villages. 
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Though many houses in the villages had temporary latrines, 

these latrines were usually not more than 40 yards from the 

wells. The MASL effort to promote the use of latrines by 

providing cement foot-plates did not appear to be completely 

successful. The plates were seen to be used for a variety 

of non-sanitation oriented purposes, or not used at all. It 

was more common practice to use the nearby, interspersed 

jungle or garden for defecation. Children are not 

encouraged to use the latrines. Sheet flow during storm 

events could easily carry fecal material and debris into the 

wells. 

Table 11 includes the number of the various types of 

wells in the study area, the number of these wells that were 

used for drinking water and the number of the particular 

types of wells sited in the various soil types. The planned 

ratio of one well per four families was indeed basically 

accomplished mathematically, with a ratio of 1:4.6 in 

Palugaswewa and 1:3.9 in Hurigaswewa. However, none of the 

five MASL-provided, cement-lined wells sited in LHG soils 

were used for drinking water, and less than a half of all of 

the Mahaweli provided wells were used for drinking water. 

In Palugaswewa, which was poorly sited to begin with, 

only 13% of all drinking-water wells were MASL-protected. 

Sixty percent of the MASL-protected wells in Hurigaswewa 

were used for drinking water, amounting to 33% of all 

drinking-water wells in that village. Only five of the 
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TABLE 11 

Well Types, Uses1 and Soil Types 

LH6 BR RBE 

Paluaaswewa 

Very unprotected 13(0) 24 (8) 17(11) 

Slightly -
protected 

Private cement 3(1) 

MASL cement-lined 5(0) 11 (2) 2 (0) 

Hand-pump - 2 (1) 

Total 21(1) 37(11) 19(11) 

Huriaaswewa 

Very unprotected 

Slightly 
protected 

Private cement 

MASL cement-lined 

Hand-pump 

Total 

2 (0) 4 (2) 

16(10) 18(14) 

2 (2) 1 (1) 

11 (7) 8 (4) 

1 (1) 3 (2) 

32(20) 34(23) 

Total 

54(19) 

3 (1) 

18 (2) 

2 (1) 

77(23) 

6 (2) 

34(24) 

3 (3) 

19(11) 

4 (3) 

66(43) 

xThe number in parentheses represents the number of wells in 
the particular category that were used for drinking water. 
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seven wells with hand-pumps provided for both villages were 

used by villagers for drinking water, and these did not seem 

to be widely shared with neighbors. 

The condition of the cement lining, apron, and wall 

was poor in over half of the MASL cement-lined wells. The 

ability of cracked cement to deter the entrance of fecal 

bacteria is therefore suspect. Villagers complained that 

they had nothing to do with the siting of the wells. Wells 

were apparently located conveniently for the contractors, 

and many a dry well had been lined with cement. One rumor 

had it that the contractors had a dowser fill up a dry well 

they had dug and lined, in order to show a successful well 

to MASL officials. 

The failure of the MASL provisions to provide safe 

drinking water for the villagers is illustrated by the 

incidence of domestic-water-related disease. Table 12 shows 

data collected on the combined, monthly incidence of 

diarrhea reported to the Meegalewa and Katiawa hospitals, 

and by health volunteers for the local region during the 

year and a half preceding the study period. Table 12 also 

shows precipitation data collected at the nearby Mahala 

Illupalama weather station for those months. Figure 13 is a 

graph that compares the precipitation data to the number of 

diarrhea cases reported in the succeeding month. A close 

correlation can be seen. This relationship seems reasonable 

in that it may take some time before the bacteriological 
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contamination introduced to the wells would multiply, be 

drunk, cause illness, and be reported to a hospital. 

Statistical evaluation revealed a good correlation of 

the combined reported diarrhea cases and the previous 

month's precipitation. Precipitation and incidence of 

diarrhea are graphed against each other in Figure 14. The 

correlation coefficient for the relationship described was 

0.83 using a regression analysis on the square of the 

monthly precipitation and the lagged incidence of diarrhea. 

The resultant line is also indicated on Figure 14. 

Residuals from the regression curve are graphed on Figure 

15. The residuals are greater at higher precipitation and 

diarrhea incidence values but this is probably 

characteristic of the measurement process. The residuals 

appear to be evenly distributed above and below the values 

predicted by linear regression. 
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TABLE 12 
Precipitation and Incidence of Diarrhea 

Month Year Precipitation1 

(millimeters) 
Diarrhea 
Cases2 

J anuary 1985 78.6 493 

February 1985 68.0 411 

March 1985 30.4 250 

April 1985 12.4 225 

May 1985 65.4 246 

June 1985 26.6 337 

July 1985 87.6 341 

August 1985 9.9 325 

September 1985 65.5 241 

October 1985 178.2 354 

November 1985 302.4 537 

December 1985 159.4 710 

January 1986 180.8 

February 1986 38.2 356 

March 1986 125.5 293 

April 1986 120.1 323 

May 1986 154.6 290 

June 1986 0.5 280 

July 1986 16.0 353 

Precipitation data were collected from the Maha Illupalama 
weather station located about ten miles from the study area. 

2The number of diarrhea cases were those reported to the 
nearby Meegalewa and Katiawa Government Hospitals and to health 
volunteers in the region. 
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5.2.2 Water Quantity 

Villagers' selective propensities contribute to the 

fact that most drinking water was collected from unprotected 

wells. Villagers tend to use traditional, less safe 

drinking-water sources in the dry season when other poorly 

sited, more protected sources dry up or deteriorate in 

quality. For example, as was illustrated in Chapter 3, the 

low-lying LHG soils tend to retain water longer in the 

season than do the wells sited on higher RBE soils. Wells 

in paddy fields, for example retain water well into the 

season. These wells probably contain high levels of 

nitrates and pesticides due to the application of 

agricultural supplements. Also, if villagers were using 

protected sources during the wet season when water was more 

available, the switch to sources with possible higher 

concentrations of bacterial contamination probably causes an 

increased incidence of disease because their systems would 

not be adequately adjusted. Interview results showed that 

the higher intensity of use at the river during the dry 

season fostered an observed spread of conjunctivitis, 

urinary problems and possibly skin rashes. Interview 

results regarding the types of health problems encountered 

indicated that many were more common in the dry season and 

several were probably domestic-water related. For example, 

four interviewees complained of conjunctivitis in 
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Hurigaswewa, and seven complained of this ailment in 

Palugaswewa. Five of those that reported this problem 

related that the problem usually occurred in the latter part 

of the dry season. Nine of the 12 interviewees in 

Hurigaswewa complained of urinary problems, seven of which 

said the problem was worse in the dry season. Five of the 

11 interviewees in Palugaswewa complained of urinary 

problems with four noting that the problem was more 

prevalent in the dry season. Skin rashes were reported, and 

may also have been water-related, though the same number 

said the problem was worse in the dry season as said it was 

worse in the wet. Some interviewees reported that they 

thought diarrhea and stomach problems were worse in the dry 

season, possibly for the reasons offered above, but this 

does not correlate with the data obtained from the medical 

facilities. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

Domestic-water supply, utilization, and management were 

studied in two contiguous, similarly-sized villages in a 

large irrigation and development project. Palugaswewa was 

recently designed and constructed by the Mahaweli Authority 

of Sri Lanka (MASL) and was settled largely by resettlers 

from lowland areas, and settlers who were originally from 

the highlands. Hurigaswewa is a Purana or ancient village 

that had remained since ancient times, and is comprised 

primarily of Purana villagers and resettlers from nearby 

villages. 

The procurement and use of domestic water in 

Palugaswewa was shown to be more difficult than in the 

ancient village of Hurigaswewa. The predominance of poorly-

drained Low Humic Gley (LHG) soils in Palugaswewa, and the 

relatively large distance to local recharge sources there 

appeared to be the main siting downfalls. This result is 

indicative of the different objectives that influenced the 

planning process for each village. A primary objective of 

the MASL was to accommodate the effective functioning of the 

irrigation system and agricultural development. Thus 

villages were generally sited in areas that are not 

conducive to irrigated agriculture, and are accessible to 
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the infrastructure set up to market and supply agricultural 

production. Determinants for the location of Hurigaswewa 

were probably more holistic and responsive to the total 

water needs of the village. 

Surface water is used in the study area primarily for 

bathing, laundry, and watering and wallowing livestock. 

Bathing was primarily conducted in the late afternoon when 

temperatures were warmer. The only natural, though somewhat 

regulated source of surface water was the perennial Kala Oya 

(river) that bordered Hurigaswewa. Irrigation-related 

surface water sources consisted of main canals, distributary 

canals and the Hurigaswewa tank which was constructed and 

regulated by the Purana villagers for both irrigation and 

domestic-water needs. 

The villagers in Hurigaswewa lived generally closer to 

surface water sources. Four distributary canals and the 

tank are located within the village boundaries, and the Kala 

Oya flows alongside the village. Two distributary canals 

and the main canal flow along the perimeters of Palugaswewa 

so that the average distance to any surface water source is 

greater there. Additionally, the irrigation canals were 

sometimes turned off due to irrigation schedules or in order 

to repair the canals. During the off-season, the 

utilization of the Kala Oya was seen to increase 

substantially, and the average distance per visit increased 

as well. Residents of Palugaswewa had to travel further 
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distances to find surface water sources during this season. 

Villagers preferred the fastest flowing and deeper 

sources, though time and distance constraints often 

necessitated their use of less desirable sources. Women and 

their accompanying children were observed to more frequently 

use the more local sources of surface water such as 

distributary canals where the quality and quantity of water 

was lower. This occurrence is attributable to the greater 

time constraints faced by women. 

Drinking and cooking water was usually obtained from 

wells. All of the wells in the two-village study area 

tapped a shallow, locally recharged aquifer. Recharge of 

this aquifer was largely provided by irrigation return flow, 

and seepage from irrigation canals and the Hurigaswewa tank. 

Of the total 80 wells sited in Palugaswewa only 23, or 

about 29% were reportedly sited well enough to be acceptable 

as drinking-water sources by the villagers. In Hurigaswewa, 

45 of a total of 65 wells, or 69% of the wells were 

reportedly utilized for drinking water. While the villagers 

in Palugaswewa may have been accustomed to better quality 

water in their original villages which possibly caused them 

to find poor quality water less acceptable, this study 

showed that the quantity and quality of domestic water was 

significantly lower in that village. 

Three main soil types were found in the two-village 

study area and were related to groundwater quality. Poorly-
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drained LHG soils, intermediate brown soils (BR), and the 

well-drained Red Brown Earth (RBE) soils were observed. LHG 

soils dominated in Palugaswewa, while the main soil types in 

Hurigaswewa were brown and RBE soils. 

Twenty one wells in Palugaswewa were sited in the 

poorly drained LHG soils but only one was used for drinking 

water. That well was sited very close to a distributary 

canal and paddy fields that provided ample recharge. The 

success ratio for wells sited in brown soils and RBE soils 

were greater (3 0% and 58% respectively), though not as high 

as for wells sited in those soils in Hurigaswewa. 

Additionally, groundwater supply and quality in Palugaswewa 

diminished during the driest part of the season, and 

villagers there were required to travel further distances to 

find better supplies. The lower success ratio in 

Palugaswewa is attributed to the predominance of LHG soils 

and the lower availability of recharge water. A shift to 

increased utilization of wells in Hurigaswewa was noted, as 

those wells remained suitable for use during the dry season. 

The relatively superior domestic-water situation in 

Hurigaswewa may have been the reason for its sustained 

inhabitance. Hurigaswewa's location in the low-lying areas 

where groundwater is more naturally and consistently 

recharged by the ancient tank and natural surface water, 

made this location more favorable for domestic water needs. 

The fact that the site of Palugaswewa is an abandoned 
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ancient tank and village is an indication that the location 

was unsuitable for habitation, possibly because of domestic 

water. 

The success of investments made by the MASL to provide 

protected drinking water wells was largely ineffective, 

especially in Palugaswewa. Protected wells were distributed 

fairly evenly over the villages but without sufficient 

regard to hydrological considerations. Thus, though 48 

wells were protected, only 17 or 40% of these were utilized 

and protected for drinking water and 11 were not used at 

all. Those 17 wells represented only 19% of all of the 

drinking-water sources used. Thus, though an investment was 

made to provide protected drinking water to at least 25% of 

the villagers (one for every four families) with the 

intention that these would be shared, far less were actually 

used for drinking water, and these were unevenly 

distributed. 

The ratio of successful MASL protected wells was much 

higher in Hurigaswewa (56% were used for drinking water) 

than in Palugaswewa where only 11% were used for drinking 

water. This resulted because Hurigaswewa has a better 

overall location in terms of groundwater supply and quality. 

Thus villagers in Palugaswewa were either more exposed to 

drinking water from unprotected wells, they walked farther 

to those good wells that were protected, or the walked 

farther to good wells that were unprotected. Thirty-six 
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percent of the wells constructed by the villagers in 

Palugaswewa were used for drinking water and 78% of the 

wells constructed by villagers in Hurigaswewa were used for 

drinking water. 

By not attending to local clues regarding the siting of 

existing villages, and the simple hydrological factors that 

were evaluated for this thesis, the investments made by the 

MASL were largely ineffective. Two-thirds of the investment 

made to provide safe water to the villages was wasted 

because the water in the wells was too poor to drink. 

Consequently, the villagers opted for their own, 

unprotected, but better-sited wells. 

Diarrhea remains a public health problem because many 

people continue to use the unprotected wells. The monthly 

incidence of diarrhea was seen to be well correlated with 

monthly precipitation, thus reinforcing the fact that 

unprotected wells were widely used and contributed to this 

problem. Many of the MASL-protected wells were poorly 

constructed with cracked cement liners that may not have 

deterred the entrance of bacteria either. Additional 

domestic-water-related health problems noted especially 

during the dry season included urinary problems. These were 

attributed to the salts in the water which became 

concentrated during that season. Conjunctivitis was noted 

in both villages especially during the dry season when the 

intensity of the fewer utilizable surface water sources was 
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increased. 

Health improvement efforts by the MASL to provide 

sanitation facilities were not entirely effective, though 

they may have raised consciousness towards the desirability 

of the use of latrines. Villagers in Palugaswewa were more 

inclined to boil and filter their water. This may have been 

because the water quality was poorer there, because they 

were better exposed to modern health information provided by 

the MASL, or because they were generally better educated 

than Purana villagers. 

Women in the MASL-planned village had increased 

workloads due to the extra distances and time required to 

collect and utilize water, or they were exposed to higher-

risk sources if they could not find the time to travel extra 

distances to better sources. The burden is great 

considering the total amount of work the women were seen to 

do in a day. 

Considering the consequences imposed by the lack of 

appropriate domestic-water planning on the part of 

management agencies, the author strongly recommends that 

workers and planners involved with large water development 

projects consider the multipurposes that may be made of 

water and the history and folk knowledge available in 

development regions. Simple hydrological reconnaissance 

should be conducted with domestic water in mind. Study of 

the history of the area would have proved useful to planners 
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In the Mahaweli Development Scheme. Likewise, had planners 

discussed the situation with the Purana villagers, they 

would have gained valuable insights into the occurrence of 

acceptable groundwater. Given the rich and long tradition 

of successful water management by local entities, the MASL 

designers could have done well to elicit the wisdom and 

participation of the villagers. 

It is therefore recommended that planners of 

resettlement schemes consider domestic water needs and 

preferences of villagers, and incorporate hydrological 

factors into design criteria. The hydrological information 

can be easily and inexpensively obtained through simple 

observation and communication with inhabitants. 

Specifically, planners in the Dry Zone of Sri Lanka should 

avoid siting villages and wells in areas dominated by LHG 

soils. Villages and wells should be located close to 

reliable recharge sources. Particular care should be given 

to the siting of protected wells so that villagers will be 

inclined to select them for drinking water. Consideration 

should be given to the consequences of interrupting 

irrigation recharge sources and provisions should be made to 

allow continued supply of domestic water during these times. 

An alternative to requiring that the planning agency 

conduct multidisciplinary studies to determine appropriate 

well sites, might be to simply allot money to the villagers 

themselves for siting and constructing protected wells. The 
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pragmatism of villagers would very likely preclude the use 

of such money on poorly sited wells. A high success ratio 

of wells in the neighboring village of Katiawa where this 

policy was implemented in an older development effort 

attests to the validity of this approach. 

The natural hydrologic system of the Dry Zone cannot 

fully or readily provide the water resources necessary for a 

population that is increasing substantially due to 

agricultural development. Therefore imported water must be 

managed to enable the supply of adequate and safe water for 

a variety of needs. Multiple use of an irrigation system is 

inevitable, and consideration should be given to 

accommodating the sometimes conflicting needs. With a 

little simple planning and consideration, the benefits 

derived from irrigation could be increased to enhance the 

quality of life in the irrigation/development system. 

Additional research into the failures and successes in 

other climates and countries with their unique water 

management histories would help to raise consciousness 

regarding the potential of utilizing an holistic approach in 

water management planning. 
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APPENDIX B 

WATER QUALITY ANALYTICAL RESULTS 

Sample Soil Water Dist to pH Total EC C03 
No. Type Use Nearest salts (umhos (mg/1) (meq/1) 

Recharge (mg/1) /cm) 
Source 
(yards) 

1 PMC b b 8 .59 190 460 10 0.34 
2 HKO b b 8 .67 260 510 30 1.02 
3 PJW b d 25 8 .62 260 370 20 0.51 
4 P 90 g nd 167 8 .60 1,110 1,480 50 1.69 
5 P 77 b nd 900 8 .55 470 790 30 0.85 
6 P 71 g nd 1,100 8 .18 1,590 1,640 20 0.68 
7 P 108 r d 800 8 .54 650 710 20 0.68 
8 P B b d 4 8 .32 260 370 20 0.68 
9 P 58 r d 150 8 .54 480 590 30 0.85 
10 P 120 b nd 100 8 .53 820 930 510 1.69 
11 P120p g d 2 8 .30 280 370 20 0.51 
12 H 4 r d 120 8 .55 750 330 20 0.68 
13 H 2 r nd 600 8 .59 670 600 30 1.02 
14 H 26 r d 600 8 .70 670 560 60 2.03 
15 H 48 r d 100 8 .52 430 950 30 0.85 
16 H JW b d 50 8 .58 580 520 30 1.02 

r=RBE soil; g=LHG soil; b=brown soil 
b=bathing; d=drinking; nd=non-drinking 
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Sample HC03 Cl S04 
No. (mg/1) (meq/l) (mg/1) (meq/l) (mg/1) (meq/l) 

1 PMC 100 1.69 20 0.65 tr 0.07 
2 HKO 240 3.98 40 1.06 10 0.27 
3 PJW 110 1.86 40 1.24 10 0.20 
4 P 90 420 6.94 280 7.79 tr 0.07 
5 P 77 130 2.20 160 4.48 10 0.20 
6 P 71 130 2.20 580 14.87 10 0.20 
7 P 108 120 2.03 280 7.79 10 0.13 
8 P B 130 2.20 30 0.83 nd 0.00 
9 P 58 290 4.74 40 1.12 tr 0.07 
10 P 120 440 7.28 80 2.36 nd 0.00 
11 P120p 150 2.37 30 0.83 10 0.20 
12 H 4 140 2.29 30 0.89 10 0.27 
13 H 2 250 4.15 40 1.24 10 0.20 
14 H 26 340 5.50 60 1.59 30 0.60 
15 H 48 270 4.45 170 4.78 30 0.60 
16 H JW 240 3.89 40 1.06 10 0.13 
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Sample Ca Mg K + Na 
No. (mg/1) (meq/l) (mg/1) (meq/l) (mg/1) (meq/l) 

1 PMC 20 1.21 10 0.47 30 1.07 
2 HKO 40 2.01 20 1.34 670 2.98 
3 PJW 10 0.54 10 0.54 60 2.80 
4 P 90 20 0.80 20 0.80 320 13.68 
5 P 77 40 2.14 40 2.14 80 3.38 
6 P 71 220 10.99 220 10.99 10 4.21 
7 P 108 40 2.01 40 2.01 150 6.94 
8 P B 30 1.61 30 1.61 30 1.36 
9 P 58 40 2.01 40 2.01 50 2.02 
10 P 120 10 0.67 20 1.41 210 9.25 
11 P120p 30 1.61 30 2.75 10 4.21 
12 H 4 20 0.80 10 1.01 50 2.32 
13 H 2 50 2.55 20 1.54 60 2.52 
14 H 26 60 3.15 40 2.95 80 3.62 
15 H 48 40 1.94 20 1.88 160 6.86 
16 H JW 40 1.94 20 1.94 50 2.22 



Sample 
No. 

Sum of 
Anions 

1 PMC 
2 HKO 
3 PJW 
4 P 90 
5 P 77 
6 P 71 
7 P 108 
8 P B 
9 P 58 
10 P 120 
11 P120p 
12 H 4 
13 H 2 
14 H 26 
15 H 48 
16 H JW 

2.41 
5.31 
3.30 

14.80 
6 . 8 8  

17.27 
9.95 
3.03 
5.93 
9.64 
3.40 
3.45 
5.59 
7.69 
9.83 
5.08 

APPENDIX B - Continued 

Sum of Differ- Percent 
cations ence Difference 

2.75 0.34 12 
6.33 1.02 16 
3.88 0.58 15 

15.28 0.48 3 
7.66 0.78 10 
26.19 8.92 34 
10.96 1.01 9 
4.58 1.55 34 
6.04 0.11 2 
11.33 1.69 15 
8.57 5.17 60 
4.13 0.68 16 
6.61 1.02 15 
9.72 2.03 21 
10.68 0.85 8 
6.10 1.02 17 
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APPENDIX C 

DOMESTIC WATER SOURCE INVENTORY 

Palugaswewa 

House Well Soil 
Use4 

Depth to Depth to Differ
No.1 Type2 Type3 Use4 Water Water ence btw 

(feet) (feet) July anc 
7/4-9/86 8/9/86 August 

(feet) 

P 42 
P 43 mc BR nd 7.42 8.75 1.33 
P 44 vu BR nd 8.50 9.25 0.75 
P 45 mc RBE nu 7.17 9.75 2.58 
P 45 vu RBE nu 6.30 dry 
P 46 a vu BR nu dry 
P 46 b vu BR nd 7.92 
P 47 vu LHG nu dry 
P 48 mc LHG nd 10.33 
P 49 vu BR nd 9.42 
P 50 vu BR nd 9.92 
P 51 
P 52 vu RBE d 8.75 
P 53 vu RBE nd 8.42 8.92 0.50 
P 54 vu RBE d 7.58 
P 55 vu RBE d 6.00 
P 56 vu RBE d 8.50 9.17 0.67 
P 57 vu RBE d 7.00 9.58 2.58 
P 58 vu RBE d 9.42 11.75 2.33 
P 59 vu BR nu dry 
P 60 
P 61 pc LHG d 3.33 5.50 2.17 
P 62 
P 63 mc LHG nd 5.83 7.75 1.92 
P 64 pc LHG nd 6.50 5.67 -0.83 
P 66 vu BR d 5.75 7.08 1.33 
P 67 vu LHG nd 3.08 5.25 2.17 

1Small letters indicate that two wells are located on the lot. 

2mc = Mahaweli cement-lined; vu = very unprotected; pc = 
privately cement-lined; hp = hand-pump. 

3BR = brown soil; RBE = red brown earth soil; LHG = low humic 
gley soil. 

4nd = non-drinking; nu = not used; d = drinking; wd = washing 
dishes. 
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Palugaswewa - Continued 

House Latrine 
No. 

Y=yes 

Surface 
Water Sources 
Visited1 

Groundwater 
Sources 
Visited1 

P 42 PMC P 120 
p 43 y  PDC2 P 58, 
p 44 PDC2, PMC P 58 
p 45 Y PDC2, PMC P 58, 
p 45 
p 46 a PMC P 58 
p 46 b 
p 47 y  PDC2, PMC P 120 
p 48 y  HDC2, PMC H 4 
p 49 y  HDC2, HTK, KO, PMC P 58 
p 50 
p 51 y  HTK, PDC2 
p 52 y  HTK 
p 53 y  HDC2, HTK, KO, PMC 
p 54 HDC2, HTK, KO 
p 55 HTK 
p 56 y  
p 57 y  HTK, PDC2 P 58 
p 58 PDC2 P 58 
p 59 PDC2, PMC P 58 
p 60 PDC2, PMC 
p 61 PDC2 PJW 
p 62 PDC2, PMC P 58, 
p 63 P 58 
p 64 PMC P 58, 
p 66 PDC2 
p 67 PDC2 P 58 

1Domestic water sources listed are those enumeration points 
which members of the listed household were noted to have visited 
during the study. 
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APPENDIX C - Continued 

Palugaswewa - Continued 

House Well Soil Use Depth to Depth to Differ
No. Type Type Water Water ence bt\ 

(feet) (feet) July anc 
7/4-9/86 8/9/86 August 

(feet) 

P 68 vu b nu dry 
P 69 vu g  nu 2.25 3.83 1.58 
P 70 vu g  nd 7.83 9.58 1.75 
P 71 hp b nd 
P 72 vu b nd 4.50 6.58 2.08 
P 73 vu b nd 5.25 6.92 1.67 
P 75 vu b wd 12.67 15.17 2.50 
P 76 vu rbe nu dry dry 
P 77 vu b nd 11.42 14.67 3.25 
P 78 vu rbe nd 12.42 dry 
P 79 a vu b nu 11.83 dry 
P 79 b mc b nd 9.92 11.92 2.00 
P 80 vu b d 9.67 11.92 2.25 
P 81 mc b nd 8.92 10.42 1.50 
P 82 mc rbe nu 11.00 dry 
P 84 vu rbe nd 9.25 11.67 2.42 
P 85 mc b nd 9.50 10.92 1.42 
P 86 vu g  nd 9.50 11.67 2.17 
P 87 vu g  nd 8.58 10.83 2.25 
P 88 
P 90 vu g  nd 6.50 7.58 1.08 
P 91 pc g  nd 8.42 9.25 0.83 
P 92 
P 93 vu g  nd 5.50 6.42 0.92 
P 94 vu b nd 4.33 5.00 0.67 
P 95 hp b d 
P 96 
P 97 mc g  nd 5.50 
P 98 
P 99 vu g  nd 3.58 4.42 0.84 
P100 mc b nd 13.33 12.75 -0.58 
P101 mc b nd 8.58 12.67 4.09 
P102 mc b nu 9.83 11.50 1.67 
P103 
P104 mc b nd 8.25 10.25 2.00 
P105 vu g  nd 10.17 11.92 1.75 
P106 vu b d 
P107 vu rbe d dry dry 
P108 vu rbe d 11.17 13.33 2.16 
P109 vu g  nu dry dry 
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Palugaswewa - Continued 

House Latrine 
No. 

Y=yes 

Surface 
Water Sources 
Visited 

Groundwater 
Sources 
Visited 

p 68 KO, PDC2 P 58 
P 69 PMC 
P 70 PMC 
P 71 PMC P 71, PJW 
P 72 
P 73 
P 75 PMC PJW 
p 76 PMC PJW 
p 77 y PMC P 108, PJW 
P 78 PMC PJW 
P 79 a PJW 
P 79 b PMC 
p 80 y PMC 
P 81 
P 82 
p 84 PMC PJW 
p 85 PMC PJW 
p 86 y PMC PJW 
P 87 PMC PJW 
P 88 KO 
p 90 y KO, PMC PJW 
P 91 y KO, PMC P 108, PJW 
p 92 HDC2 
p 93 PMC PJW 
p 94 PMC PJW 
P 95 y PMC 
p 96 PMC 
P 97 PMC 
p 98 y PMC PJW 
p 99 PMC PJW 
P100 PMC P 108, PJW 
P101 y PMC P 108, PJW 
P102 PMC P 108, PJW 
P103 PMC P 108 
P104 PMC P 108 
P105 PMC P 108, PJW 
P106 HTK, PMC P 108 
P107 PMC P 108 
P108 y PMC P 108 
P109 PMC 
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Palugaswewa - Continued 

House 
No. 

Well 
Type 

Soil 
Type 

Use Depth to 
Water 

(feet) 
7/4-9/86 

Depth to 
Water 

(feet) 
8/9/86 

Differ
ence btw 
July and 
August 
(feet) 

P110 vu g  nu dry dry 
Pill 
P112 
P113 ItlC b nd 9.00 10.67 1.67 
P115 vu b d 7.67 9.08 1.41 
P116 
P117 
P118 
P119 
P120 vu b nd 6.67 9.08 2.41 
P120 vu b d 1.58 4.92 3.34 
P121 vu rbe nd 6.00 7.67 1.67 
P122 vu rbe d dry dry 
P122 vu rbe d 8.33 dry 
P123 vu rbe 5.17 
P124 
P125 
P126 
P a vu b d 4.66 2.83 -1.83 
P b vu b d 2.25 1.83 -0.42 
P C 
P d 
P e 
P f  
P g 
P h  
P i  
P  j  vu b nd 7.17 9.58 2.41 
PJW mc b d 5.17 5.75 0.58 
P k vu b nd 8.83 9.58 0.75 
P 1 
P m 
P n vu b d 4.50 dry 
P o 
official mc g  nd 7.75 7.83 0.08 
official mc b d 8.58 10.50 1.92 
official mc g  nu 7.66 10.42 2.76 
P p vu g  nd 1.50 dry 
P q 
P r 
P s 
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Palugaswewa - Continued 

House Latrine Surface Groundwater 
No. Water Sources Sources 

Y=yes Visited Visited 

PI 10 KO, PDC2, PMC PJW 
Pill PDC2, PMC P 108, P 120, 
P112 PDC2, PMC P 108, PJW 
P113 PMC P 108, PJW 
P115 PDC2, PMC H 4, PJW 
P116 KO, PDC2 
P117 
P118 P 120 
P119 PDC2 
P120 PDC2 P 120 
P120 
P121 PMC H 4, P 120 
P122 PDC2, PMC 
P122 
P123 HTK, PDC2 
P124 PDC2 
P125 
P126 HTK, PDC2 
P a KO 
P b PMC 
P c 
P d 
P e 
P f 
P g 
P h H 4 
P i 
P j 
PJW 
P k 
P 1 
P m 
P n 
P o 
official 
official 
official 
P p 
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Hurigaswewa 

House Well Soil Use Depth to Depth to Differ
No. Type Type Water Water ence btw 

(feet) (feet) July and 
7/7-9/86 8/11/86 August 

(feet) 

H 1 sp RBE nu 6.75 
H 2 mc RBE nd 7.00 9.33 2.33 
H 3 
H 4 sp RBE d 7.75 9.58 1.83 
H 5 pc RBE d 7.88 7.67 -0.21 
H 7 
H 8 sp BR g  7.33 
H 9 
H 10 vu BR nd 8.88 10.50 1.62 
H 11 
H 13 mc BR d 7.75 9.08 1.33 
H 14 vu RBE nd 8.00 9.17 1.17 
H 16 sp RBE wd 6.08 7.08 1.00 
H 17 vu RBE wd 6.66 8.00 1.34 
H 18 sp RBE d 5.66 7.50 1.84 
H 18a mc RBE nu 5.92 9.67 3.75 
H 19 sp RBE d 4.92 8.00 3.08 
H 20 sp RBE d 4.92 
H 21 hp RBE d 
H 23 sp RBE d 6.58 8.33 1.75 
H 24 sp RBE d 9.75 11.33 1.58 
H 25 hp RBE nd 10.58 
H 26 sp RBE d 9.25 9.83 0.58 
H 27 mc RBE nu 
H 28 sp BR d 6.17 6.00 
H 32 
H 33 sp RBE d 2.83 3.17 0.34 
H 34 
H 35 mc RBE nu 4.50 5.67 1.17 
H 36 
H 37 sp BR sd 7.33 8.58 1.25 
H 38 

sp 

H 39 mc BR nu 6.25 dry 
H 39 sp BR nu 
H 41 mc BR d 9.66 10.50 0.84 
H 42 sp BR sd dry 
H 43 
H 44 
H 45 
H 46 sp BR sd 6.33 6.50 0.17 
H 48 mc BR d 10.33 
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Hurigaswewa - Continued 

House 
No. 

Latrine 

Y=yes 

Surface 
Water Sources 
Visited 

Groundwater 
Sources 
Visited 

H 1  HDC2, HTK, KO H 2, 
H 2 HDC2, KO H 2, 
H 3 
H 4  y  HDC2, HTK, KO H 4  
H 5 y  HDC2, KO H 5, 
H 7 HDC2, HTK, KO H 4  
H 8 HDC2, HTK, KO H 2, 
H 9 HDC2, HTK, KO H 4 ,  
H 10 HTK, KO H 5 
H 11 HDC2, HTK 
H 13 HDC2, HTK, KO 
H 14 HDC2, HTK, KO 
H 16 y  HDC2, HTK, KO H 4 
H 17 y  HTK, KO 
H 18 y  
H 18a 
H 19 HDC2, HTK, KO 
H 20 HTK, KO 
H 21 HDC2, HTK, PMC 
H 23 HTK, KO 
H 24 HTK, KO 
H 25 HDC2, HTK 
H 26 y  HTK, KO, PMC H 5 
H 27 HDC2, HTK, KO H 4 
H 28 HDC2, HTK 
H 32 HTK, KO 
H 33 HTK, KO 
H 34 HTK, KO 
H 35 HTK, KO,PMC H 48 
H 36 HTK, KO H 48 
H 37 HTK, KO H 48 
H 38 HTK, KO H 48 
H 39 KO H 48 
H 39 HDC2, HTK, KO 
H 41 HTK 
H 42 HTK H 48 
H 43 HTK,KO 
H 44 HTK, KO 
H 45 HTK 
H 46 y  HTK, KO 
H 48 y  HTK, KO H 48 



APPENDIX C - Continued 

Hurigaswewa - Continued 

House Well Soil Use Depth to Depth to Differ
No. Type Type Water Water ence btw 

(feet) (feet) July and 
7/7-9/86 8/11/86 August 

(feet) 

H 50 
H 51 sp RBE d 14.42 16.75 2.33 
H 52 
H 53 pc BR d 13.25 15.30 2.05 
H 54 
H 56 vu RBE d 4.33 5.55 1.22 
H 57 vu RBE d 2.58 4.67 2.09 
H 58 
H 59 sp RBE nd 6.42 7.83 1.41 
H 60 sp RBE d 5.83 7.17 1.34 
H 60a mc RBE d 7.92 9.17 1.25 
H 61 
H 62 
H 63 
H 64 
H 65 
H 66 
H 67 mc BR d 13.50 
H 68 
H 69 sp RBE sd 11.17 14.50 3.33 
H 71 hp BR d 
H 73 
H 74 sp BR 7.33 
H 75 sp BR 8.50 10.67 2.17 
H 76 
H 77 sp BR d 5.33 
H 79 sp BR nd 7.66 9.92 2.26 
H 81 mc BR d 11.00 14.00 3.00 
H 82 vu BR nd 11.33 13.58 2.25 
H 83 sp BR d 10.58 12.00 1.42 
H 84 
H 86 sp BR nd 5.92 7.00 1.08 
H 87 sp BR d 5.50 
H 88 sp RBE d 9.83 
H 89 sp BR d 8.42 9.42 1.00 
H 89a mc BR nu 7.25 7.17 -0.08 
H 90 pc BR d 5.75 6.25 0.50 
H 91 mc BR nu 
H 92 sp BR sd 6.58 7.92 1.34 
H 93 
H 95 sp BR d 10.83 11.00 0.17 



APPENDIX C - Continued 

Hurigaswewa - Continued 

House Latrine Surface Groundwater 
No. Water Sources Sources 

Y=yes Visited Visited 

H 50 
H 51 y  HTK, KO 
H 52 HTK, KO 
H 53 y  HTK, KO 
H 54 y  
H 56 HTK 
H 57 KO 
H 58 HTK 
H 59 KO 
H 60 
H 60a 
H 61 KO 
H 62 KO 
H 63 
H 64 
H 65 HTK, KO, 
H 66 
H 67 HTK, KO 
H 68 
H 69 HTK, KO 
H 71 HDC2 , W. 

H 73 
H 74 KO 
H 75 HTK, KO 
H 76 HTK, KO 
H 77 HTK 
H 79 KO 
H 81 KO 
H 82 HTK, KO 
H 83 y  KO 
H 84 y  KO 
H 86 KO 
H 87 KO 
H 88 KO 
H 89 y  KO 
H 89a 
H 90 KO 
H 91 KO 
H 92 HTK, KO 
H 93 KO 
H 95 HTK, KO 

H 48 

H 4 

HJW 

H 106 



APPENDIX C - Continued 

Hurigaswewa - Continued 

House Well Soil Use Depth to Depth to Differ
No. Type Type Water Water ence btw 

(feet) (feet) July and 
7/7-9/86 8/11/86 August 

H 96 mc RBE d 10.17 11.42 1.25 
H 97 
H 98 hp RBE d 
H 99 sp RBE d 12.25 13.42 1.17 
H100 
H101 
H102 
H103 mc RBE d 11.00 12.50 1.50 
H104 sp RBE 10.75 12.33 1.58 
H105 
H106 mc BR d 11.92 12.75 0.83 
H107 sp RBE d 12.33 
Hcoop mc BR nu 11.25 13.75 2.50 
HJW mc BR d 8.42 9.42 1.00 
H A 
H B 
H C 
H D 
H E 
H F 
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Hurigaswewa - Continued 

House Latrine Surface Groundwater 
No. Water Sources Sources 

Y=yes Visited Visited 
H 96 

Y=yes 
KO H 98, H 106 

H 97 KO 
H 98 HTK, KO 
H 99 HTK, KO H 98, H 99 
H100 KO, HTK H 98 
H101 y  KO 
H102 KO H 98 
H103 HDC2, HTK, KO H 98, H 106 
H104 HTK, KO 
H105 HTK, KO 
H106 HTK, KO H 106 
H107 HTK, KO 
Hcoop 
HJW 
H A H 2, H 5 
H B HDC2 H 4 
H C HDC2, HTK, PDC2 H 2, H 4 
H D KO 
H E KO 
H F KO 
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APPENDIX E 
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APPENDIX E - Continued 

• - Mole Visitors N=35 

• • O • Fenale Visitors N=35 
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APPENDIX E - Continued 
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• - Male Visitors N=61 

O • Female Visitors N=63 
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Female Visitors N=24 
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. . . . O Female Visitors 
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.... O Female Visitors N=18 
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APPENDIX G - Continued 
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7.9 APPENDIX I 

LIST OF HOUSES REPRESENTED AT SURFACE WATER SOURCES 



APPENDIX I 

SURFACE WATER ENUMERATION DATA 

Source Dates House Dist Visits Total 
Visit Enumer No. ance per Distanc< 
ed ated (yards) Day per HH 

(yards) 

HDC2 7/16-18 H 4 30 10.2 612.0 
HDC2 7/16-18 H 2 94 3.3 620.4 
HDC2 7/16-18 P 54 97 2.3 446.2 
HDC2 7/16-18 H 1 114 3.7 843.6 
HDC2 7/16-18 H 7 121 2.7 653.4 
HDC2 7/16-18 H 11 134 0.3 80.4 
HDC2 7/16-18 H 5 141 1.0 282.0 
HDC2 7/16-18 H 8 147 3.0 882.0 
HDC2 7/16-18 H B 161 0.7 225.4 
HDC2 7/16-18 P 53 167 1.0 334.0 
HDC2 7/16-18 H 27 188 0.3 112.8 
HDC2 7/16-18 H 28 214 0.7 299.6 
HDC2 7/16-18 H C 235 2.7 1269.0 
HDC2 7/16-18 H 9 241 1.0 482.0 
HDC2 7/16-18 H 16 261 0.7 365.4 
HDC2 7/16-18 H 25 268 1.3 696.8 
HDC2 7/16-18 H 10 275 4.3 2365.0 
HDC2 7/16-18 H 13 275 1.3 715.0 
HDC2 7/16-18 P 49 282 3.3 1861.2 
HDC2 7/16-18 H 14 288 0.3 172.8 
HDC2 7/16-18 P 48 320 0.3 192.0 
HDC2 7/16-18 H 19 409 0.3 245.4 
HDC2 7/16-18 H 21 536 0.3 321.6 
HDC2 7/16-18 H 103 804 0.7 1125.6 
HDC2 7/16-18 P 92 924 0.3 554.4 

HTK 7/5-7 K 37 0.3 
HTK 7/5-7 K 28 0.3 
HTK 7/5-7 travler 2.3 
HTK 7/5-7 K 27 0.3 
HTK 7/5-7 K 11 0.3 
HTK 7/5-7 H 46 198 10.7 4237.2 
HTK 7/5-7 H 28 211 7.3 3080.6 
HTK 7/5-7 H 27 246 0.7 344.4 
HTK 7/5-7 H 53 265 3.0 1590.0 
HTK 7/5-7 H 43 296 0.3 177.6 
HTK 7/5-7 H 1 300 2.0 1200.0 
HTK 7/5-7 H 44 326 0.7 456.4 
HTK 7/5-7 H 26 326 1.3 847.6 
HTK 7/5-7 H 51 352 3.7 2604.8 



APPENDIX I - Continued 

Source Dates House 
Visit- Enumer- No. 
ed ated 

Dist
ance 

(yards) 

Visits 
per 
Day 

Total 
Distance 
per HH 
(yards) 

HTK 7/5-7 H 76 370 2.7 1998.0 
HTK 7/5-7 H 36 370 0.3 222.0 
HTK 7/5-7 H 41 374 0.7 523.6 
HTK 7/5-7 H 4 374 5.7 4263.6 
HTK 7/5-7 H 99 386 0.7 540.4 
HTK 7/5-7 H 9 387 2.3 1780.2 
HTK 7/5-7 H 25 388 2.7 2095.2 
HTK 7/5-7 H 82 396 1.0 792.0 
HTK 7/5-7 H 69 414 1.0 828.0 
HTK 7/5-7 H 34 418 1.7 1421.2 
HTK 7/5-7 H 42 418 1.0 836.0 
HTK 7/5-7 H 38 422 0.3 253.2 
HTK 7/5-7 H 11 431 0.3 258.6 
HTK 7/5-7 H 10 431 3.0 2586.0 
HTK 7/5-7 H 106 440 0.7 616.0 
HTK 7/5-7 H 105 440 2.3 2024.0 
HTK 7/5-7 H 20 440 1.7 1496.0 
HTK 7/5-7 H 37 440 0.7 616.0 
HTK 7/5-7 H 24 458 3.7 3389.2 
HTK 7/5-7 H 7 462 2.3 2125.2 
HTK 7/5-7 H 32 462 0.3 277.2 
HTK 7/5-7 H 13 471 2.7 2543.4 
HTK 7/5-7 P 52 476 0.3 285.6 
HTK 7/5-7 H 104 484 0.3 290.4 
HTK 7/5-7 H 75 484 1.0 968.0 
HTK 7/5-7 P 54 484 3.0 2904.0 
HTK 7/5-7 H 48 484 1.0 968.0 
HTK 7/5-7 H 103 484 0.7 677.6 
HTK 7/5-7 H 8 497 1.0 994.0 
HTK 7/5-7 H 21 500 2.3 2300.0 
HTK 7/5-7 H 14 515 5.7 5871.0 
HTK 7/5-7 H 35 520 1.7 1768.0 
HTK 7/5-7 H 71 528 0.7 739.2 
HTK 7/5-7 H 23 528 2.7 2851.2 
HTK 7/5-7 P 55 554 3.3 3656.4 
HTK 7/5-7 P 53 554 1.3 1440.4 
HTK 7/5-7 H 17 555 1.3 1443.0 
HTK 7/5-7 H 65 572 2.3 2631.2 
HTK 7/5-7 H 100 572 1.0 1144.0 
HTK 7/5-7 H 33 581 0.7 813.4 
HTK 7/5-7 H 19 590 2.7 3186.0 
HTK 7/5-7 H 16 600 1.7 2040.0 
HTK 7/5-7 P 51 607 3.0 3642.0 
HTK 7/5-7 P 126 607 1.7 2063.8 
HTK 7/5-7 H 56 616 0.7 862.4 
HTK 7/5-7 H 95 616 0.3 369.6 
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Source 
Visit
ed 

Dates House 
Enumer- No. 
ated 

Dist
ance 

(yards) 

Visits Total 
per 
Day 

Distance 
per HH 
(yards) 

HTK 7 5-7 H 92 616 0.3 369.6 
HTK 7 5-7 P 123 624 1.3 1622.4 
HTK 7 5-7 H 98 646 1.0 1292.0 
HTK 7 5-7 P 57 660 1.7 2244.0 
HTK 7 5-7 P 49 668 2.0 2672.0 
HTK 7 5-7 H 52 704 4.0 5632.0 
HTK 7 5-7 H 107 713 1.3 1853.8 
HTK 7 5-7 H 58 713 0.3 427.8 
HTK 7 5-7 P 98 1,144 0.3 686.4 
HTK 7 5-7 P 106 1,170 1.0 2340.0 

HTK 8 14-15 TRAVLER 2.0 
HTK 8 14-15 H 46 198 11.5 4554.0 
HTK 8 14-15 H 28 211 3.0 1266.0 
HTK 8 14-15 H 27 246 0.5 246.0 
HTK 8 14-15 H 53 265 1.0 530. 0 
HTK 8 14-15 H 1 300 0.5 2631.2 
HTK 8 14-15 H 44 326 2.0 1304.0 
HTK 8 14-15 H 45 326 0.5 326.0 
HTK 8 14-15 H 26 326 1.0 652.0 
HTK 8 14-15 H 51 352 1.5 1056.0 
HTK 8 14-15 H 76 370 0.5 370.0 
HTK 8 14-15 H 4 374 0.5 374.0 
HTK 8 14-15 H 34 418 1.0 836.0 
HTK 8 14-15 H 42 418 1.0 836.0 
HTK 8 14-15 H 37 440 0.5 440.0 
HTK 8 14-15 H 20 440 0.5 440.0 
HTK 8 14-15 H 32 462 0.5 462.0 
HTK 8 14-15 H 7 462 0.5 462.0 
HTK 8 14-15 H 67 466 1.0 932.0 
HTK 8 14-15 H 13 471 4.5 4239.0 
HTK 8 14-15 H 75 484 0.5 484.0 
HTK 8 14-15 H 48 484 1.0 968.0 
HTK 8 14-15 H 21 500 3.0 3000.0 
HTK 8 14-15 H 77 506 1.0 1012.0 
HTK 8 14-15 H 23 528 0.5 528.0 
HTK 8 14-15 H 65 572 3.5 4004.0 
HTK 8 14-15 H 33 581 0.5 581.0 
HTK 8 14-15 H 19 590 1.0 1180.0 
HTK 8 14-15 H C 660 0.5 660.0 
HTK 8 14-15 H 52 704 2.0 2816.0 
HTK 8 14-15 H 107 713 1.0 1426.0 
HTK 8 14-15 P 98 1,144 0.5 1144.0 
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Source Dates 
Visit- Enumer 
ed ated 

House Dist-
No. ance 

(yards) 

Visits Total 
per Distance 
Day per HH 

(yards) 

KO 7/9-10 TRAVLERS 5.5 
KO 7/9-10 K 38 2.0 
KO 7/9-10 H 90 145 0.5 145.0 
KO 7/9-10 H 86 178 3.5 1246.0 
KO 7/9-10 H G 178 3.0 1068.0 
KO 7/9-10 H 91 185 6.0 2220.0 
KO 7/9-10 H 89 198 2.0 792.0 
KO 7/9-10 H 87 212 5.0 2120.0 
KO 7/9-10 H 92 215 3.0 1290.0 
KO 7/9-10 H 95 238 2.0 952.0 
KO 7/9-10 H 96 250 3.0 1500.0 
KO 7/9-10 H 97 255 1.5 765.0 
KO 7/9-10 H 107 292 1.0 584.0 
KO 7/9-10 H 102 295 3.5 2065.0 
KO 7/9-10 H 98 308 4.0 2464.0 
KO 7/9-10 H 79 309 2.0 1236.0 
KO 7/9-10 H 84 312 2.0 1248.0 
KO 7/9-10 H 99 349 3.5 2443.0 
KO 7/9-10 H 100 352 1.5 1056.0 
KO 7/9-10 H 103 369 4.0 2952.0 
KO 7/9-10 H 75 373 1.5 1119.0 
KO 7/9-10 H 81 386 1.0 772.0 
KO 7/9-10 H 104 389 1.5 1167.0 
KO 7/9-10 H 106 400 4.5 3600.0 
KO 7/9-10 H 71 433 0.5 433.0 
KO 7/9-10 H 82 440 1.0 880.0 
KO 7/9-10 H 74 447 1.0 894.0 
KO 7/9-10 H 53 529 2.5 2645.0 
KO 7/9-10 H 69 556 0.5 556.0 
KO 7/9-10 H 51 603 0.5 603.0 
KO 7/9-10 H 52 748 1.0 1496.0 
KO 7/9-10 H 57 801 1.0 1602.0 
KO 7/9-10 H 34 885 1.0 1770.0 
KO 7/9-10 H 26 1,090 0.5 1090.0 
KO 7/9-10 H 2 1,110 0.5 1590.0 
KO 7/9-10 H 9 1,123 0.5 1123.0 
KO 7/9-10 H 4 1,137 3.0 6822.0 
KO 7/9-10 P 53 1,140 0.5 1140.0 
KO 7/9-10 H 10 1,151 0.5 1151.0 
KO 7/9-10 H 20 1,195 0.5 1195.0 
KO 7/9-10 H 13 1,198 0.5 1198.0 
KO 7/9-10 H 14 1,218 1.5 222.0 
KO 7/9-10 H 17 1,245 2.0 4980.0 
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Source Dates House Dist Visits Total 
Visit Enumer No. ance per Distance 
ed ated (yards) Day per HH 

(yards) 

KO 8/5-7 K 16 1.0 
KO 8/5-7 K 37 0.7 
KO 8/5-7 PADDY 3.0 
KO 8/5-7 H 90 145 1.7 493.0 
KO 8/5-7 H F 165 3.7 1229.8 
KO 8/5-7 H 36 178 4.0 1424.0 
KO 8/5-7 H 91 185 6.0 2220.0 
KO 8/5-7 H 89 198 4.7 2365.0 
KO 8/5-7 H 87 212 2.4E+222 1.OE+225 
KO 8/5-7 H 92 215 3.7 1591.0 
KO 8/5-7 H 95 238 4.3 2046.8 
KO 8/5-7 H 96 250 7.3 3650.0 
KO 8/5-7 H 97 255 2.7 1377.0 
KO 8/5-7 H 107 292 2.3 792.0 
KO 8/5-7 H 102 295 14.3 8437.0 
KO 8/5-7 H 98 308 7.3 4496.8 
KO 8/5-7 H 79 309 4.3 2657.4 
KO 8/5-7 H 84 312 5.3 3307.2 
KO 8/5-7 K 38 312 0.3 187.2 
KO 8/5-7 H 101 320 0.3 1861.2 
KO 8/5-7 H 88 322 0.7 450.8 
KO 8/5-7 H 99 349 4.3 3001.4 
KO 8/5-7 H 100 352 3.3 2323.2 
KO 8/5-7 H 103 369 5.3 462.0 
KO 8/5-7 H 75 373 5.0 3730.0 
KO 8/5-7 H 81 386 2.3 1775.6 
KO 8/5-7 H 104 389 5.0 3890.0 
KO 8/5-7 H 106 400 5.0 4000.0 
KO 8/5-7 H 105 429 0.3 257.4 
KO 8/5-7 H 71 433 4.0 3464.0 
KO 8/5-7 H 82 440 1.0 880.0 
KO 8/5-7 H 74 447 3.3 2950.2 
KO 8/5-7 H 76 467 1.0 934.0 
KO 8/5-7 H 53 529 7.7 8146.6 
KO 8/5-7 H 51 603 4.3 5185.8 
KO 8/5-7 H 61 621 0.3 372.6 
KO 8/5-7 H 44 643 0.3 1151.0 
KO 8/5-7 H 48 730 1.3 1861.2 
KO 8/5-7 H 52 748 1.0 1496.0 
KO 8/5-7 H 43 751 0.3 450.6 
KO 8/5-7 H 38 764 9.3 14210.4 
KO 8/5-7 H 57 801 1.7 2723.4 
KO 8/5-7 H 37 818 1.0 1636.0 
KO 8/5-7 H 36 865 0.3 519.0 
KO 8/5-7 H 33 871 0.3 522.6 
KO 8/5-7 H 39 878 0.7 1229.2 
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Source Dates House Dist Visits Total 
Visit Enumer No. ance per Distance 
ed ated (yards) Day per HH 

(yards) 

KO 8/5-7 H 34 885 1.7 3009.0 
KO 8/5-7 H 28 969 0.3 581.4 
KO 8/5-7 H 5 1,050 2.7 5670.0 
KO 8/5-7 H 1 1,083 1.0 2166.0 
KO 8/5-7 H 26 1,090 1.7 3706.0 
KO 8/5-7 H 2 1,110 1.0 2220.0 
KO 8/5-7 H 9 1,123 1.0 2246.0 
KO 8/5-7 H 4 1,137 4.0 9096.0 
KO 8/5-7 H 10 1,151 0.7 2095.2 
KO 8/5-7 H 20 1,195 1.0 203.0 
KO 8/5-7 H 13 1,198 2.0 4792.0 
KO 8/5-7 H 7 1,230 0.3 738.0 
KO 8/5-7 H 17 1,245 2.0 4980.0 
KO 8/5-7 H 8 1,257 0.7 4488.0 
KO 8/5-7 H 23 1,265 1.7 4301.0 
KO 8/5-7 H 21 1,268 0.3 760.8 
KO 8/5-7 H 19 1,278 0.7 1789.2 
KO 8/5-7 P 116 1,572 0.7 2200.8 
KO 8/5-7 P 88 3,222 0.3 1933.2 

KO 8/29-31 LABOR 1.3 
KO 8/29-31 K 16 0.7 
KO 8/29-31 TRAVLER 4.3 
KO 8/29-31 K 47 0.3 
KO 8/29-31 K 59 2.3 
KO 8/29-31 H 90 145 0.7 203.0 
KO 8/29-31 H F 165 1.7 561.0 
KO 8/29-31 H G 178 1.3 462.8 
KO 8/29-31 H 86 178 7.3 2598.8 
KO 8/29-31 H 91 185 8.0 2960.0 
KO 8/29-31 H E 195 6.7 2613.0 
KO 8/29-31 H 89 198 3.7 1465.2 
KO 8/29-31 H 87 212 6.0 2544.0 
KO 8/29-31 H 92 215 5.7 2451.0 
KO 8/29-31 H 93 230 0.7 322.0 
KO 8/29-31 H 95 238 5.3 2522.8 
KO 8/29-31 H 96 250 3.7 1850.0 
KO 8/29-31 H 97 255 2.0 1020.0 
KO 8/29-31 H D 258 2.3 1186.8 
KO 8/29-31 H 107 292 6.7 285.6 
KO 8/29-31 H 102 295 3.0 1770.0 
KO 8/29-31 H 98 308 8.7 5359.2 
KO 8/29-31 H 79 309 4.7 2904.6 
KO 8/29-31 H 84 312 1.3 811.2 
KO 8/29-31 H 99 349 4.7 3280.6 
KO 8/29-31 H 100 352 4.0 2816.0 
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Source Dates House Dist- Visits 
Visit- Enumer- No. ance per 
ed ated (yards) Day 

KO 8/29-31 H 103 369 6.3 
KO 8/29-31 H 75 373 4.7 
KO 8/29-31 H 81 386 1.7 
KO 8/29-31 H 83 389 0.7 
KO 8/29-31 H 104 389 2.0 
KO 8/29-31 H 106 400 5.3 
KO 8/29-31 H 105 429 2.3 
KO 8/29-31 H 71 433 3.3 
KO 8/29-31 H 82 440 0.3 
KO 8/29-31 H 74 447 2.0 
KO 8/29-31 H 76 467 1.3 
KO 8/29-31 H 53 529 11.7 
KO 8/29-31 H 46 597 3.0 
KO 8/29-31 H 62 600 0.3 
KO 8/29-31 H 51 603 2.7 
KO 8/29-31 H 65 708 1.0 
KO 8/29-31 H 59 714 1.3 
KO 8/29-31 H 48 730 1.0 
KO 8/29-31 H 52 748 3.0 
KO 8/29-31 H 38 764 1.0 
KO 8/29-31 H 57 801 1.3 
KO 8/29-31 H 37 818 1.3 
KO 8/29-31 H 35 844 0.3 
KO 8/29-31 H 36 865 0.3 
KO 8/29-31 H 33 871 3.7 
KO 8/29-31 H 34 885 1.0 
KO 8/29-31 H 32 932 0.3 
KO 8/29-31 H 27 1 016 0.7 
KO 8/29-31 H 5 1 050 1.3 
KO 8/29-31 H 26 1 090 0.7 
KO 8/29-31 H 2 1 110 1.0 
KO 8/29-31 H 9 1 123 2.0 
KO 8/29-31 H 4 1 137 4.7 
KO 8/29-31 H 10 1 151 3.7 
KO 8/29-31 P 54 1 183 0.3 
KO 8/29-31 H 20 1 195 3.0 
KO 8/29-31 H 13 1 198 2.7 
KO 8/29-31 H 24 1 198 3.0 
KO 8/29-31 H 14 1 218 4.0 
KO 8/29-31 H 7 1 230 2.7 
KO 8/29-31 H 17 1 245 0.3 
KO 8/29-31 H 23 1 265 3.7 
KO 8/29-31 H 21 1 268 0.7 
KO 8/29-31 H 19 1 278 1.0 
KO 8/29-31 P A 1 284 1.7 
KO 8/29-31 H 16 1 332 0.7 

Total 
Distance 
per HH 
(yards) 

4649.4 
3506.2 
1312.4 
544.6 

1556.0 
4240.0 
1973.4 
2857.8 
264.0 
1788.0 
1214.2 

12378.6 
3582.0 
360.0 

3256.2 
1416.0 
1856.4 
1460.0 
4488.0 
1528.0 
2082.6 
2126.8 
5632.0 
519.0 

6445.4 
1770.0 
559.2 

1422.4 
2730.0 
1526.0 
2220.0 
4492.0 
10687.8 
8517.4 
709.8 

7170.0 
6469.2 
7188.0 
9744.0 
6642.0 
747.0 

9361.0 
1775.2 
2556.0 
4365.6 
932.0 
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Source Dates House 
Visit- Enumer- No. 
ed ated 

Dist
ance 

(yards) 

Visits Total 
per 
Day 

Distance 
per HH 
(yards) 

KO 8/29-31 P 49 1,396 0.7 1954.4 
KO 8/29-31 P 116 1,572 0.7 2200.8 
KO 8/29-31 P 68 1,625 0.7 2275.0 
KO 8/29-31 P 110 2,010 0.3 1206.0 
KO 8/29-31 P 90 2,206 0.3 1323.6 
KO 8/29-31 P 91 2,235 1.3 5811.0 

PDC2 8/13-15 P 123 30 3.3 198.0 
PDC2 8/13-15 P 67 35 0.3 21.0 
PDC2 8/13-15 P 57 35 6.0 420.0 
PDC2 8/13-15 P 122 35 1.0 70.0 
PDC2 8/13-15 P 58 62 5.7 706.8 
PDC2 8/13-15 P 126 88 0.7 123.2 
PDC2 8/13-15 P 119 88 1.3 228.8 
PDC2 8/13-15 P 124 88 0.3 52.8 
PDC2 8/13-15 P 59 92 5.0 920.0 
PDC2 8/13-15 P 59 92 5.0 920.0 
PDC2 8/13-15 P 47 110 3.3 431.2 
PDC2 8/13-15 P 45 110 2.3 506.0 
PDC2 8/13-15 P 60 120 1.3 312.0 
PDC2 8/13-15 P 120 132 2.3 607.2 
PDC2 8/13-15 P 51 132 0.7 184.8 
PDC2 8/13-15 P 115 194 1.0 388.0 
PDC2 8/13-15 P 44 198 4.0 1584.0 
PDC2 8/13-15 P 116 211 0.3 126.6 
PDC2 8/13-15 H C 242 0.3 145.2 
PDC2 8/13-15 P 43 264 1.3 686.4 
PDC2 8/13-15 P 66 286 3.7 2116.4 
PDC2 8/13-15 P 68 308 0.7 0.0 
PDC2 8/13-15 P 62 352 2.3 1619.2 
PDC2 8/13-15 P 61 396 1.0 792.0 
PDC2 8/13-15 P 112 625 0.7 875.0 
PDC2 8/13-15 P 111 660 0.3 396.0 
PDC2 8/13-15 P 110 720 1.3 1872.0 

PMC 7/5-7 M 42 0.3 
PMC 7/5-7 K 40 0.3 
PMC 7/5-7 K 45 6.7 
PMC 7/5-7 M 9 0.3 
PMC 7/5-7 K 87 0.3 
PMC 7/5-7 M 91 0.7 
PMC 7/5-7 K 17 0.3 
PMC 7/5-7 M 31 0.7 
PMC 7/5-7 K 42 1.3 
PMC 7/5-7 M 5 0.3 
PMC 7/5-7 K 68 0.3 
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Source Dates House Dist Visits Total 
Visit Enumer Nc i. ance per Distance 
ed ated (yards) Day per HH 

(yards) 

PMC 7/5-7 K 46 0.3 
PMC 7/5-7 M 63 1.0 
PMC 7/5-7 K 15 1.7 
PMC 7/5-7 K 11 0.3 
PMC 7/5-7 K 18 1.3 
PMC 7/5-7 K 28 0.3 
PMC 7/5-7 K 62 1.0 
PMC 7/5-7 K 32 0.7 
PMC 7/5-7 M 29 0.3 
PMC 7/5-7 K 14 1.0 
PMC 7/5-7 TRAVLERS 6.0 
PMC 7/5-7 K 9 0.7 
PMC 7/5-7 M 80 0.3 
PMC 7/5-7 K 38 0.3 
PMC 7/5-7 M 102 0.3 
PMC 7/5-7 M 11 1.0 
PMC 7/5-7 K 55 0.3 
PMC 7/5-7 K 30 0.3 
PMC 7/5-7 K 16 9.3 
PMC 7/5-7 K 63 0.7 
PMC 7/5-7 K 20 16.3 
PMC 7/5-7 K 36 0.3 
PMC 7/5-7 K 22 0.7 
PMC 7/5-7 K 21 0.7 
PMC 7/5-7 K 27 0.3 
PMC 7/5-7 M 78 0.7 
PMC 7/5-7 K 88 0.3 
PMC 7/5-7 K 48 0.3 
PMC 7/5-7 M 62 0.3 
PMC 7/5-7 P 91 303 3.3 1999.8 
PMC 7/5-7 P 93 314 3.7 2323.6 
PMC 7/5-7 P 90 343 5.0 3430.0 
PMC 7/5-7 P 95 419 2.3 1927.4 
PMC 7/5-7 P 85 440 0.3 264.0 
PMC 7/5-7 P 99 446 4.3 3835.6 
PMC 7/5-7 P 96 463 4.3 3981.8 
PMC 7/5-7 P 86 479 1.3 1245.4 
PMC 7/5-7 P 97 503 6.3 6337.8 
PMC 7/5-7 P 87 523 2.0 2092.0 
PMC 7/5-7 P 75 534 1.3 1388.4 
PMC 7/5-7 P 98 535 1.0 1070.0 
PMC 7/5-7 P 76 567 1.0 1134.0 
PMC 7/5-7 P 101 583 2.0 2332.0 
PMC 7/5-7 P 77 594 0.7 831.6 
PMC 7/5-7 P 100 603 1.7 2050.2 
PMC 7/5-7 P 78 623 2.3 0.0 
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Source Dates House Dist Visits Total 
Visit Enumer No. ance per Distance 
ed ated (yards) Day per HH 

(yards) 

PMC 7/5-7 P 108 633 2.0 2532.0 
PMC 7/5-7 P 102 633 1.0 1266.0 
PMC 7/5-7 P 105 639 1.0 1278.0 
PMC 7/5-7 P 79 655 2.0 2620.0 
PMC 7/5-7 P 107 660 0.7 924.0 
PMC 7/5-7 P 103 665 1.3 1729.0 
PMC 7/5-7 P 84 679 0.7 950.6 
PMC 7/5-7 P 104 695 2.3 3197.0 
PMC 7/5-7 P 106 700 1.3 1820.0 
PMC 7/5-7 P 80 700 1.7 2380.0 
PMC 7/5-7 P 110 710 1.3 1846.0 
PMC 7/5-7 P 111 743 1.3 1931.8 
PMC 7/5-7 P 109 750 0.3 450.0 
PMC 7/5-7 P 112 782 3.0 4692.0 
PMC 7/5-7. P 113 881 3.7 6519.4 
PMC 7/5-7 P 48 975 1.7 3315.0 
PMC 7/5-7 P 62 975 1.0 1950.0 
PMC 7/5-7 P 64 995 0.7 1393.0 
PMC 7/5-7 P 49 1,015 3.3 6699.0 
PMC 7/5-7 P 47 1,089 1.3 2831.4 
PMC 7/5-7 P 115 1,100 0.3 660.0 
PMC 7/5-7 P 60 1,159 0.7 1622.6 
PMC 7/5-7 P 42 1,200 3.3 7920.0 
PMC 7/5-7 P 46 1,221 0.7 1709.4 
PMC 7/5-7 P 59 1,230 0.3 738.0 
PMC 7/5-7 P 45 1,239 0.7 1734.6 
PMC 7/5-7 P 122 1,290 0.3 774.0 
PMC 7/5-7 P 121 1,320 0.7 0.0 
PMC 7/5-7 M 16 1,584 0.3 0.0 
PMC 7/5-7 H 21 1,584 0.7 2217.6 
PMC 7/5-7 H 35 1,936 0.7 2710.4 
PMC 7/5-7 M 21 1,936 1.3 5033.6 
PMC 7/5-7 M 50 1,945 0.3 1167.0 
PMC 7/5-7 H 65 1,945 0.3 1167.0 

PMC 8/3-5 K 14 0.3 
PMC 8/3-5 K 41 0.7 
PMC 8/3-5 K 15 0.7 
PMC 8/3-5 TRAVLER 0.7 
PMC 8/3-5 K 38 0.3 
PMC 8/3-5 K 16 3.3 
PMC 8/3-5 K 45 2.7 
PMC 8/3-5 K 17 0.3 
PMC 8/3-5 K 43 0.3 
PMC 8/3-5 P 91 303 3.3 0.0 
PMC 8/3-5 P B 314 1.0 628.0 
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Source Dates House Dist Visits Total 
Visit Enumer No. ance per Distance 
ed ated (yards) Day per HH 

(yards) 

PMC 8/3-5 P 93 314 2.0 1256.0 
PMC 8/3-5 P 90 343 1.0 686.0 
PMC 8/3-5 P 94 375 0.7 525.0 
PMC 8/3-5 P 95 419 2.7 2262.6 
PMC 8/3-5 P 85 440 1.0 880.0 
PMC 8/3-5 P 99 446 3.0 2676.0 
PMC 8/3-5 P 96 463 1.7 1574.2 
PMC 8/3-5 P 86 479 0.7 670.6 
PMC 8/3-5 P 84 485 0.7 679.0 
PMC 8/3-5 P 97 503 3.0 3018.0 
PMC 8/3-5 P 87 523 1.3 1359.8 
PMC 8/3-5 P 75 534 0.7 747.6 
PMC 8/3-5 P 76 567 2.0 2268.0 
PMC 8/3-5 P 101 583 2.0 2332.0 
PMC 8/3-5 P 77 594 0.3 0.0 
PMC 8/3-5 P 100 603 1.3 1567.8 
PMC 8/3-5 P 78 628 1.3 1632.8 
PMC 8/3-5 P 102 633 0.3 379.8 
PMC 8/3-5 P 108 633 2.7 3418.2 
PMC 8/3-5 P 105 639 1.7 2172.6 
PMC 8/3-5 P 79 655 0.7 917.0 
PMC 8/3-5 P 98 655 0.7 917.0 
PMC 8/3-5 P 103 665 0.7 931.0 
PMC 8/3-5 P 70 675 0.3 405.0 
PMC 8/3-5 P 104 695 2.7 3753.0 
PMC 8/3-5 P 106 700 1.7 2380.0 
PMC 8/3-5 P 69 705 0.7 987.0 
PMC 8/3-5 P 71 705 0.3 423.0 
PMC 8/3-5 P 110 710 0.3 426.0 
PMC 8/3-5 P 112 782 1.0 1564.0 
PMC 8/3-5 P 111 782 0.3 469.2 
PMC 8/3-5 P 113 881 2.3 4052.6 
PMC 8/3-5 P 49 1,015 1.3 2639.0 
PMC 8/3-5 P 42 1,200 0.3 720.0 
PMC 8/3-5 P 53 1,230 0.3 738.0 
PMC 8/3-5 P 45 1,239 1.7 4212.6 

PMC 8/11-12 P 75 0.5 
PMC 8/11-12 K 16 4.0 
PMC 8/11-12 K 45 4.0 
PMC 8/11-12 TRAVLER 0.5 
PMC 8/11-12 K 15 0.5 
PMC 8/11-12 P B 228 0.5 228.0 
PMC 8/11-12 P 91 303 2.5 1515.0 
PMC 8/11-12 P 90 343 0.5 343.0 
PMC 8/11-12 P 94 375 1.0 750.0 
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Source Dates House 
Visit- Enumer- No. 
ed ated 

Dist
ance 

(yards) 

Visits Total 
per 
Day 

Distance 
per HH 
(yards) 

PMC 8/11-12 P 85 440 1.0 880.0 
PMC 8/11-12 P 99 446 3.5 372.6 
PMC 8/11-12 P 86 479 1.0 958.0 
PMC 8/11-12 P 97 503 4.5 4527.0 
PMC 8/11-12 P 99 503 0.5 503.0 
PMC 8/11-12 P 105 503 0.5 503.0 
PMC 8/11-12 P 87 523 2.5 2615.0 
PMC 8/11-12 P 75 534 0.5 534.0 
PMC 8/11-12 P 101 583 2.5 2915.0 
PMC 8/11-12 P 100 603 3.5 4221.0 
PMC 8/11-12 P 78 628 2.5 3140.0 
PMC 8/11-12 P 108 633 1.0 1266.0 
PMC 8/11-12 P 102 633 1.5 1899.0 
PMC 8/11-12 P 104 633 0.5 633.0 
PMC 8/11-12 P 105 639 3.0 3834.0 
PMC 8/11-12 P 113 639 0.5 639.0 
PMC 8/11-12 P 107 660 0.5 660.0 
PMC 8/11-12 P 97 665 0.5 665.0 
PMC 8/11-12 P 103 665 2.5 3325.0 
PMC 8/11-12 P 104 695 1.0 1390.0 
PMC 8/11-12 P 106 700 1.0 1400.0 
PMC 8/11-12 P 71 705 6.5 9165.0 
PMC 8/11-12 P 111 743 1.0 950.6 
PMC 8/11-12 P 112 782 1.5 2346.0 
PMC 8/11-12 P 113 881 3.0 5286.0 
PMC 8/11-12 P 47 1,089 0.5 1089.0 
PMC 8/11-12 P 44 1,191 0.5 1191.0 
PMC 8/11-12 H 26 1,293 1.5 3879.0 
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LIST OF HOUSES REPRESENTED AT GROUNDWATER SOURCES 
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GROUNDWATER SOURCE ENUMERATION DATA 

Dates House Dist Visits Volume Family Vol 
Enumer No. ance per per Size per 
ated (yards) Day Day Person 

(liters) (liters) 

7/16-18 H 4 20 12.0 171.7 8.9 19.3 
7/16-18 H 7 40 4.3 71.7 7.0 10.2 
7/16-18 H 8 80 2.3 39.7 7.0 5.7 
7/16-18 H B 201 2.3 28.7 
7/16-18 H 27 217 0.3 1.3 
7/16-18 H 16 227 1.3 20.7 
7/16-18 H C 251 1.0 10.0 4.0 2.5 
7/16-18 P 48 360 2.3 31.3 5.0 6.3 

8/26-28 H 4 20 27.3 340.0 8.9 38.2 
8/26-28 H 7 40 18.7 220.7 7.0 31.5 
8/26-28 H 8 80 0.3 2.7 7.0 0.4 
8/26-28 H 9 120 1.3 9.0 0.1 
8/26-28 P H 120 1.0 15.7 3.0 5.2 
8/26-28 P 121 340 0.3 0.7 6.0 0.1 
8/26-28 P 115 360 0.3 0.7 5.0 0.1 
8/26-28 P 48 360 1.7 30.7 5.0 6.1 
8/26-28 H 64 460 0.7 3.3 3.0 1.1 

9/4-6 H 99 20 18.0 218.0 7.0 31.0 

9/4-6 H 98 20 28.3 307.7 9.0 34.2 
9/4-6 H 99 50 5.3 44.0 7.0 6.3 
9/4-6 H 96 50 0.3 0.3 5.0 0.1 
9/4-6 H 102 50 0.3 1.0 8.0 0.1 
9/4-6 H 100 80 3.7 23.0 3.0 7.7 

7/19-21 H 98 20 29.3 413.0 9.0 46.0 
7/19-21 H 99 50 1.7 11.0 7.0 2.0 
7/19-21 H 96 50 1.3 5.0 5.0 1.0 
7/19-21 H 100 80 3.7 59.0 3.0 20.0 
7/19-21 H 103 117 1.0 8.0 
7/19-21 H 9 871 1.7 13.0 

8/9-10 H 5 20 23.7 231.0 5.0 46.2 
8/9-10 H 26 67 0.3 16.7 6.0 2.8 
8/9-10 H 1 84 5.0 71.0 3.0 23.7 
8/9-10 H 2 84 2.0 35.3 4.0 8.8 
8/9-10 H 9 94 3.7 42.0 6.0 3.7 
8/9-10 H 10 150 0.7 13.3 6.0 2.2 
8/9-10 H A 285 2.3 37.0 3.0 12.3 
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Dates House Dist Visits Volume Family Vol 
Enumer No. ance per per Size per 
ated (yards) Day Day Person 

(liters) (liters) 

8/11-13 H 106 20 36. 3 816.0 5.0 163.0 
8/11-13 H 103 40 8.7 108.0 5.0 21.6 
8/11-13 H 83 40 0.3 6.7 5.0 1.3 
8/11-13 H 96 190 1.3 30.0 5.8 5.2 

8/9-10 H 2 20 16.5 275.0 4.0 68.8 
8/9-10 H 5 50 0.5 2.0 4.0 0.5 
8/9-10 H 1 67 9.5 119.5 3.0 39.8 
8/9-10 H 8 208 2.5 50.5 4.8 10.5 
8/9-10 H A 218 6.0 91.0 3.0 30.3 
8/9-10 H C 268 0.5 3.0 4.0 0.8 

8/11-13 H 74 (7 67 10.3 163.0 4.0 40.8 

9/1-3 H 48 38 17.3 203.7 6.0 34.0 
9/1-3 H 38 75 4.3 81.3 7.5 10.8 
9/1-3 H 37 86 5.3 98.3 8.0 12.3 
9/1-3 H 39 150 3.7 68.7 4.5 15.3 
9/1-3 H 50 150 2.3 38.0 4.0 9.5 
9/1-3 H 35 150 2.7 39.3 6.0 6.6 
9/1-3 H 36 158 2.0 36.3 7.0 5.2 
9/1-3 H 42 169 3.0 50.3 5.4 9.3 

7/22-24 H 48 38 14.7 122.7 6.0 20.5 
7/22-24 H 38 75 4.7 62.3 8.0 7.8 
7/22-24 H 37 86 3.3 57.7 8.0 7.2 
7/22-24 H 39 150 1.3 15.3 5.0 3.1 
7/22-24 H 50 150 0.7 7.7 4.0 1.9 
7/22-24 H 35 150 0.3 4.3 6.0 0.7 
7/22-24 H 36 158 3.0 36.7 9.0 4.1 
7/22-24 H 42 169 1.3 20.3 5.0 4.1 

8/8-10 P 58 20 6.3 63.3 7.0 9.1 
8/8-10 P 45 66 5.3 65.0 7.5 8.7 
8/8-10 P 44 132 1.0 10.7 7.0 1.5 
8/8-10 P 49 193 0.3 2.0 7.0 0.3 
8/8-10 P 46 198 1.7 21.7 7.0 3.1 
8/8-10 P 43 198 2.0 20.7 4.5 4.6 
8/8-10 P 64 242 0.3 6.0 
8/8-10 P 67 264 0.7 9.3 7.0 1.3 
8/8-10 P 63 286 1.0 9.3 
8/8-10 P 62 374 1.7 18.7 8.6 2.2 
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Dates House Dist Visits Volume Family Vol 
Enumer No. ance per per Size per 
ated (yards) Day Day Person 

(liters) (liters) 

9/1-3 P 58 20 7.3 71.0 6.2 11.5 
9/1-3 P 45 66 2.7 39.0 12.0 3.3 
9/1-3 P 57 66 0.7 8.7 6.0 1.5 
9/1-3 P 59 66 0.3 4.0 6.0 0.7 
9/1-3 P 44 132 0.3 2.0 7.0 0.3 
9/1-3 P 43 198 2.0 26.7 4.0 6.7 
9/1-3 P 68 242 1.0 12.7 10.0 1.3 
9/1-3 P 67 264 0.7 8.0 7.0 1.1 
9/1-3 P 62 374 2.3 30. 3 10.2 3.0 

8/29-31 P 108 20 12.7 105.0 8.0 13.1 
8/29-31 P 107 35 2.0 19.7 5.7 3.5 
8/29-31 P 103 44 4.0 47.0 5.2 9.0 
8/29-31 P 102 53 3.0 37.7 6.3 6.0 
8/29-31 P 104 53 0.3 5.3 8.0 0.7 
8/29-31 P 100 66 7.3 72.7 7.6 9.6 
8/29-31 P 101 66 1.0 13.3 7.7 1.7 
8/29-31 P 112 88 1.0 12.0 7.0 1.7 
8/29-31 P 105 88 2.3 30.7 5.4 5.7 
8/29-31 P 111 110 1.3 18.0 6.0 3.0 
8/29-31 P 113 198 2.0 28.7 12.0 2.4 
8/29-31 P 91 361 0.3 4.0 6.0 0.7 

7/16-18 P 108 20 13.0 218.7 8.0 27.3 
7/16-18 P 107 35 2.3 34.7 5.7 6.1 
7/16-18 P 103 44 6.7 102.3 5.2 19.7 
7/16-18 P 102 53 7.3 107.0 6.3 17.0 
7/16-18 P 104 53 2.0 30.3 8.0 3.8 
7/16-18 P 100 66 9.0 129.3 7.6 17.0 
7/16-18 P 101 66 2.7 37.7 7.7 4.9 
7/16-18 P 106 80 3.3 50.7 
7/16-18 P 105 88 2.0 93.7 5.4 17.4 
7/16-18 P 112 88 2.3 29.7 7.0 4.2 
7/16-18 P 111 110 1.7 25.0 6.0 4.2 
7/16-18 P 113 198 3.3 43.0 12.0 3.6 
7/16-18 P 77 242 1.3 19.7 

7/9-11 P 120 30 8.7 108.7 6.6 16.5 
7/9-11 P 118 97 0.3 1.0 
7/9-11 P 121 100 5.3 64.7 6.4 10.1 
7/9-11 P 47 240 0.7 11.3 4.0 2.8 
7/9-11 P 64 413 0.3 5.3 
7/9-11 P 62 528 0.7 3.7 
7/9-11 P 111 757 1.7 22.3 
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Source Dates House Dist Visits Volume Family Vol 
Visit Enumer No. ance per per Size per 
ed ated (yards) Day Day Person 

(liters) (liters) 

P 120 9/4-6 P 120 30 6.0 104.0 6.6 15.8 
P 120 9/4-6 P 121 100 2.3 37.3 6.4 5.8 
P 120 9/4-6 P 45 220 1.0 12.0 5.0 2.4 
P 120 9/4-6 P 42 204 0.3 3.3 5.0 0.7 
P 120 9/4-6 P 43 380 0.3 2.0 4.0 0.5 
P 120 9/4-6 P 47 400 0.3 3.3 4.0 0.8 

P 71 7/2-4 P 71 20 28.3 280.0 

P JW 7/2-4 K 42 88 10.7 192.7 
P JW 7/2-4 K 16 121 7.0 132.0 5.9 22.4 
P JW 7/2-4 K 14 160 1.7 18.0 2.0 9.0 
P JW 7/2-4 CDC 176 1.3 14.0 
P JW 7/2-4 K 17 193 0.3 4.7 
P JW 7/2-4 P 91 253 3.3 51.3 5.7 9.0 
P JW 7/2-4 P 93 264 3.0 52.7 6.8 7.8 
P JW 7/2-4 K 18 264 0.3 2.7 
P JW 7/2-4 P 90 293 1.7 24.3 6.0 4.1 
P JW 7/2-4 P 94 325 1.7 34.7 6.2 5.6 
P JW 7/2-4 P 85 390 1.3 13.7 10.0 4.6 
P JW 7/2-4 P 99 396 2.3 33.3 6.7 5.0 
P JW 7/2-4 P 86 429 0.7 20.3 10.0 
P JW 7/2-4 P 84 435 0.7 7.3 
P JW 7/2-4 P 98 462 0.7 13.7 
P JW 7/2-4 P 87 473 2.0 22.3 5.5 4.1 
P JW 7/2-4 P 75 484 2.0 32.0 6.0 5.3 
P JW 7/2-4 P 76 517 0.7 10.0 4.0 2.5 
P JW 7/2-4 P 77 544 1.0 17.0 5.0 3.4 
P JW 7/2-4 P 78 578 0.7 11.3 6.0 1.6 
P JW 7/2-4 P 100 580 0.7 12.3 
P JW 7/2-4 P 105 589 0.7 11.3 
P JW 7/2-4 P 79 605 1.3 18.7 3.0 6.2 
P JW 7/2-4 P 110 660 0.7 11.7 
P JW 7/2-4 P 111 693 1.0 32.0 6.0 5.3 
P JW 7/2-4 P 112 732 3.3 58.3 5.5 10.6 
P JW 7/2-4 P 61 814 0.3 1.0 
P JW 7/2-4 P 113 831 2.0 27.3 8.3 3.3 
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Source Dates 
Visit- Enumer-
ed ated 

House Dist-
No. ance 

(yards) 

Visits 
per 
Day 

Volume 
per 
Day 

(liters) 

Family Vol 
Size per 

Person 
(liters) 

P JW 9/26-28 K 12 120 1.3 16.7 2.0 8.3 
P JW 9/26-28 K 16 121 2.7 34.7 5.9 5.9 
p JW 9/26-28 K 15 141 2.0 23.7 4.5 5.3 
p JW 9/26-28 K 14 160 0.7 5.0 2.0 2.5 
p JW 9/26-28 P 91 253 2.0 25.3 5.7 4.4 
p JW 9/26-28 P 93 264 1.7 22.0 6.8 3.2 
p JW 9/26-28 P 90 293 2.3 27.3 6.0 4.6 
p JW 9/26-28 P 94 325 1.7 22.3 6.2 3.6 
p JW 9/2S-28 P 85 390 0.3 2.7 3.0 0.9 
p JW 9/26-28 P 99 396 1.0 12.0 6.7 1.8 
p JW 9/26-28 P 86 429 0.7 8.0 10.0 0.8 
p JW 9/26-28 P 87 473 1.3 14.7 5.5 2.7 
p JW 9/26-28 P 75 484 1.0 14.7 6.0 2.4 
p JW 9/26-28 P 76 517 1.0 12.3 4.0 3.1 
p JW 9/26-28 P 101 533 0.3 4.0 5.0 0.8 
p JW 9/26-28 P 77 544 1.3 16.7 5.0 3.3 
p JW 9/26-28 P 102 573 0.3 4.0 5.0 0.8 
p JW 9/26-28 P 78 578 0.3 4.0 6.0 0.7 
p JW 9/26-28 P 71 605 7.0 242.3 5.7 42.5 
p JW 9/26-28 P 79 618 0.3 4.0 3.0 1.3 
p JW 9/26-28 P 111 693 0.3 2.7 6.0 0.9 
p JW 9/26-28 P 112 732 1.3 17.0 5.5 3.1 
p JW 9/26-28 P 113 831 1.0 10.0 8.3 1.2 
p JW 9/26-28 P 115 1050 0.3 4.3 5.0 0.9 
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FORMAL INTERVIEW QUESTIONNAIRE 
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DOMESTIC WATER USE QUESTIONNAIRE 

Date Weather 

Questionnaire No Block No 

Time Hamlet 

Who is present during interview: 

Main contributors to interview: 

1.0 Demographic Information 

1.1 Demographic Information 

1.2 Household No. 

1.3 Allotment No. 

1.4 Relation to head of household 

1.5 Ethnic Group: Up Country Sinhalese / Low country 
Sinhalese / Sri Lankan Tamil / Indian Tamil/ Burgher 

/ Muslim / Other 

1.6 Religion: Buddhist / Hindu / Muslim / Christian / 
Other 

1.7 Caste - (to be inferred) 

1.8 Married? Yes / No 

1.9 List People living in household - start with 
interviewee 

Sex Age Yrs Education Occupation 

1.9.1 If children are not in school, why not? 
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1.10 Type of settler 

Purana Villager 
Evacuee 
Early migrant (moved to area before Mahaweli 
Development) 
Selectees 
Resettler (moved from nearby area) 
Encroacher 
Tenant 

1.11 How long have you lived here? (your family) 

1.12 Where did you move from? 

2.0 Occupation/Economics 

2.1 Sources of family income 

2.2 Ownership of land 

2.3 No. of acres owned 

Farmland (lowland) 

Highland 

2.4 No. of acres leased: type of tenure 

2.5 No. of acres encroached 

Lowland 

Highland 

2.6 How is land used? 

Lowland 

Highland 

2.7 Is chena cultivation practiced? 
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2.8 Ownership of house 

Type and condition of house 

Roof: Cajan/Tin/Tile/Other 

Walls: Mud/Cement/Brick/Other 

Floor: Mud/Cement/Brick/Other 

2.9 Other observed moveable properties 

Approximate degree of wealth (1, poorest - 15, 
wealthiest) 

2.10 Livestock owned/ownership 

No. Caretakers 

Buffalo 

Cows 

Chickens 

Goats 

Pigs 

2.11 Daily Schedule of Activities 

List each activity and approximate time from waking 
till bedtime 
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3.0 Domestic water usage 

3.1 From where do you get water? List all sources 

Dr W Wash Cook Bath Garden Livestock 

Normally 

During times 
when canal 
is dry 

During off 
season 
(August/dry 
season) 

For the main well used by the family: 

3.1.2 How old is the well? 

3.1.3 Who dug the well? 

3.1.4 If improved, when was the well improved 
(i.e. lined with cement)? 

3.1.5 Was assistance for the well received? From whom? 

3.1.6 Who maintains the well (cleans, repairs pumps, 
etc) ? 

3.1.7 How often is the well cleaned? 

3.1.8 When was the well last cleaned? 

3.1.9 Who cleaned it? 

3.1.10 Who organized it? 

3.1.11 How does the water taste? 
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3.2 With whom do you share each source? 
Sketch well and houses whose members use the source 
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3.3. Why are different sources used for different purposes? 

3.4 Does availability (quantity) of water change 
throughout the year? 

3.5 Does quality of water change throughout the year? 

3.6 (If so 3.4/.5) What are the consequences (i.e. 
health) or alternatives? 

3.7 What kinds of health problems does your family 
experience and how often? 
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3.8 Are there times during the year when your family has 
more health problems than usual? What kinds of 
health problems? 

Wet Season Dry Season August (when canals off) 

3.9 Do you think that water quantity or quality has 
anything to do with health? How so? 

3.10 Have you met any extension agents or health 
volunteers? 

3.11 Did they tell you anything about water? What? 

4.0 Specifics 

4.1 How is the water collected? (for each purpose) 

4.2 How is the water transported? (for each purpose) 

4.2.1 How many trips are made to any domestic water 
source per day? 

To wells? 

To canals? 

To river? 

To tank? 
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Who collects the water? (for each purpose) 

How much drinking water is used by the family in a 
day? 

How much water is used for cooking and tea? 

How much water is used for washing pots? 

How much water is used for the garden? 

1 When is the water applied to the garden? 

2 How is the water applied to the garden? 

3 Are any of the items grown in the garden sold? 

During Maha 

During Yala 

4 How much water income is generated? (or how 
much is sold?) 

Maha 

Yala 

How much water is used for the livestock? 

1 Where is the livestock water or wallowed? (do 
they always use the same source; what sources 
used in the dry season) 
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How often is the livestock watered or wallowed? 

9 How much water is used for washing clothes? (If 
clothes are washed in a canal, how much water should 
be flowing, or how deep?) 

10 How much water is used for bathing? (If bathing is 
done is a canal, how much water should be flowing, Do 
you count buckets? How many?) 

11 Do different family members bathe at different 
locations? Why? 

Wife 

Husband 

Children 

Infants 

Elderly people 

12 How much water is used for personal cleaning (after 
defecation)? 

. 12.1 How is the water obtained for this purpose? 

.12.2 What facilities are used for defecation? 

Latrine? Yes / No 

Permanent / Temporary 

Condition 

Location 
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.12.3 Do different family members use different 
facilities (locations)? Why? 

Wife 

Husband 

Children 

Infants 

Elderly people 

13 Do you use water for any other purposes (i.e. 
ceremonial uses, construction)? 

14 If so, what are the sources? 

15 How do other family members get drinking water when 
away from the home - in the field, chena, or job? 

16 Is the water treated in any way? How? 

.16.1 Is the water boiled? Yes / No 

.16.2 When is the water boiled? 

.16.3 How long is the water boiled? 

.16.4 Why is the water boiled? 

.16.5 Is it filtered? How? 

17 Do you have any problems or complaints about the 
domestic water system as it is now? 

18 Suggestions for improvements 
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Storage 

How much water is stored? 

For what purposes is it stored? 

How is it stored? 

Where is it stored? 

For how long is it stored? 

Institutional/Organizational Factors involving 
Domestic Water 

6.1 Who is concerned about domestic water (officials, 
headman, Mahaweli personnel, volunteers, agencies, 
organizations)? 

6.2 What do they do? 

6.3 Have you ever sought their assistance when you have 
had problems with domestic water (i.e. maintenance 
problems access problems)? 

6.4 How responsive are they to your needs? 

6.5 Were you (or anyone in your family) involved in the 
planning or design or construction of any part of the 
domestic water system? 

6.6 Are you satisfied with the system (well, location, 
quality, etc)? 

5.0 

5.1 

5.2 

5.3 

5.4 

5.5. 

6 . 0  
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6.7 Are you aware of any health education programs that 
consider water usage? 

6.8 Would you be willing to pay for an improved domestic 
water supply? How much per mouth? 

Amount willing to 
pay 

Private dug well 

Private improved well 

Private covered well with pump 

Private deep tube well 

Private tap connection 

Private storage tank 

Indoor tap connection 

Latrine 

Flush toilet 

Community well with cement lining 

Community cement well cover and hand pump 

Community deep tube well 

Community tap 

Community improved bathing/washing area on 
canal or river 

Community improved separate bathing/washing 
area with shallow well water 

Community improved separate bathing area 
with pumped water community storage tank 

Other 

NOTES 
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