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ABSTRACT

It is very difficult to determine a procedure for the evaluation

of alternative sources of water supplies, such as groundwater and surface

water, when planning for community water supplies for rural area planning

in northeastern Thailand. Practically no work has been done to determine

the potential water sources of groundwater and surface water, or the most

economically feasible sources to develop.

In the present study, an attempt has been made to show a method

of analysis of groundwater and surface water projects to determine which

projects are the best. The five criteria for groundwater analysis to be

considered are: depth to water table, distance from community, water

quality, well field analysis and project cost. The four criteria for

selection of surface water projects are: potential surface water supply,

potential reservoir site, water quality and project cost. Finally,

domestic water supply for the selection area is analyzed.

vi i i



CHAPTER 1

INTRODUCTION

General Statement

Thailand is located in the extreme southeastern part of Asia,

bounded on the east and north by Laos, on the west by Burma, on the

southwest by Cambodia, and on the south by the Gulf of Thailand and

Malaysia. Thailand has an area of 514,000 square kilometers (200,000

square miles) and had a population of about 35 million in 1972.

Thailand may be divided into five physiographic provinces. This

report covers the northeast province. The northeastern area, known as

the Khorat Plateau, has an area of 170,222 square kilometers (65,705

square miles). The general surface of the northeastern area consists of

gently rolling hills with scattered flat tops which slope gently to the

east. The area consists of two basins, the larger one in the south

(Khorat Basin), and the smaller one in the north (Sakom Nakom Basin).

The northeastern area has more rain and is colder in winter than any of

the other areas of Thailand. The heavy monsoon rains falling on the thin

forest cover result in rapid runoff which causes floods almost yearly in

the low areas. During the summer, the northeastern area is also the

hottest area, which increases the demand for water.

In rural Thailand, domestic water is used for drinking, washing,

cooking, bathing and sanitary facilities. An inadequate water supply

adversely affects: (1) the health of the populace, (2) economic

1
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development of the area, (3) income of the family, (4) social and educa-

tional development, and (5) causes social stability. The effects men-

tioned refer, in particular, to the rural areas. In accordance with the

public health dictum, a public work project should seek to provide the

most good to the most people at the least cost in a minimum of time. The

Thai government has built many water projects in rural areas during the

past 50 years, but most of the area still does not have adequate water

for domestic and livestock demands.

The water problems of the area are intensified by the prevailing

climatic conditions and the large population scattered throughout 20,000

communities. The critical need is particularly evident during the

prolonged dry season, extending over a period of six or more months each

year. Twenty years ago, the domestic supply for most communities

throughout the area during the dry season consisted of shallow wells,

small ponds, small hand-constructed reservoirs, a few springs and

sluggish streams which do not flow during the long dry season. Many of

these sources were unsanitary and unprotected from constant contamination.

Purpose and Scope 

To date, little work has been done to establish criteria for

determining the quantity of available water and the economic feasibility

of developing various alternative sources of water supply for a

community in the northeastern area. In areas where more than one source

of water is available, no determinations have been made as to which

project would be most economically feasible to develop. The present

study is an attempt to determine an objective procedure for the
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evaluation of alternative sources of water supply. Potential water

sources considered are shallow wells, deep wells, and surface water. The

procedure is intended to show which source is most advantageous to

develop.

The main purpose of this study is to contribute to the objective

of the national water project of the Accelerated Rural Development

Office, Ministry of the Interior of Thailand, which is to analyze the

water supply needs, set both long-range and intermediate goals, determine

the available resources and to construct, operate, maintain and expand

all the water supply facilities to be developed.

More specifically, the report presents a procedure for:

(1) determining the feasibility of various alternative sources of water

supply in northeastern Thailand, (2) describing the groundwater resources

of the area, and (3) delineating the areas where groundwater of satis-

factory quality should be available to dig shallow wells, or drill deeper

wells. For determining the feasibility of surface water, it will use the

procedure for determining streamflow as described in the thesis by

Bangsainoi (1973).

The outlined procedure should prove useful for future studies and

for communities in need of additional water, particularly for domestic

use.

Location 

The northeastern region of Thailand lies roughly between 14

degrees and 18 degrees north latitude, and between 101 and 106 degrees

east longitude (Figure 1). The boundaries are as follows:
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1. North: the Laotian border, where part of the boundary lies

along the Mae Khong River.

2. East: the Phanom Rak Mountains and the Mae Khong River.

3. South: the Cambodian border, where the Phanom Rak

mountains are situated.

4. West: central Thailand where the Dong Phayayen and the

Petchabun mountains are located.

Physiography 

The Khorat Plateau consists of two saucer-shaped basins which

slope slightly to the southeast and are dotted with rolling hills and an

occasional flat-topped hill (Figure 2). The basins are separated from

one another by the Phu Phan mountain range, largely flat-topped sandstone

mountains which range in elevation from 500 to 1,000 meters above mean

sea level. The elevation of the entire plateau is higher in the west

than in the east due to the presence of the Dong Phayayen and the

Petchabun mountains, which form the western boundary of the area. The

Dong Phayayen and the Petchabun mountains rise from east to west; their

elevation ranging from 800 to 1,300 meters above sea level. The eastern

rim of the plateau itself has an elevation of from 130 to 200 meters.

From its western rim, the plateau slopes gradually downward in the'direc-

tion of the Mae Khong River, which forms the eastern boundary of the study

area and part of the northern boundary. The elevation of the center of

the plateau is approximately 150 meters. Although the plateau slopes

gradually to the south as well as to the east, the southern rim of the

plateau is comparatively high, approximately 400 meters. This is due to
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two east-west tending mountain ranges, San Kamphaeng and Dong Rak, which

have peaks with elevations up to 700 meters; these mountain ranges form

the southern boundary of the study area.

The main rivers of the study area are the Nam Mun, which drains

the larger southern basin (Khorat Basin), and the Nam Songkhram, which

drains the smaller norther basin (Sakon Nakhon Basin). The headwaters of

the Nam Mun River system are in the southwestern-most range of hills of

the Khorat Basin. The river flows due east along the southern part of

the basin. Its principal tributary, the Chi River, originates in the

Petchabun Mountains and flows in an arc through the center of the basin

to join the Nam Mun east of Ubon Province. The Songkhram River is

located in the northern part of Sakon Nakhon Basin. It joins the Mae Khong

River at the northeast corner of the plateau. Most streams within the

Sakon Nakhon Basin discharge into Nong Han, a depression which contains

the largest fresh water lake in Thailand. The lake is approximately 170

square kilometers in area and discharges into the Mae Khong River by Nam

Kam Stream.

The drainage pattern of the plateau, formed on flat-lying

sediments, is dendritic, with streamflow towards the southeast. There is

a flood almost every year due to the heavy monsoon rains which fall over

the sparsely forested area. Both of the major rivers and their tribu-

taries have created scattered alluvial plains of various sizes. The

largest of these is in Ubon Province, where rice is the principal crop.

Rice production in this province is the highest in tlic northeastern

region.
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Climate 

The climate is similar throughout Thailand and is characterized

by seasonal monsoon winds. From November to February the northeast mon-

soon brings cold, dry air from the China mainland. From May to September,

the southwestern monsoon brings a stream of warm, moist air from the

Indian Ocean, causing abundant rain over most of the country.

The seasons of Thailand may be divided as follows:

1. Winter, or northeastern monsoon season, from November to

February. This is the mildest season of the year.

2. Pre-monsoon season, or dry season. This is the transitional

period from the northeast to southwest monsoon, in March and

April. The hottest period is the month of April.

3. Rain, or southwest monsoon season, extends over the period of

May to September. The southwest wind from the Indian Ocean

is most active in July and abundant rain occurs over nearly

the whole country. The peak of rainfall occurs in September.

4. Post-monsoon season in October. It is the transitional

period from the southwest to the northeast monsoon period.

In the study area, the highest average monthly temperature occurs

between the dry and wet season, which extends for a period of about nine

months. In the month of April, the average temperature of Surin Province

is 30.2 °C (86.4 °F). In Roi-et Province, it is 30.1 °C (86.2 °F). The

other three months of November, December and January have lower average

temperatures. The monthly average of Nakorn Phanom Province in December

is 21.1 °C (70.0 ° F), and at Loei Province in January it is 19.6 ° C

(67.3 °F).
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The highest temperature ever recorded, 43.8 ° C (110.8 ° F),

occurred in Udon Thani Province on April 25, 1958, and the lowest ever

recorded was 0.1 °C (32 ° F) on January 13, 1955.

The daytime temperature of the northeastern region is high

compared to the rest of the country. The normal monthly mean maximum

temperature lies between 28.0 °C (82.4 ° F) and 36 °C (97.5 ° F).

The northeastern region has the Dong Phraya Yen, Phetchabun, San

Kamphaeng and Don Rek Mountains, which reduce the impact of the rain-

bearing clouds coming from the sea (Figure 2). Thus, the region from

Nakorn Rachsrima Province to Buriram Province, from Mahasarakam Province

and Khon Kaen Province down to the Chaiyaphum Province has less rainfall

(with an average of less than 1,270 millimeters, or 50 inches). The rest

of the northeast area averages from 1,270 millimeters (50 inches ) to

2000 millimeters (79 inches).

The cool season, between November and January, is also the driest

period. There is little or no rainfall. During the summer months, from

February to April, the humidity is higher due to the inflowing sea

current. Rainfall will not occur frequently until mid-May when the rainy

season starts.

June is the month when the southwest monsoon normally starts.

The occurrence of rain is not widespread until July when more extreme air

pressure depressions from the South China Sea enter the region. During

the month of August and the month of September, these depressions occur

more frequently with the result of almost continuous rainfall occurring

over a wide area.
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Population

The population of northeastern Thailand in 1972 is shown in

Table 1, according to province and number of persons per square kilometer.

The number of people is useful in the determination of water demand.

In 1960, northeastern Thailand had an estimated population of

8,991,543; in 1972 it was 11,240,927. The average population density in

1972 was 66 persons per square kilometer. The largest cities are Ubon

Rachathani, Nakorn Ratchasrima and Udon Thani. According to the past

statistics, the average growth rate of the population for each year is

between 3 and 4 percent.

Maps

The base maps used for this report were prepared by the Ground-

water Division, Department of Mineral Resources of Thailand. They have a

scale of 1:750,000, 1:2,500,000 and 1:9,000,000.

Two additional topographic maps issued in Thai language by the

Royal Survey Department, with scales of 1:50,000 and 1:250,000, were also

used.

Geology 

Almost all of the geological mapping of the northeast region to

date has been limited to reconnaissance surveys. Most of the maps and

descriptions which are available are quite general and are found in

published and unpublished reports of the Department of Mineral Resources,

Thailand. The reports referred to here are as follows:



Table 1. Population in 1972, Area in Square Kilometers
and Population Density for the 15 Provinces in
Northeast Thailand.

Province Population

Area

in km 2
Population

per km2

Kalasin 558,866 7,650 73

Khon Kaen 1,015,044 13,404 76

Chaiyaphum 645,933 10,788 60

Nakhon Phanom 549,131 9,749 56

Nakhon Ratchasima 1,333,709 19,590 68

Nong Khai 368,622 7,223 51

Buriram 715,956 10,771 67

Mahasarakham 595,186 5,764 103

Roi-et 805,492 7,856 103

Loei 291,252 10,936 27

Si Saket 768,733 8,813 87

Sakon Nakhon 543,936 9,539 57

Surin 707,883 8,784 81

Ubon Ratchathani 927,617 22,758 41

Ubon Thani 1,413,568 16,605 85

TOTAL 11,240,928 170,226 66

11
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1. Two unpublished reconnaissance reports by Charaljavanaphet

et al. (1950), and Charaljavanaphet and Methinkul (1952),

which discuss the geology of the Saraburi, Lopburi, Petchabun

and Loei areas.

2. A report on field work carried out for stratigraphical and

paleontological study by Kobayashi (1960). This report

describes the geologic history of Thailand and adjacent

territories.

3. A report by Ward and Bunnag (1964) which describes the

stratigraphy of the Mesozoic Khorat Group.

In northeastern Thailand, land forms are the product of geomorphic

processes acting upon different rocks in a tropical savannah climate.

Due to the thick jungle undergrowth, there is little mechanical erosion.

Resistant hills are formed by sandstone of high silica content and

granitic rock. Limestone, where present, forms odd-shaped cliffs caused

by solution and undercutting. Easily weathered and eroded silts of the

basin have little resistance and form nearly flat plains. Chemical and

mechanical action of plant roots tends to weather rock types uniformly

and the vegetal cover retards erosion to help maintain the smooth

surface.

Coarse-grained sediments carried from higher areas are found in

the basin, gradating from coarse detritus near source to fine detritus

further downstream. Gravel deposits of limited extent in the Khorat

Plateau originated in this manner. The present stability of the plateau

retards active erosion and sediment transport although downcutting of the

Mae Khong River may speed up this process in the geologic unit.
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The lakes of the Sakon Nakhon Basin occupy structure depressions

and collect sand, silt and clay being eroded from the adjacent Phu Phan

Range. High evaporation and limited drainage are the factors which cause

the high salinity of the shallow sediments near the lakes.

Climatic conditions and parent material have been conducive to

formation of lateritic soil. These lateritics cover a large area of the

plateau surface and extend to depths of 5 to 30 feet or more.

The lower part of the Khorat Group, consisting of siltstone,

sandstone, conglomerate and some shale, is alluvial formations deposited

by streams over the eroded surface of Paleozoic rocks during the early

Mesozoic. The accumulation of over 3,000 feet of sediments caused

compaction by weight, resulting in formations which are very resistant to

mechanical drilling. This, together with calcite cementation, has

decreased the transmissivity of these rocks, thus decreasing their value

as aquifers. The Khorat bed, known as the Rat Buni Series, consists

mainly of sandstone, siltstone, shale and conglomerates. Gradual folding

across the north-central section of the plateau has lifted the beds up

into the Phu Phan Mountains, with both anticlinal and synclinal folds.

On the west and south ends of the plateau, the beds have been faulted to

form the high Dong Rek Scarp, which slopes gradually to the east-central

section of the basin. The upper Khorat Group and sedimentation in the

sea formed flat-lying beds of evaporites, soft siltstone and shale. In

areas far from sea water exchange, including the southern Khorat Basin

and the northern Sakhon Nakhon Basin, thick beds of gypsum, anhydrite and

rock salt were formed by evaporation. The upper and lower Khorat groups
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have similar lithology in that they were both caused by silt and sand

eroded from the uplifted Khorat Group. The origin of the sediments in

the basins is of restricted marine type. Marine evaporite deposition,

nearly horizontal, non-deformed bedding, and the unconsolidated nature of

the basin sediments that is seen in drill logs reveal a different

environment and younger age for the basin filling sediment.

Minor structural adjustments of the Khorat Plateau during the

Quarternary period caused stream incision, valley filling and lake

formation. Later, during the Pleistocene and Recent periods, thin

alluvium terraces 35 to 60 feet thick were formed. These sand and gravel

terraces have high permeability and porosity, which contribute to

favorable storage and transmission of groundwater.

There are six formations (Ward and Bunnag, 1964) included in the

Khorat Group which covers most of the region. All of these formations

date from the Triassic, Jurassic or younger periods.

Phu Kadung Formation

The Phu Kadung Formation is the lower-most member of the Khorat

Group and is found principally in the western part of the plateau, and to

a lesser degree in the eastern part. It unconformably overlies the

Paleozoic Limestone. It consists of slabby to massive, grayish-brown to

grayish-red sandstone, overlain by a thick section of dark brown shale,

some siltstone, more sandstone, and thin grayish-green to grayish-red

calcareous conglomerates referred to as nodular limestone. The Phu

Kadung has a measured thickness of 2,466 meters (Ward and Bunnag, 1964).
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The water-bearing characteristics of the Phu Kadung are slightly

better than for other members of the Khorat Group; some wells yield up to

100 gallons per minute (gpm). Some areas contain water of poor quality,

but usually the water is of good quality. Although some wells do flow,

most are non-flowing artesian.

Phra Wihan Formation

The Phra Wihan consists of fine-grained sandstone, interbedded

with dark brown micaceous shales, and grayish-red siltstone. The

sandstone is of grayish-red to olive-gray to white color and is massively

to moderately bedded. Iron stains are found on eroded surfaces and

lignite is found in several places in small amounts. The Phra Wihan has

a measured thickness of 463 to 856 meters (Ward and Bunnag, 1964) and has

been dated from fossil remains as Jurassic or Liassic (Kobayashi, 1960).

The fossil remains also indicate a marine origin. The Phra Wihan is best

exposed along the western and southern escarpments.

Water yields from the Phra Wihan are from 2 to 80 gpm. Water is

generally of good quality. Although several wells do flow, most are non-

flowing artesian.

Phu Phan Formation

The Phu Phan Formation is composed of marine deposits and is

found exposed principally in the Phu Phan Mountain range. It is

primarily cross-bedded and thick-bedded sandstone of yellowish-gray to

pinkish-gray color. It contains quartz, chert and siltstone pebbles, as

well as shale and siltstone in thin layers. The Phu Phan has a measured

thickness of 82 to 183 meters (Ward and Bunnag, 1964).
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Water yields from the Phu Phan are from 2 to 80 gpm. The water

is generally of good quality, but occasionally there is a high iron

content. Most wells are non-flowing artesian, although some wells do

flow.

Khok Kruat Formation

The Khok Kruat Formation consists of grayish-red to reddish-

brown, very fine- to fine-grained sandstone. There is some iron

cementing, and the sandstone is interbedded with soft to medium-hard

shale and siltstone. Gypsum occurs as thin beds and scattered crystals

in this formation. The thickness is estimated from core holes to be

about 700 meters. The Khok Kruat is very evident in the extreme southern

portion of the plateau, although it is also found to a lesser extent in

the central and northern portions.

Average well yields from the Khok Kruat are about 20 gpm. The

water quality varies; the water has high iron and sulfate content in

about 50% of the wells. Most wells are non-flowing artesian.

Salt Formation

The Salt Formation is very widespread in the northern and central

areas of the plateau. These rocks are less resistant than the Khok Kruat

and consist of pale red to reddish-brown sandstone, sandy shale and

siltstone. Beds of gypsum and anhydrite, 1.5 to 15 meters in thickness,

are numerous. Beds of rock salt up to 213 meters in thickness are found,

and salt is also found disseminated throughout much of the formation as

thin lenses. Because outcrops of the Salt Formation are few and scattered,
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mapping is controlled by logs of water wells. The maximum thickness is

not known, but is estimated from well log data to be about 600 meters.

About 30 percent of the Salt Formation region actually has salt

beds at some depth in the formation (Gardner, Haworth and Chiangmai,

1967). The beds are discontinuous and occupy the stratigraphically

higher parts of the formation. Water quality in the region is quite

variable. For existing wells, 30 percent have salinity levels

exceeding the upper limit for domestic purposes. The salinity level for

a specific well is determined by the location of the well in relation to

any salt beds and aquicludes present. At some locations, it is possible

to obtain low salinity water from below a salt bed if an aquiclude

prevents salt water from getting to the well.

Well yields from the Salt Formation average 20 to 30 gpm, but

many wells yield more than 100 gpm. The water is generally of good

quality except for that derived from low-lying areas where the water is

saturated with salt. Most wells are non-flow artesian.

In addition to the geologic fo 	 mations already mentioned, recent

alluvium and terrace deposits are significant features of the Khorat

Plateau. Alluvium and terrace deposits, consisting of light brown, sandy,

litmonitic clay; grayish-orange, fine to coarse sand; gravel and pebbles

of quartz, siltstone, sandstone and chert are found adjacent to the

principal streams and rivers in the area. The thickness of these deposits

varies, although most are less than 15 meters. Deposits which extend in

depth to 30 meters have been found along the Mae Khong River, however, and

thicker deposits, up to 100 meters, have been found in the Nam Mun River

valley.
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Wells in alluvium and terrace deposits yield water up to 300 to

500 gpm, although the average yield is 100 gpm. Water quality varies

from place to place due to leaching and contamination from inferior water

from the underlying salt formation. Generally, however, the water quality

is good.

Groundwater Conditions in Thailand 

The major source of groundwater recharge in Thailand is from

rainfall which percolates into aquifers. Other minor sources of recharge

are from rivers, lakes and canals. Because of the heavy rainfall during

parts of each year, the annual recharge is great.

The aquifers of northeastern Thailand can be classified into two

major types: unconsolidated rock and consolidated rock (Phiangcharoen,

1970).

Unconsolidated Rock

These aquifers include gravel, sand and clay deposits. They may

be subdivided according to the type of parent material, such as flood

plain deposits, terrace and upland deposits, valley fill deposits and

coastal plain deposits.

Consolidated Rock

The consolidated rock aquifers consist of numerous types which

cover 80 percent of the entire area of Thailand. The rock aquifers may

be classified into several types, such as sandstone and shale, limestone,

igneous rock and metamorphic rock. These aquifers are very useful for

limited water supplies in some places. There is greater uncertainty in
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obtaining a productive well in consolidated rock areas. If the rock has

many cracks or solution channels, it may contain a large supply of

groundwater.

In some areas, productive wells can be found in any location. In

other areas, productive wells occur only where the wells intersect

fracture zones or solution channels.



CHAPTER 2

PROCEDURE FOR DETERMINING WATER DEMAND AND SUPPLY

The following procedural steps were subjectively developed as

being the most feasible to meet the objectives of the Accelerated Rural

Development Office:

1. Estimate the water demand for the community, based on human

and domestic livestock populations.

2. Analyze existing information on possible water sources to

meet the water demand. Possible supplies may be groundwater

or surface water.

3. If groundwater is present, analyze this possible supply to

ascertain if the demand can be met from the source.

4. Analyze the region for possible surface water supplies which

will meet the demand. This may entail consideration of

storage facilities to provide water during the dry period.

S. Perform an economic analysis for each possible source to

determine the most economically feasible source to develop.

The following sections describe the procedure in detail.

Estimation of Water Demand 

In the analysis of water demand of a community, a survey should

be made of the number of people and domestic animals that will be using

the water. From previous leports by McQuary (1966), the following per

20
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capita consumption (except poultry, which is per 100 head) of water may

be used for computing the quantity needed:

Human	 100 liters/day

Horses	 30 liters/day

Cattle	 40 liters/day

Hogs	 20 liters/day

Poultry	 15 liters/100 head/day

A better estimate may be obtained for a given community by

consulting the local Department of Agriculture representative, since the

quantity varies from community to community and with time. However, the

above average values may be used when no better estimates are available.

These values have been used to form Table 2, which gives the estimated

water demands for different-sized communities and groups of animals. In

northeast Thailand, it is estimated that the dry season is from 180 to

210 days long. Thus, 210 days are used in calculating the quantity of

storage needed for surface water. The estimates do not include evapora-

tion losses from storage.

Groundwater Analysis 

There are five criteria to be considered in analyzing the

feasibility of a groundwater supply to meet the demand of a given

community: depth to groundwater, distance from community, water quality,

aquifer characteristics and project costs.

Depth to Water Table

The depth of the water table below the soil surface is an impor-

tant first indication of a possible groundwater source. The deeper the



Table 2. Water Demand.

No.	 of
People ltr/day

Quantity of Water

gal/210 daysgal/day ltr/210 days

1 100 26 21,000 5,460

100 10,000 2,600 2,100.000 546,000

200 20,000 5,200 4,200,000 1,092,000

300 30,000 7,800 6,300,000 1,638,000

400 40,000 10,400 8,400,000 2,184,000

500 50,000 13,000 10,500,000 2,730,000

600 60,000 15,600 12,600,000 3,276,000

700 70,000 18,200 14,700,000 3,822,000

800 80,000 20,800 16,800,000 4,368,000

900 90,000 23,400 18,900,000 4,914,000

1,000 100,000 26,000 21,000,000 5,460,000

1,500 150,000 39,000 31,500,000 8,190,000

2,000 200,000 52,000 42,000,000 10,920,000

2,500 250,000 65,000 52,500,000 13,650,000

3,000 300,000 78,000 63,000,000 16,380,000

3,500 350,000 91,000 73,500,000 19,110,000

4,000 400,000 104,000 84,000,000 21,840,000

4,500 450,000 117,000 94,500,000 24,570,000

5,000 500,000 130,000 105,000,000 27,300,000

22
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Table 2 -- continued.

No. of
Animals

Quantity of Water

CattleHorses

ltr/cap/day ltr/cap/210 days ltr/cap/day ltr/cap/210 days

1 30 6,300 40 8,400

5 150 31,500 200 42,000

10 300 63,000 400 84,000

20 600 126,000 800 168,000

30 900 189,000 1,200 252,000

40 1,200 252,000 1,600 336,000

SO 1,500 315,000 2,000 420,000

100 3,000 630,000 4,000 840,000

200 6,000 1,260,000 8,000 1,680,000

300 9,000 1,890,000 12,000 2,520,000

400 12,000 2,520,000 16,000 3,360,000

500 15,000 3,150,000 20,000 4,200,000

1,000 30,000 6,300,000 40,000 8,400,000

2,000 60,000 12,600,000 80,000 16,800,000

3,000 90,000 18,900,000 120,000 25,200,000
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Table 2 -- continued.

No. of
Animals ltr/cap/day

Quantity of Water

PoultryHogs

ltr/cap/210 days ltr/cap/day ltr/cap/210 days

1 20 4,200 0.15 31.50

5 100 21,000 0.75 157.50

10 200 42,000 1.50 315.00

20 400 84,000 3.00 630.00

30 600 126,000 4.50 945.00

40 800 168,000 6.00 1,260.00

50 1,000 210,000 7.50 1,575.00

100 2,000 421,000 15.00 3,150.00

200 4,000 840,000 30.00 6,300.00

300 6,000 1,260,000 45.00 9,450.00

400 8,000 1,680,000 60.00 12,600.00

SOO 10,000 2,100,000 75.00 15,750.00

1,000 20,000 4,200,000 150.00 31,500.00

2,000 40,000 8,400,000 300.00 63,000.00

3,000 60,000 12,600,000 450.00 94,500.00
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water table, the greater will be the pumping costs. A shallow well,

where the water table is less than 40 feet, is much cheaper (at least

75%) to install and operate than a deep well where the water table is

greater than 40 feet. In addition to depth to water table, aquifer

properties must be estimated to evaluate the aquifer for satisfying a

specific demand.

Distance from Community

As the distance between the community and potential well locations

increases, the greater will be the conveyance costs and time required to

transport the water. However, it may be advantageous to locate the well

at some distance from the community for sanitary reasons.

Water Quality

The groundwater must meet certain established quality standards

before it is accepted for domestic uses. In general, the standards

established by the U. S. Public Health Service may be used as guidelines.

These standards are based on physical, chemical and biological

characteristics.

The U. S. Public Health Service's upper limits (1962) for physical

characteristics are as follows:

Characteristic 	Upser Limit 

Turbidity	 10 ppm (silica scale)

Color	 20 (std cobalt scale)

Taste	 Not objectionable

Odor	 Not objectionable

However, these standards must be considered in relation to local conditions.
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For chemical characteristics, the U. S. Public Health Service

(1962) sets the following upper limits:

Constituent	Upper Limit (ploal

Lead (Pb)	 0.1

Fluoride (F)	 1.5

Arsenic (As)	 0.05

Selenium (Se)	 0.05

Hexavalent chromium	 0.05

Copper (Cu)	 3.0

Iron (Fe) and Manganese (Mn), together	 0.3

Magnesium (Mg)	 125

Zinc (Zn)	 15

Chloride (Cl)	 250

Sulfate (SO 4)	 250

Phenol	 0.001

Total solids, desirable	 500

Total solids, permitted 	 1000

Again, reasonable judgments in applying these standards must be used,

depending on local conditions.

The quality of water for livestock is more or less related to

that for humans, but usually may be poorer in quality than that for

humans. According to Hem (1957), the upper limit of total dissolved

solids for cattle is 10,000 ppm; horses, 6,435 ppm; pigs, 4,290 ppm; and

for poultry, 880 ppm.

Sanitary conditions are the main problem facing the domestic

water supply in the rural areas. The following are recommendations for
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sanitary protection based on biological or bacteriological aspects

(Hart, 1963).

A dug well with a bucket lift cannot reliably furnish pure water.

A pitcher pump within a sealed well, topped by a sanitary cover and drain-

preventing base are the essential elements for obtaining pure water from

wells. The well drilling, sealing, and suggested pump should be designed

by a professional. A drain-preventing base must absolutely prevent water

from backdraining under all conditions. During the wet season, water may

cover large areas. A well must be located on high ground so that this

ponded water cannot seep in under the base. A good design of the well

for different locations in northeast Thailand, known as a "standard "well,"

is usually an activity of the Accelerated Rural Development Office of

Thailand. Some details to consider in sealing and in base design are

shown in Figure 3.

To purify a contaminated open well, the following procedure would

be functional. As mentioned above, the well should be properly sealed

and a good drain-preventing base installed. For best possible results,

the well should be pumped dry. Once this is accomplished and fresh water

has filtered into the well, then a chlorine compound should be mixed into

the water. The mixture of chlorine to water should be 20 to 30 parts per

million (ppm)-- this is equivalent to one gallon of household bleach per

100 gallons of water. Allow the well with the chlorine compound to set

at least overnight. Then do a bacteriological test on it. If the test

is negative, the quality of the water is fit for human consumption. After

a week, another bacteriological test should be given to the well. If it



Reinforcing for the slab base. Depending
on size (3-ft diameter to 6-ft diameter),
6 to 12 bars of 1/4" to 1/2" (3/4 to
1 1/2 cm) diameter should be used.
Necessary for strength and to
prevent temperature cracking.

Note: slope ground
away from base in all
directions. Make sure
the elevation of the
ground at the pump
base is above any
possible water
ponding level,
even in the
monsoon	 "szni
period.

There must be a
water-tight seal
between base and
casing, and along
top 6 to 8 meters
(20 to 25 feet)
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Figure 3. Details to Consider in Sealing and in Base Design of Well.

Source: Hart, 1965.
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proves to be satisfactory, there is no need for additional chlorine to be

added -- the well is safe for drinking purposes.

A second method to provide safe water is to boil it; however,

this is a rather impractical method. Five to ten minutes of continuous

boiling is necessary. To supply an entire community with purified water

by this method would indeed be a major chore.

The third method to purify water involves three various opera-

tions:

1. Preliminary clarification by alum flocculation.

2. Secondary clarification by filtration.

3. Disinfection by chlorination.

For a domestic water supply, only one clarification operation

need be practiced. The choice should be made relative to the availability

of material to be used, whether it be alum or sand.

Alum flocculation processing requires 5 to 10 parts per million

of crude alum to a container of water. The solution is then stirred and

allowed to flocculate. Once settled, this usually removes most of the

turbidity and up to 90% of the microorganisms from the impure water. The

amount of alum needed. is very small, two or three crystals for a 5-gallon

can or one-half teaspoon for a 50-gallon barrel. The clear water should

be drawn off the top and disinfected. Then the bottom sludge can be

dumped.

Sand filtration is an alternative method for removing suspended

material in water. Water is passed through about 3 feet of fine sand at

the rate of 2-3 gallons per square foot per hour. The rate of flow must
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be controlled to obtain good infiltration -- too fast a flow will not

provide good cleaning. The flow rate is controlled by keeping the sand

flooded with up to 5 feet of water. The elevation of the discharged

water then controls the flow-through rate of the filter. It is very

possible and practical to make a family sand filter unit from a 55-

gallon barrel. This can produce 20-40 gallons of filtered water per day.

The design of a community filtration tank is show in Figure 4.

Chlorination is necessary and is the final step to the purifica-

tion of polluted water. The water may taste of chlorine when the dosage

is high, but it is not harmful (humans can safely drink 50 ppm chlorinated

water even though it may taste badly). The amoebic dysentery cysts are

killed only when there is at least 5 ppm of chlorine available. Thus, if

there is considerably turbidity, additional chlorine must be added to

oxidize the organic matter. This oxidation process kills the cysts and

other organic organisms. After the killing is accomplished, it is

acceptable to let the excess chlorine evaporate from the purified water.

This occurs by adding dechlorination compounds or by allowing the water

to stand in sunlight. Care must be taken so the water does not become

polluted.

All sanitary protection methods mentioned are common practice in

Thailand. These are suitable methods for rural areas. Usually, pumping

water through a sanitary treatment tank is the best way for a large

community, but the rural communities in northeast Thailand are small and

far from the city. So the author would like to suggest the more common

practice methods rather than a modern sanitary treatment, which is very



Water elevation
Start filtering by
keeping the water only
8 to 9 inches above
the top of the sand.
As the "schmutzehecke"
builds up and causes
more friction,
increase the height
of water

BARREL FILTER

Half-full with
'E fine sand

Filtered
water
awaiting
disinfection

Graded sand, gravel to
small rocks
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7-Elevation of
discharge water
maintained by
the telescoping
tube. The
elevation will
be about 6 inches
lower than in the
filter at the
beginning, and
perhaps 3 feet
lower before
recleaning the
sand surface.

Constant elevation
of water above sand
(3 to 5 ft deep)

Note: Filter might be in a
paddy.

Figure 4. Design of Community Filtration Tank.

Source: Hart, 1965.
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complicated and causes problems when some functions of the treatment

plant break down.

Potential Groundwater Yield 

In analyzing the region for possible groundwater supplies which

will meet the demand, consideration will be given to groundwater

availability and groundwater projects to provide water during the dry

period in a certain area.

In Thailand, it is generally true that data available for deter-

mining the potential water yield are as follows: well yield, drawdown,

well depth, type of aquifer, well logs, water quality, water level and a

few pumping test data. According to all data for the region, there are

three common methods to determine potential water yield. Each of the

methods can be used separately or together. If there is sufficient data,

more than one method may be used, so the results can be compared as a

check. The three methods are: (1) specific capacity, (2) lithological

analysis, and (3) pumping test analysis.

Specific Capacity Method

Usually the specific capacity is defined as the discharge

expressed as the rate of yield per unit of drawdown (Wenzel, 1942), or

c ,s	 X
[1]

where C' = specific capacity per foot of penetration

Q = discharge in gallons per minute from water demand

D = drawdown in feet from maximum allowable

X = depth of penetration below the depth to water in feet.
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In this method, the relationship of specific capacity, drawdown,

discharge, and depth of penetration below the depth to water is used.

The depth of drawdown is given by using the maximum allowable depth of

drawdown as determined arbitrarily. The value of discharge is obtained

from the water demand. The value of the specific capacity per foot of

penetration is calculated by taking the value of specific capacity in gpm

per foot of drawdown, which is the value of discharge divided by the depth

of drawdown, and then divided by the depth of the well below the depth to

water. The distribution of specific capacity per foot of penetration may

be shown for a particular region on a map. Then the required value of

the depth of penetration below the depth to water may be calculated by

dividing the discharge by the drawdown and by the specific capacity per

foot of penetration. The required depth of the well is the sum of the

depth to water and the required depth of penetration below the depth to

water. For a safe result, the calculation should use the well data which

indicate the minimum value of discharge at the area. If the area has no

well, it can use the data from wells nearby.

Lithological Analysis

The lithological analysis method was developed by the Hydrologic

Laboratory of the U. S. Geological Survey (Johnson, 1963) to determine

the coefficient of transmissivity and the coefficient of storage.

Transmissivity is estimated from the logs of test holes and laboratory

data.
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Transmissivity of an area is calculated by the following

procedures:

1. Separate each lithologie unit by particle size, median

particle diameter and effective particle size.

2. Permeability values are assigned to each of the lithologie

groups, depending on the lithologie descriptions.

3 Transmissivity is calculated by using the thickness of each

lithologie group in each well in the area and then multiplying

it by the assigned permeability value for the group to obtain

the coefficient of transmissivity.

4. Repeat the same calculation for many wells in the area and

determine the average transmissivity for the area.

The coefficient of storage (S) for an area is estimated by

examination of the well logs for the area and determining if the area

contains a confined aquifer, which is one in which groundwater is confined

under pressure by overlying and underlying aquitards or aquicludes, and

in which water levels in wells rise above the top of the aquifers, or an

unconfined aquifer, which is one in which the groundwater possesses a

free surface open to the atmosphere. The value of the coefficient of

storage, S, is in the following range:

S = 0.01 to 0.1 for unconfined aquifers

S = 0.0001 to 0.000001 for confined aquifers.

After estimating the coefficient of transmissivity and the

coefficient of storage as mentioned earlier, construct the semi-

logarithmic plot of drawdown in feet versus log time in days of the

pumping well by Jacob's straight line using the following formula:
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264 Q 
As= [2]

where As = drawdown difference per log cycle in feet

Q = discharge in gpm from the water demand

T = coefficient of transmissivity in gpd/ft from lithological

analysis method.

The straight-line plot of drawdown versus log time may be extra-

polated from their intersection with the zero-drawdown axis. At the

zero drawdown, intercept s = 0 from the equation:

Sr2

t - 	
0	 0.3T [3]

where t
0
 = intersection of time-drawdown semi-log straight line with zero

drawdown axis in days

T = coefficient of transmissivity in gpd/ft from lithological

analysis method

S = coefficient of storage, fraction from well log

r
w 

= effective radius of well, in feet.

From the graph, determine drawdown at 210 days (this is the

length of the dry period and it is assumed that recharge will renew

initial water level). If the drawdown from the time at 210 days is not

deeper than the maximum allowable depth of drawdown of the area, then one

well will be sufficient for the demand. If the drawdown is deeper than

the maximum allowable depth of drawdown at 210 days, then 2 or more wells

will be needed to meet the demand. Divide the discharge (D) by the appro-

priate number of wells and repeat the calculation using Equation [2].
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Pumping Test Analysis Method

There are two common pumping test formulas used for determining

the coefficient of transmissivity and the coefficient of storage in

Thailand. The formulas are Theis' (1935) non-equilibrium formula and

Jacob's (1950) straight-line formula.

Theis' non-equilibrium formula, which introduces a time factor

and coefficient of storage and requires a constant pumping rate (Q), is

cc

e
-u

114.6 Q T -   du

1.87 r
2
s 

Tt

[4]

where u = 1.87 r
2 s/Tt

T = transmissivity in gallons per day per foot of drawdown

S = coefficient of storage

Q = discharge of pumped well in gallons per minute

s = drawdown in feet at any point of observation in the vicinity of

a well discharging at a constant rate

r = distance in feet from the discharge well to the point of

observation

t = time since pumping started in days.

The integral in the above equation may be written symbolically as

W(u), which is read as "well function of u." Equation [4] then becomes:

114.6 QW(u) 
T -

The values of u from 10.15 to 9.9 were tabulated by Wenzel (1942).

Jacob's straight-line formula is

T = 
264 Q
As

[5]

[6]



0.3 Tt
0S = 2

r
w

where Q = discharge in gpm

T = coefficient of transmissivity in gpd/ft

S = coefficient of storage

s = drawdown difference per log cycle in feet

t
0
 = intersection of time-drawdown semi-log straight line with zero

drawdown axis in days

r
w 

= effective radius of well in feet.

After determining T and S from the two common methods previously

mentioned, one can plot a new drawdown difference per log cycle and a new

t
0
 or the same t

0
 on Jacob's straight-line method by using these values

of T and S. But for the value of the discharge, the discharge which can

meet the demand will be used. Again, look at a new semi-logarithmic plot

of drawdown data versus time. If the time indicated at 210 days and the

drawdown is not more than the maximum allowable depth of drawdown, one

deep well appears to be a feasible source of water for the study area.

If the depth of the drawdown is deeper than the maximum allowable depth

of drawdown as given, perhaps 2 or more will be sufficient to meet the

demand. The number of wells needed can be calculated by using the method

illustrated earlier.

Cost of Construction 

In estimating the cost of construction of a well, it is very

difficult to obtain an exact price per unit item because the 
cost, of

construction varies; the range of cost is between 200 Baht and 300 Baht

37
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per foot. In this report, the author will show how to estimate cost in

a step-by-step fashion. The unit prices used in the report were obtained

from available information in many offices in Thailand. Unit prices can

be adjusted when the actual prices are known.

Steps to follow in estimating prices for shallow wells and deep

projects are (Israelsen and Hansen, 1962, pp. 52-74):

For shallow well projects [Thai Baht used: 1 dollar ($) = 21
Baht (B)]

1. Determine the planned depth of the well.

2. Calculate capital cost (cost of well at 1300 per foot
which includes interest during construction and cost of

hand pump).

3. Calculate annual cost:

a. average annual operation (0) and maintenance (M) cost.

b. capital cost amoritzed at 6 percent interest
(assumed life of project is 30 years, which gives a

factor of 0.07265).
c. total average annual cost by adding (a) and (b).

For deep well projects:

1. Indication of diameter and the well depth, type of motor.

2. Determine the horsepower of the motor by using

Qh 
WHP - 3960

and assuming the efficiency of the pump to be 70%

WHP
BHP = 0.70

where WHP = water horsepower
BHP = brake horsepower
Q = discharge in gpm
h = vertical lift in feet.

3. Calculate the capital cost of plant:
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a. cost of well at 000 per foot which includes interest
during construction.

b. cost of pump and motor.
c. cost of shelter.
d. cost of storage tank.

4. Calculate annual costs:

a. amortization on well cost at 6 percent interest
(assumed life of project is 30 years, which gives a
factor of 0.07265).

b. amortization on pump and motor cost at 6 percent
(assumed life of pump and motor is 5 years, which
gives a factor of 0.23740).

c. amortization on shelter at 4 percent (assumed life
of shelter is 10 years, which gives a factor of
0.12329).

d. amortization on storage tank at 6 percent (assumed
life of storage tank is 10 years, which gives a
factor of 0.13587).

e. annual 0 and M cost based on fuel, lubrication,
repairs and attendant.

f. total annual costs by adding a, b, c, d and e.

5. Calculate annual cost benefits.

6. Calculate annual net benefits and benefit-cost ratio.

Steps (5) and (6) will be neglected in this study because it is

very difficult to estimate the benefits for water for domestic and

livestock uses; especially since all of the projects will be constructed

under the budget of the government and most of the projects are located

in rural areas. SoMetimes the cost of construction is very high compared

to the number of people, but the people really need the water. Therefore,

there are many factors which cannot be expressed in monetary terms.

Criteria for Selection of Surface Water Project 

There are four criteria to be considered in evaluating the

feasibility of a surface water project: potential surface 
water supply,

potential reservoir site, water quality and cost of construction.
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Because most communities are located near intermittent streams, water

storage facilities are likely to be necessary to provide water during the

dry season.

Potential Surface Water Supply

A procedure has been developed by Bangsainoi (1973) for estimating

"safe" water yield for an ungaged watershed in northeast Thailand.

Bangsainoi's procedure requires values for the average annual rainfall

for the basin and the basin area and slope. The values can be approxi-

mated for any basin. The procedure predicts the annual runoff from a

given watershed which will be equalled or exceeded in 90% of the years.

Because of the limited rainfall-runoff data for the region, there is a

sizable uncertainty in the validity of the prediction, but it is consi-

dered the best procedure for use at the present time. The runoff pre-

dicted by Bangsainoi's method is considered to be available for storage.

However, evaporation losses during the storage period must also be

considered.

The predicted runoff provides an estimate of the amount 
of

surface water which could be developed with some degree of certainty. 
If

the amount appears adequate to meet the water demand for the 
community

under consideration, then the area must be examined for a 
potential

reservoir site.

Potential Reservoir Site

The required reservoir capacity is the 
sum of the predicted water

demands for the dry season and the 
predicted evaporation and deep seepage

losses during the period of 
storage. Primary consideration should be
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given to: suitability of a dam site, distance of site from the village,

water quality, and cost of construction.

Preferably, the site should be at a higher elevation than the

village to maintain better water quality control and to convey the water

to the village by gravity flow. However, other factors may be important

in deciding on the most feasible site.

Consideration should be given to natural reservoir sites, as

opposed to man-made excavations, since the cost of development would be

less. The reservoir site must be sufficient to store the quantity of

water necessary to meet the expected water demand plus evaporation and

deep seepage losses during the period of storage. The soils and

geological features at possible reservoir sites should be examined in

order ta estimate seepage losses. No data were found for the region

which would allow the prediction of deep seepage losses. Potential

evaporation losses can be estimated from data available in Thailand.

Provision must be made for water quality control, such as fencing

and a well -- a standard well from the Accelerated Rural Development

Office, Thailand -- near the reservoir from which water for domestic

purposes can be drawn after it has passed through soil material for

purification, as recommended in the section on water quality (see

Figures 3 and 4). The use of a well for drinking water near a reservoir

is a common practice in Thailand.

The general outline given below provides a guide for the

engineer responsible for selecting a reservoir site (Low Dams, A Manual 

of Design for Small Water Storage Projects; 1938). The outline contains

items which may not be applicable to all projects. The generally
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required data and maps are the following:

1. Location and vicinity map. It may be necessary to show the

location of the proposed work and features outside the

boundary of the reservoir and dam areas such as:

a. proposed relocation of highways, railroads and other

public utilities.

b. stream gaging station ,

c. earth dam material and concrete aggregate source.

d. railroad shipping point.

e. proposed construction camp.

f. existing public utilities.

g. existing works affected by proposed development.

2. Topographic map of reservoir basin (see section on reservoir

data required).

3. Land ownership and status map.

4. Climate-seasonal conditions affecting construction and

reservoir operations.

5. Hydrologic data:

a. cross-section of stream, with water surface elevation at

dam site 500 to 1,000 feet upstream and downstream from

axis of dam with stream discharge at time of measurement.

b. all high water marks, with dates and sources of informa-

tion, such extreme flood level recorded, ordinary flood

level and minimum water surface.
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c. status of water rights affected by proposed projects.

This varies with the project and is usually considered by

the sponsor who should outline under this heading

additional items requiring field investigation.

The following reservoir site data are needed:

1. Topographic map of reservoir area (scale depends upon area,•

usually not less than 1 inch = 1,000 feet.

2. Probable life of reservoir, i.e., loss of capacity due to

silting.

3. Land classification surveys:

a. show cultural classification and status by color on

topographic map.

b. show ownership boundaries and owner.

c. tabulation of areas and estimated cost for purchase and

easement.

d. tabulation of areas to be cleared, with estimated cost.

e. cost of removing or salvaging buildings, fences, and

farm improvements.

f. economic or physical limitation to maximum reservoir

flowline.

g. use of marginal lands (public, private or recreational).

h. will easements for submergence during maximum and

infrequent floods be satisfactory?

i. cost of relocating villagers.
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4. Road and public utility surveys:

a. relocation and reconstruction of railroads and highways.

b. relocation and construction of public utilities.

c. make joint reconnaissance with municipality or owner and

submit preliminary report with approximate costs of

relocation.

5. Geology of reservoir:

a. report by qualified geologist essential.

b. discussion of geologic formation, particularly such as

cavernous limestone, exposed lava, exposed gravel and

glacial deposits of a permeable nature that might

contribute to serious reservoir leakage.

c. groundwater table observation.

d. deleterious mineral and salt deposits.

e. photographs showing basin and character of land.

f. geologic cross-sections, where necessary.

Water Quality

The same water quality standards apply to surface water as were

discussed with relation to groundwater.

Cost of Construction

Some explanations and problems in estimating costs have been

discussed before in the cost of construction of shallow wells and deep

wells and are the same for a surface water project. The steps to follow
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in estimating the cost of a small reservoir project are as follows

(Linsley and Franzini, 1964), using the rate of one dollar = 21 Thai Baht:

1. Note plan number, date and location.

2. Determine the desired capacity of the reservoir.

3. Calculate capital costs (cost of reservoir, 00 per 260

gallons, including interest during construction).

4. Calculate annual cost:

a. average 0 and M costs, based on repairs and attendants.

b. capital costs amortized at 6 percent interest (annual

life of project is 30 years, which gives a factor of

0.07265).

c. total average annual costs found by adding a and b.

5. Calculate annual benefits.

6. Calculate annual net benefits and benefit-cost ratio.

Steps (5) and (6) will again be neglected for the reason stated earlier.



CHAPTER 3

APPLICATION OF THE PROCEDURE TO A SELECTED LOCATION

The author will now apply the procedure for determining and

evaluating alternative sources of water supply for a selected community.

The village of Nongbua in the Khonkean Province was selected at random

for this study. The Khonkean Province is one of several which have been

surveyed under the Isonam project to determine areas of water development

needs and the intensity of the needs. The Isonam project is an activity

of the Accelerated Rural Development Office of Thailand.

An estimate of the number of people and livestock expected by

1980 for the village is made. Water demands are determined for the

estimated populations and the adequacies of surface water and groundwater

potential supplies are evaluated; then an economic analysis is made to

determine the most economically feasible source to develop. The proce-

dure utilizes normally available data or easily obtainable data. The

principal purpose of this section is to demonstrate the procedure, and

not to analyze correctly the water problem for Nongbua village. Certain

data have been assumed in the present analysis. For a reliable analysis

for the village, more precise data would need to be incorporated.

Village Description and Water Demand

Nongbua village is located in Section 6, Kaongeow subdistrict,

Phon district of the Khonkean Province. The village location is shown in

Figure 5. The village population in 1970 was 759. With an anticipated

46
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growth of 4 percent per year, the population in 1980 is expected to be

about 1,100. The number of cattle, hogs and poultry for 1980 have been

assumed and are given in Table 3, along with the calculated water demands

determined by the procedure presented earlier.

The village location will now be examined for potential ground-

water and surface water sources which will satisfy the 1980 demand.

Groundwater Analysis 

A depth to groundwater map for the study area is shown in

Figure 6. The map is from Haworth, Chiangmai and Phiangcharoen (1966).

The water table at Nongbua occurs at about 8 to 10 feet below the ground

surface in the wet season. However, it has been reported that shallow

wells (less than 40 feet in depth) become dry during the dry 
season, so

shallow wells are eliminated as dependable sources. Deep 
wells may be a

feasible alternative, depending upon hydrogeological factors 
at depths

below the water table.

Well Fields

Data from existing wells in the area are 
presented in Table 4.

Depth of well, depth to water, yield and drawdown data 
were obtained from

Haworth and others (1966). Specific capacity 
for each well was calculated

from these data. The range in specific capacity 
per foot of penetration

for the 71 wells is from 0.0001 to 0.3200 gal/min/ft 
per ft of penetration.

The spatial distribution of specific capacity is shown 
in Figure 7. The

study area has been divided into subareas of 
similar specific capacities

and the range for each subarea is shown 
in the figure. A specific



Table 3. Estimated Population and Water Demands for Nongbua
in 1980.

Census its/day

Water Demand

ltr/210 days

People 1,100 110,000 23,100,000

Cattle 300 12,000 2,520,000

Hogs 50 1,000 210,000

Poultry 2,000 300 63,000

TOTAL 123,300 25,893,000

Z123,500 z26,000,000
(32,058 gallons)	 (6,732,180 gallons)

49
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Table 4. All Well Data in the Study Area.

Well
Number

Depth of
Well
(ft)

Depth to
Water
(ft)

Yield
(gPITI)

Drawdown
(ft)

Specific
Capacity
(gpm/ft)

C s per ft of

Penetration

B	 91 KK10 200 53.00 63.4 57.53 1.10 0.007
B 104 KK12 158 20.56 27.0 110,30 0.24 0.001

B	 82 KK1 217 29.00 1020 21.4 42.66 0.226

B	 101	1(1(12 220 51.00 21.0 49.0 0.43 0.002

B	 96 C5 135 35.00 21.0 51.21 0.41 0.0009

B	 93 C2 200 36.60 12 131 0.09 0.0006

B 100 C9 235 26.63 63.4 59.61 1.06 0.0051

B	 97 C6 150 33.67 72.25 61.29 1.18 0.0104

B	 98 C7 200 35.00 13 18.7 0.70 0.0042

B	 89 KK8 140 32.00 11.74 1.15 10.21 0.0945

B	 87 KK1 125 30.00 22.64 71.69 0.32 0.0029

B	 88 KK7 260 30,85 45.29 27.7 1.63 0.0071

B	 83 KK2 107 21.00 17.69 78.95 0.22 0.0025

B	 86 KK5 106 17.13 39.63 43.82 0.90 0.0101

B	 90 KK9 140 24.00 31.7 69.75 0.45 0.0038

C	 37 KK17 1009 42.00 63.4 47.22 1.34 0.0013

C	 38	1(1(18 318 36.36 40 45.2 0.88 0.0031

C	 39 Cl 295 42.30 42 40 1.05 0.0041

C	 40 C2 1004 20.00 28.8 17.76 1.62 0.0016

C	 41 KK19 309 25.00 33 57 0.58 0.0021

C	 35 KK15 245 18.00 20 62 0.32 0.0014

C	 34 KK16 410 18.00 85 64 1.33 0.0033

C	 83 C9 95 9.47 12 27.52 0.44 0.0051

C	 14 NR14 304 19.00 10 25 0.40 0.0014

C	 15 NR15 305 20.00 2.5 74 0.03 0.0001

C	 21 KK1 540 14.00 55 54 1.02 0.0019

C	 22 KK2 121 14.00 60 18 3.33 0.0311

C	 23 KK2 115 17.50 19 44 0.43 0.0044

C	 76 KK32 47 13.00 6 40.58 0.15 0.0044

C	 24 KK4 244 16.50 7.04 27 0.26 0.0011

C	 25 KK5 121 11.00 8 29 0.28 0.0025

C	 26 KK6 101 11.00 79.2 22.9 3.46 0.0384

C	 27 KK7 126 22.00 40.2 43.08 0.93 0.0089

C	 28 KK8 254 37.00 10 9 1.11 0.0051

C	 29 KK9 335 31.00 35.22 67.64 0.52 0.0017

C	 30 KK10 235 40.00 120 8 15.0 0.0769

C	 31 1(1(11 1289 32.00 10 13 0.77 0.0006

C	 32 KK12 83 40.00 50 15 3.33 0.0774

C	 59 KK21 376 30.00 91 41 2.22 0.0064

C	 61 KK22 135 35.00 45.28 41.62 1.09 0.0109

D	 88 C4 90 20.62 10.5 75.62 0.14 0.0020
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Table 4 -- continued.

Depth to Depth to	 Specific
C

Well	 Well	 Water	 Yield	 Drawdown Capacity	 s 
per ft of

Number	 (ft)	 (ft)	 (gPm)	 (ft)	 (gpm/ft) Penetration

D	 87 C3 90 6.25 31.7 80.1 0.53 0.0063

D	 89 C5 120 15.50 11.7 30.06 0.39 0.0037

D	 91 MS31 175 95.00 18.3 18 1.02 0.0127

D	 65 MS25 500 28.00 17 40 0.43 0.0009

D 146 KK 205 48.00 28.6 41 0.72 0.0045

D	 96 MS36 269 25.00 21.19 30.48 0.70 0.0028

D	 97 MS37 200 18.00 18.1 23 0.79 0.0043

C	 74 KK30 182 40.00 80 63 1.27 0.0089

D	 98 MS38 200 13.57 9 16.4 0.55 0.0029

D	 69 MS29 205 15.00 18 22 0.82 0.0043

D	 70 MS30 205 18.00 19 31 0.61 0.0032

E	 42 Cl 71 9.82 70.4 24.6 2.86 0.0467

F	 51 KK1 155 21.48 21 55.8 0.38 0.0028

F	 52 KK2 253 151.00 5.4 73.52 0.07 0.0006

F	 53 KK3 85 75.00 19.8 6.19 3.20 0.3200

F 110 KK12 200 37.05 63.2 8.17 7.74 0.0474

F	 70 KK5 200 112.31 53 11.65 4.55 0.0518

F	 71 KK6 350 10.00 18 187 0.10 0.0100

F 101 KK7 200 14.48 19.8 104.86 0.19 0.0010

F 102 KK8 200 29.35 3.4 102.26 0.03 0.0001

F 105 KK11 165 8.4 9 89.6 0.10 0.0006

H	 10 NR10 205 14.8 45.3 40.46 1.12 0.0058

H	 11 NR11 245 24.35 45.3 27.43 1.65 0.0074

H	 12 NR12 220 26.24 12.7 15.95 0.80 0.0041

H	 13 NR13 205 11.30 63.2 0.86 7.13 0.0368

H	 14 NR14 105 13.38 39.5 37.84 1.04 0.0113

H	 15 NR15 125 75.00 11 10 1.10 0.0220

H	 16 NR16 210 95.00 13 51.5 0.25 0.0021

H	 18 NR18 980 242.00 16.6 242 0.07 0.0001

H	 19 NR19 305 83.10 29.2 247 0.12 0.0005
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study area has been divided into subareas of similar specific capacities

and -the range for each subarea is shown in the figure. A specific

capacity per foot of penetration of 0.0044 to 0.0384 is shown for the

Nongbua site. Using the specific capacity method, as described earlier,

and Equation [1], determine the depth of penetration below water table.

The minimum value of specific capacity per foot of penetration (0.0044),

which indicates the lowest yield, will give the safest determination.

The maximum allowable depth of drawdown is determined arbitrarily to be

50 feet. The value of discharge is 25 gpm, which comes from the water

demand (Table 3). Therefore, Equation [1] gives:

25/50	
X =	 -

0.0044
	113.5 feet

To determine the depth of the well, depth to water from the

surface is added to the depth of penetration (113.5 feet). So 
the depth

of the well should be

17.5 4. 113.5 = 131.0 feet

A safety factor of 19 feet should be added to the 
depth of the well to

give a depth of 150 feet. Such a well should supply 
the needed water for

the village.

The next analysis of the groundwater 
source of Nongbua is a

lithological analysis to determine transmissivity. 
The method will use

the lithology data of the wells in three different 
blocks near Nongbua to

determine the coefficient of transmissivity and coefficient of 
storage

because there is no well data report 
at Nongbua. The blocks are shown in

Figure 5, with blocks designated by 
A, B and C. The lithologies for

blocks A, B and C were obtained from well logs 
as reported by Haworth and
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others (1966), Fifteen lithologic units were identified with 6, 12 and

11 of the units being present at Blocks A, B and. C, respectively. A

permeability value was assigned to each unit following Johnson (1963),

but with some adjustments based on the author's judgment. 
The lithology

for each block is given in Tables 5, 6 and 7, respectively. 
The tables

include a description of each unit and the assigned permeability 
value

for the unit.

Five well logs were available for each of the blocks. All of the

lithologic units were not present at each well site, and the 
thickness of

the units varied among wells. Therefore, each well was analyzed

separately. The results are presented 
in Tables 8, 9 and 10. The

calculated average transmissivity for the three 
blocks are 2,000, 1,800

and 2,300 gal/day/ft for blocks A, B and C, 
respectively.

To estimate the value of the coefficient of 
storage by looking at

lithology from Blocks A, B and C. A clay layer 
above and below the

aquifer indicates a confined aquifer condition. 
From the pumping test

data of the study area, the value of the coefficient of 
storage was found

to be in the range for confined aquifer 
conditions. Therefore, the value

of the coefficient is about 1.70 x 10
-4 , according to the pumping data

available and the author's judgment.

After calculating T and S from 
the lithological analysis, Jacob's

straight-line method (Equations [2] and [3]) 
can be used to determine As

and to :

264 x 25 
As -	 - 3.67 feet

1800
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Table 5. Block A: Coefficient of Permeability--Assigned Permeability
Value of Water-Bearing.

Source: Johnson, 1963; Walton, 1970; and Davis and Dewiest,
1966.

Coefficient of
Permeability

Group	 Description of Material	 (gpd/ft
2

)

1	 Shale, moderate reddish-brown, very silty,
massive, slightly micaceous, indurated, decom-
posed at upper part	 40

2	 Siltstone, pale to moderate reddish-brown, sandy,
rather compacted, moderately hard; with feldspar
grained predominately; interbedded with reddish-
brown shale in places 30

3	 Clay, moderate yellowish-brown to grayish-orange,
very sandy, partially litmonitic, compacted,
slightly plastic
	 7

4	 Shale, reddish-brown, moderately hard
	

5

5	 Soil, pale reddish-brown, clayey, partially
oxidized, with some laterite in places
	 3

6	 Shale, reddish-brown, hard
	

1
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Table 6. Block B: Coefficient of Permeability--Assigned Permeability
Value of Water-Bearing.

Source: Johnson, 1963; Walton, 1970; and Davis and DeWiest,
1966.

Coefficient of
Permeability

Group	 Description of Material	 (gpd/ft
2
)

	1	 Gravel, yellow to dark gray, sizes ranged up to
4 mm, sub-angular to rounded, well sorted, with
some rounded gravel 	 550

	

2	 Sand, fine-grained, clayey, buff color 	 60

	

3	 Soil grayish-orange to pale reddish-brown,
loose, composed of high percentage of sand and
silt, with some carbonaceous matter 	 30

	

4	 Clay, pale red to grayish-orange, very silty,
sandy in places, partially lateritic, slightly
plastic	 20

	

5	 Sand, grayish-orange to dark yellowish-orange,
sub-angular to rounded, well sorted, with some
black mineral in places	 15

	

6	 Siltstone, buff color, gypsum crystals	 5

	

7	 Siltstone, gypsum crystals, reddish-brown color 	 4

	

8	 Shale, moderate reddish-brown, slightly silty,
well shown cleavage, partially calcareous rather
compacted, indurated, calcite vein present in

places, interbedded with siltstone of the same

color in places	 3

	

9	 Shale, moderate reddish-brown, massive but
partially well shown cleavage, compacted, slightly
indurated	 2

	

10	 Shale, pale reddish-brown, silty, clayey in

places, mostly decomposed unindurated, with white

clay spots predominate	 1

	

11	 Shale, pale reddish-brown, massive micaceous,
rather compacted, very indurated, with some
litmonitic and white clay in places

	

12	 Halite
	 0.009

0.05



58

Table 7. Block C: Coefficient of Permeability--Assigned 
PermeabilityValue of Water-Bearing.

Source: Johnson, 1963; Walton, 1970; and Davis and DeWiest,1966.

Coefficient of
Permeability

Group	 Description of Material	 (gpd/ft2)

	1	 Gravel, orange, very coarse, sub-angular to
rounded 500

	

2	 Sand, red, fine to medium, very fine to fine,
and fine to coarse, sub-angular to rounded,
fairly well sorted, composed of quartz of
various colors	 50

	

3	 Sand, grayish-orange to grayish-red, very fine
to fine, very silty, well sorted, composed mostly
of quartz and clay	 30

	

4	 Clay, pale yellow to brown, silty, reddish,
slightly plastic	 10

	

5	 Soil, pale yellow to brown, silt clayey in
places, some reddish-brown shale fragment	 5

	

6	 Shale, dark reddish-brown, silty, massive,
partially loose, unindurated, with thin layer of
rock salt in places	 3

	

7	 Shale, moderate reddish-brown to greenish-gray,
very sandy, mostly decomposed, massive
unindurated, with some litmonite and clay	 2

	

8	 Shale, moderate reddish-brown, silty, massive,
loose, slightly indurated 	 1.5

	

9	 Shale, pale reddish-brown, clayey, massive, friable
plastic, some white clay streaks	 1

	

10	 Shale, reddish-brown, compacted indurated, more
compacted and more indurated in the lower part
	

0.8

	

11	 Gypsum, grayish-grron to white, dull luster
	

0.0 0 1
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Table 8. Block A: Determination of Transmissivity by Lithologic
Analysis.

Lithologic
Group
(Table 6)

Well No.
C21 KK1
(T=MP)*

Well No.
C22 KK2
(T=MP)

Well No.
C23 KK3
(T=MP)

Well No.
F52 KK2
(T=MP)

Well No.
F53 KK3
(T=MP)

1 20 x 40 40 x 40
= 800 = 1600

2 130 x 30 35 x 30
= 3900 = 1050

3 10 x 7 15 x 7 10 x 7

= 70 = 105 = 70

4 300 x 5 110x5 15 x 5
=1500 =550 =75

5 S x 3
= 15

6 230 x 1 223 x 1

=230 =223

Transmissibility 1800 4700 565 403 2720
:2720

(gpd.ft)** :1800 :4700 :600 :405

* T = transmissivitY
M = thickness, in feet
P = permeability.

Average transmissibility estimated is 2051 gpd/ft z 2,000
	 d/ft.**
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Table 9. Block B: Determination of Transmissibility by Lithologic
Analysis.

Lithologic
Group

(Table 6)

Well No.
E A Cl
(T=MP)

Well No.	 Well No.
E 43 C2	 E 44 C3
(T=MP)	 (T=MP)

Well No.
D 89 C5
(T=MP)

Well No.
D 90 C6
(T=MP)

1

2 60 x 60

2 x 550
= 1100

= 3600

3 S x 30 S x 30
=	 150 = 150

4 11 x 20 10 x 20	 15 x 20 13 x 20 20 x 20

= 220 = 200	 = 300 = 260 = 400

5
10 x 15
= 150

6 230 x 15	 79 x 5
= 1150	 = 395

7 185 x 4
= 740

8
85 x 3
=255

20 x 3
=60

9
10 x 2
=20

10
12 x 1
= 12

13 x 1
= 13

20 x 0.05
11 = 1

12 23 x 0.009
= 0.207

Transmissibility
(gpd/ft)*

3820
:3900

2240.207	 695
2250 	z700

7.1•7
z500

1874
z1900

* Average transmissibility estimated is 1850 gpd/ft
	 1800 gpd/ft.



Table 10. Block C: Determination of Transmissivity by Lithologic
Analysis.

Lithologic
Group

(Table 6)

Well No.
C24 KK4
(T=MP)

Well No.
C25 KK5
(T=MP)

Well No.
C26 KK6
(T=MP)

Well No.
F54 KK4
(T=MP)

Well No.
II	 -	 14
(T=MP)

1

2 15 x 50
= 750

10 x 500
= 5000

30 x 50
= 1500

3 35 x 30 10 x 30
= 1050 = 300

4 10 x 10 20 x 10 15 x 10 75 x 10 15 x 10

= 100 = 200 = 150 = 750 =	 150

5 5 x 5
= 25

6 86 x 3 140 x 3
=258 =420

7 60 x 2
= 120

8
55 x 1.5
=	 82.5

9 23 x 1
= 23

10 206 x 0.8 101 x 0.8

=	 164.8 =	 80.8

11
20 x 0.001
=0.20

Transmissibility
(gpd/ft)*

312.8
:315

280.8
:280

408
:410

3915.20
:3915

6950
:6950

* Average transmissibility estimated is 
2374 gpd/ft	 2300	 d/ft.
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_ (0.50)
2 

x 1.70 x 10 -4

to	 = 7.9 x 10 -8 
day

0.3 x 1800

In Figure 8, the slope of the line per log cycle is 3.67 feet, and the

intersection of the time-drawdown semi-log straight line with zero

drawdown axis is 7.9 x 10
-8 

day.

Reading from Jacob's straight line (Figure 8) at 210 days, the

drawdown declines 35 feet, but the maximum allowable depth of drawdown

for the study area, as determined arbitrarily, is 50 feet; therefore, one

deep well will supply enough water in Nongbua.

The Pumping Test Method

There are four pumping test well data (Figures 9, 10, 11 and 12)

reported by Haworth and others (1966) in the study area near Nongbua.

They used Theis's equation and Jacob's straight-line method. The value

of the coefficient of transmissivity is calculated for each well. All 
of

the well yields are more than the demand and the drawdown 
is less than

the maximum allowable depth to drawdown, 50 feet, except 
for well number

C22 KK2, which is the closest to Nongbua, but the 
discharge is 100 gpm.

The demand is only 25 gpm. By plotting Jacob's straight line again,

using the same coefficient of transmissivity 
which is 1,700 gpd/ft, the

discharge is 25 gpm for Nongbua. The new slope 
per log cycle is:

264 x 25 
s -	 1700	

_ 3.14 ft

The new Jacob's straight line was plotted 
in Figure 13 by using

the same intersection of time-drawdown semi-log 
straight line with zero

drawdown axis. Reading from the 
new Jacob's straight line (Figure 13) at

210 days, or 302,400 minutes, the drawdown 
is only 14 feet, which does not
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Source: Haworth and others, 1966.
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exceed the maximum allowable depth of drawdown. Therefore, one well will

supply enough water at Nongbua.

The general conclusion is that the estimated demand for the

village of Nongbua can be satisfied by a deep well if the quality of the

groundwater is satisfactory. Water quality will now be considered.

Water Quality

Maps for the study area, showing chloride, total dissolved solids,

and water hardness are shown in Figures 14, 15 and 16. These maps were

obtained from the report by Haworth and others (1966). Data on other

quality parameters are not available.

In the vicinity of Nongbua, chloride concentration is 100 ppm,

total dissolved solids concentration is 600 ppm and hardness is 450 ppm.

According to the U. S. Public Health Department, the limits for drinking

water are 250 ppm for chloride, 500 ppm for total dissolved solids (but

1000 ppm is permitted) and 300 ppm for hardness. The groundwater in the

vicinity of Nongbua is acceptable according to these standards.

Economic Analysis

Exact cost estimates for construction, maintenance and operation

of a deep well project are not presently available to the author.

However, estimates have been assumed which are considered reasonable;

thus, a comparison can be made between a deep well project and a surface

water project. The following estimation assumes that the well is 6

inches in diameter and 150 feet deep, and the pump is driven by a 5

horsepower diesel engine while pumping 100 gpm (1 dollar = 21 Thai Baht):
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Figure 14. Map of Chloride Concentration in Parts Per Million.

Source: Haworth and others, 1966.
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EXPLANATION
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Province capital
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Roads ---
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Figure 15. Map of Total Dissolved Solids in Parts Per Million.

Source: Haworth and others, 1966.
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Cost of Plant:

Well (including interest during construction,
using 150 feet x 4300/ft 445,000.00

Pump and motor (installed) 5,000.00
Shelter 500.00
Storage tanks	 (35,000 gallons) 2,000.00

TOTAL 452,500.00

Annual Fixed Costs:

Amortization on 545,000 at 6% $	 3,269.55
Amortization on pump and motor at 6% 1,187.00
Amortization on shelter at 4% 61.66
Amortization on storage tanks at 6% 271.74

TOTAL	 4 4,789.94
Annual Operating and Maintenance Costs

(2,000 hr/yr)

Fuel (2,000 gallons at 43/gal)
Lubrication ( 5 50/200 hrs)
Repair (4100/200 hrs)
Attendants (41,000 per year)

4 6,000.00
500.00

1,000.00
1,000.00  

TOTAL	 4 8,500.00
TOTAL ANNUAL COST	 B13,289.94

13,300.00

Based on this estimation and these assumptions, the total capital

costs for the one well are 452,500.00 and the total annual cost is

413,300.00.

Surface Water Analysis 

To determine the potential surface water supply for Nongbua

village, the procedure of Bangsainoi (1973) was used. This procedure

predicts the runoff close to the village. The runoff is considered

available for storage, to be used during the dry season for domestic

purposes. The mathematical model to apply to ungaged basins is
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Equation [5] of Bangsainoi (1973, p. 37), or:

R = CI 1.34 A0.72 s -0.23

and

log R = log C + 1.34 log I + 0.72 log A - 0.23 log S

where R = mean annual runoff in million cubic meters

C = a constant

I = mean annual rainfall in millimeters

A = watershed area in square kilometers

S = watershed slope.

A value for C for the study area was obtained from the isoline

map in Figure 5 of Bangsainoi (1973, p. 38) and is 5.5 x 10 -5 . The mean

annual rainfall is estimated to be 1268 mm. The watershed area is 15

square kilometers and the slope of the study basin is 0.005. Therefore,

the runoff (R) of the study area is:

R = 1.31 million cubic meters

Bangsainoi (1973) recommends the use of 0.466 R as the predicted

runoff, which would be equalled or exceeded during 90% of the years. For

the watershed under study, 0.466 R is equal to 613,000 cubic meters, or

613 x 10 8 liters. The water demand for the village was estimated to be

2.6 x 10
7 liters. Therefore, the runoff from the watershed should be

sufficient to meet the demand if adequate storage facilities are

developed.

Reservoir Site

According to the Isonam report for Nongbua village, a small

reservoir exists within one kilometer of the village. Therefore, it is
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assumed that this reservoir may be enlarged to provide the required

storage. A visit to the site would be necessary to confirm the assump-

tion. To calculate the required storage capacity of the reservoir, an

average evaporation rate of 5 ram/day for the dry period of 210 days and a

reservoir surface area of 9,100 m
2 
were assumed. Also, a seepage loss of

10% of the water demand was assumed. Therefore, the storage capacity

would be:

26,000 m
3 
to meet the water demand

9,555 m
3 
to account for evaporation losses

2,600 m
3 
to account for seepage losses

38,155 m
3 

(about 10
7 gallons) total

An average depth of water when the reservoir is filled to capacity would

be 4.2 meters.

Water Quality

The quality of surface water in this region was reported by the

Royal Irrigation Department in Thailand as good for domestic and live-

stock uses, and there are many reservoirs within the study area which

have never reported water quality problems. Field engineers can take

some surface water samples from the study area to analyze them again

during investigation of the reservoir site. The quality of the surface

water in the vicinity of Nongbua is considered acceptable.

Economic Analysis

Again, the exact cost estimates for construction, operation and

maintenance of the reservoir project are not presently available.
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However, the author will attempt to use cost estimates which are

reasonable.

The cost of the construction is based on the required capacity of

the reservoir. The following assumptions are made (Thai Baht, $, is

used):

1. Capacity of reservoir is 107 gallons.

2. Reservoir construction costs are $10 per 260 gallons, which

includes interest during construction.

3. Average annual operation and maintenance costs are repairs

($1,500) and attendant ($1,000).

4. Capital cost amortization is 6% per year.

5. Project duration is 30 years.

Based on these assumptions, the total capital costs for the

reservoir are $384,615.40, and the total annual cost is 430,442.31

$30,450.

Comparison of Deep Well and Reservoir Alternatives

Results of the previous analysis are summarized in Table 11.

Both a deep well and reservoir are suitable alternatives for satisfying

the water demand of the village, the only difference being the cost of

construction and the operating and maintenance costs. Based on this

analysis, the deep well project should be developed because it is the

less expensive of the two.

It should be emphasized that the analysis is merely an example of

a procedure, and the conclusion that a deep well project is 
the best

alternative is subject to the several assumptions made in
 the analysis.
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Further refinements of the estimates used and an on-site visit are

necessary before a definite recommendation can be made for the village of

Nongbua.

The groundwater analyses for the study area which are based on

the depth to water table, distance from community, water quality and

potential groundwater yield are acceptable. The annual cost of the deep

well project is 03,300. Whether the results are accurate or inaccurate

may be due to the following factors: incomplete information; error in

data collecting; error in calculating of the data and constructing of the

graph, especially interpretation from the graph; and limitation of

available data.

The transmissivity obtained by lithological analysis ranges from

1,800 to 2,300 gpd/ft of average blocks. These results are approximate

because the log on which they are based is essentially qualitative, being

field description supported by only a few mechanical analyses. Also, the

assigned permeability values were based on the better information and the

judgment of the author.

The storage coefficient value, estimated from lithologic analysis,

is 1.70 x 10
-4	 It is a reasonable value because the coefficient of

storage from the two pumping tests nearby are 1.5 x l0 	 2.016 x 10 -4 .

The surface water analysis is predicted runoff from the procedure

of Bangsainoi (1973). It is 158,380,000 gallons (613,000,000 liters).

The reservoir site is reportedly a good site, and the water quality is

acceptable. The annual cost of the reservoir project is 100,450.
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These results depend on the factors: accuracy of the report,

calculation of the data, field error, and incomplete data.

According to the summary of all data (Table 12), which determines

the feasibility of various alternative sources of water supply, the most

economically feasible source to develop at Nongbua is the deep well

project. All feasible sources are equal except that the cost of the

deep well is less than the cost of the reservoir project.
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