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Table 3.4.2 Village Numbers in Difficulties on Water Use 
 Water Unsecured 

Villages 
Partly Water 
Secured Villages 

Water Secured, but 
Uncleaned Water 
Villages 

Clean Water 
Secured Villages 

Sagain 18 837 1,599 3,006 

Magway 220 766 514 3,292 

Mandalay 297 2,100 1,722 1,431 

Total 535 3,703 3,835 7,729 
Proportion（％） 3.4 23.4 24.3 48.9 

DDA intends to solve problems in the water unsecured villages in “10 Year Project” by 

adopting deep wells, shallow wells, dug wells, reservoir improvement, gravity flow, river 

water, and others in accordance with the natural conditions surrounding the targeted villages. 

Since December 2001 the Myanmar Government has been promoting a campaign of donation 

from charitable persons in and out of the country for tube well drilling in rural area.  The 

tube wells to be drilled in this program normally have a four inches diameter and two 
different total depths of 60 m and 120 m.  An airlift system is installed in each tube well to 

draw out groundwater.  The donation might be efficient to share a part of the budget of “10 

Year Project”, however, it could not cover main part of the total budget.  DDA expects that 
the present campaign would expedite implementation of the “10 Year Project”  

 

3.5 Groundwater Survey in the Study Area 

(1) Existing Well Monitoring and Geophysical Survey 

Groundwater monitoring was conducted in each study Township for one year.  About 10 - 15 
of the existing tube wells were selected in each Township as the monitoring wells and the 

officer of each Township cooperated to take records of groundwater level and basic water 
quality test of each monitoring well in accordance with instruction of an expert of the Study 

Team.  In cooperation with engineers and worker of DDA, the Study Team had conducted 

electric resistivity surveys in 110 target villages and traced the probable depth and stretch of 
the aquifer and evaluated possibility of groundwater development in each village. 

(2) Selection of Test Well Drilling Site 

For selecting 22 villages for test well drilling sites, the Study Team evaluated several factors 

such as accessibility of drilling machine to the village, supposed water quality, yield of water, 
aquifer type, electric resistivity result, and socioeconomic factor including water supply 

difficulties in 110-targeted villages.  Two villages in each Township were selected by the 

comparative study in accordance with a flowchart shown in Fig. 3.5.1.   
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The final decision was made through discussion with Study Team and officers of the 
counterpart. Such evaluation procedures were sometimes repeated in case both sides could not 

agree at one time.  

The criteria of the site selection are as follows: 

1) The earlier condition in the flowchart takes precedence over the latters. 
2) Two villages should be selected in each Township 
3) Accessibility, Water quality, and Estimated yield were taken as the compulsory condition. 

However, Aquifer geology, Geophysical factor, and socioeconomic factor were taken as 

the suggestive. 

The selected 22 villages are shown in Fig. 3.5.2. 

(3) Test Well Drilling 

JICA provided a drilling rig with a 300 m deep drilling capacity equipped with necessary 
tools and accessories to carry out the test well drilling.  JICA had also repaired three 

DDA-owned drilling rigs from January to March 2002 by dispatching an expert and necessary 

spare parts in order to restore a 200 m deep drilling capacity.  Test well drilling was 
commenced in June 2002 by deployment of these four drilling rigs and DDA dispatched four 

drilling teams and other supporting staff to carry the work.  The work has been continued 

until February, 2003, and 21 deep tube wells with depths of 200 to 300m and 2 shallow wells 
with a depth of 60 m, altogether 23 tube wells have been drilled.  The progress of the test 

well drilling is shown in Fig. 3.5.3. 

Daily drilling record including geological features in every meter were made to grasp the 
hydrogeological characteristics in the area.  After well developing, water quality test and 
pumping test were conducted in each tube well.  Since these test wells had been intended to 

use as production wells, JICA procured 21 sets of helical rotor pumps and delivered them to 

the Study Area.  Two sets of airlift pumping system, which consists of an air compressor, an 
engine and pipes, were procured locally and provided for the two shallow wells at Aungthar 

village in Natogyi Township.  Among the 21 deep wells, three wells were not used as 

production wells due to the following reasons. 

At Kangyikon N village in Nyaung-U Township, aquifer could not be confirmed from the 
ground up to 300 m deep in the test well.  At Magyithonepin village in Pakokku Township, 

the test well had a yield of only 5 l/min, which was too little to use.  At Thayetpin village in 

Chauk Township, a static water level was measured at 315 m deep in the test well, which was 
beyond specified heads of any pumps procured under the Study.   
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Another one at Yonbingon in Pyawbwe Township was an artesian well, for which pump was 
not necessary.  Therefore four sets of well pumps were no need to be installed for the above 

three unsuccessful wells and an artesian well. 

The result of the test well drilling is shown in Table 3.5.1. 

Pump installation work have been done for two months from May 2003 under supervision of 
an engineer of the Study Team.  Consequently, 17 sets of well pumps were installed in total 
except the above three unsuccessful test wells and an artesian well.  DDA has constructed a 

set of reservoir, pump house, and pipe between the pump and the reservoir for each tube well 

on its own responsibility.  

The two unsuccessful tube wells in Magyithonepin and Thayetpin villages will be used as 
monitoring wells to trace water level and water quality in future.  However, the one in 

Thayetpin village can be utilized as the production well if a pump with an enough capacity is 

procured.  The above four sets of well pumps unused this time can be installed for the wells 
to be drilled in the “10 Year Project” in the Central Dry Zone in future.  The specifications of 

these four well pumps are as follows, 

Table 3.5.2 Specification for Well Pumps to be Stored in DDA’s Warehouse 
Head(m) Discharge 

(gal/hr) 
Well Diameter 

(mm) 
Length of Riser 

Pipe (m) 
No. Engine（ｋＷ）  

220 3,000 >120 220 1 15.5 
170 1,500 >100 170 1 7.3 
120 1,000 >120 120 1 3.0 
100 1,000 >100 100 1 3.0 

Groundwater Zoning Maps were prepared based on the results obtained by the above 
mentioned hydrogeological surveys and test well drilling.  The maps were prepared in each 

Township and assumed groundwater levels, electric conductivities ranges, etc. were shown on 
them. 
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3.6 Groundwater Potential and Policy of Improving Water Use Conditions  

(1) Groundwater Potential 

Based on various surveys done in this Study, major targeted aquifers to be developed in the 

Central Dry Zone are Alluvial aquifer, Irrawddy Formation aquifer, and Pegu Group aquifer.  

The Alluvial aquifer, which exists in unconsolidated sediments of silt, sand, or gravels, is 

generally the most important groundwater source due to its high porosity and permeability.  

However, the Alluvial sediment is not found so common in the Central Dry Zone.  It is 

distributed mainly along big rivers and its tributaries.  On the other hand, Irrawddy 

Formation and Pegu Group are found widely in this zone.  Although consolidated 

sedimentary rocks such as sandstone and conglomerate of the Irrawddy Formation and Pegu 

Group have a poorer potential of groundwater comparatively than the Alluvial layer, fissure 

water saturated in fractured or weathered zone in these rocks being developed by tectonic 

faults or folds are expected to be as good and promised aquifer.    

The result of the field survey shows that groundwater in the study is available generally for 

the rural water supply purpose.  However, as the fissure aquifer generally distributes 

limitedly in width and in depth, the following activities are highly recommended for 

developing groundwater in the study area: 

- To grasp hydrogeological feature of the targeted area by analyzing data of the existing 

tube wells and other hydrogeological data. 

- To conduct a geophysical survey carefully, and 

- To design tube well structure based on the above analyses and well logging data. 

It is also suggested to design the structure and location of tube wells for preventing from 

extracting the groundwater contained with saline or high minerals. 

(2) Policy of Improving Water Use Conditions 

The most common water source for villages in the Central Dry Zone is traditional rain-fed 

reservoirs.  Dug wells are also widely used in the rural area.  These water sources drop 

the water level and finally dry off in dry season.   Therefore the water use conditions is 

directly affected by whether the village has alternative water sources near it.   

Almost rivers and creaks in the Central Dry Zone dry out in dry season except the 

Ayeyarwaddy River and a few tributaries of it.  Of course the flow of these rivers is 

reduced largely in dry season.  Villages located near these rivers have an advantage to 
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access water easily.  Villagers in many other villages located far from these rivers have to 

spend a lot of time to fetch water from deep wells in other villages or other possible water 

sources. 

Groundwater development projects in the rural area in Myanmar have been implemented 

actively from 1980s by some international aid organization such as UNDP, UNICEF, or 

NGOs.  Thousands of tube wells have been constructed through those projects.  Not only 

villagers having the tube well in their village but also many people living in the surrounding 

villages depend on the tube well as an irreplaceable water source.  The tube well is 

operated and maintained by a water committee formed by the villagers and the committee 

charges the users for their water consumption.  Through the experience of using the tube 

well in other village, villagers, who have not their own tube well yet, have a basic 

knowledge on how to manage the facilities and eager to have a tube well in their village. 

They have basically a high incentive to manage the facilities including sharing its 

operational cost.  

Most of villages in the study area have a range of population among hundreds and two 

thousands.  They are isolated each other by several miles of distance.  This means a water 

system connecting each village by a pipeline is normally more expensive than tube well 

constructions.  In addition, taking the groundwater potential into account, groundwater 

development project adopting point-source water supply system is judged to be the most 

suitable for improving water use conditions in the villages.  In order to secure the project 

management more sustainable, mechanical and financial trainings to the targeted villages 

on the initial operation stage and periodical monitoring on the facilities by the authorities 

are required. 

Although the depth of the existing tube wells is generally limited up to nearly 200m, it was 

confirmed that deeper aquifers up to nearly 300m were distributed in some of the study 

villages.  Therefore introduction of drilling equipment with an enough capacity is 

important to carry out widely and stably the groundwater development in the study area. 

 

3.7 Component of Proposed Project 

(1) Objectives of Proposed Project 

Objectives of the proposed project are to provide villages hygienic and healthy living 

circumstance by supplying safe and enough water and thereby to reduce burden of the 
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villagers in fetching water from outside the village for several hours in the dry season.  It is 

expected that villagers could increase their income by making good use of the time saved by 

decreasing water fetching work. 

(2) Status of Proposed Project 

As the proposed project shares in a significant element of “10 Year Project” of DDA, “10 Year 

Project” could not be accomplished without the proposed project.  Target of the proposed 

project is 110 villages, which belong to six Townships in Mandalay Division and five 

Townships in Magway Division.  There are 21,700 of households and 117,100 of 

populations living in these 110 villages in year 2001. The population is expected to increase 

up to 137,500 in 2020. 

(3) Component of the Proposal 

The present main water sources in the targeted villages are rain fed reservoirs/ponds or dug 

wells.  Villagers try to use the pond water as long as possible in the dry season.  Such basic 

water using style would not be changed in future.  Because the pond water is the most 

economical and accessible source in the village.  Unfortunately there is no river or spring to 

be useful through the year as the alternative water source within the accessible distance from 

the targeted villages.  Therefore the project proposes the following basic measures. 

l Groundwater development project as an alternative water source in the dry season. 

l Measures for villages where could not use groundwater sufficiently 

l Enhancement of operation and maintenance capacity for tube wells facilities and well 

drilling machine in order to guarantee a sustainable project implementation 

 

(4) Groundwater Development Project 

In accordance with the result of the field reconnaissance, there is no river or spring to be 

useful through the year as the alternative water source near the target villages.  Therefore, 

groundwater is the most reliable and applicable water source, if it could be economically 

exploited.  The results gained through hydrogeological survey and the test well construction 

indicate that it would be possible to obtain enough groundwater to cater the water demand in 

almost all the target villages on condition that the tube well has a depth from 200m to 300m, 

even though some of them are situated on the Pegu Group, which hydro-geologically shows a 

tendency of saline groundwater, or some are on the Irrawaddy Formation with a small 

optimum yield.  From the hydrogeological point of view, as the target aquifer would be 
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mainly fissure water in rock layer, which exists quite narrow area, it is suggested to analyze 

carefully the results of hydrogeological surveys of electrical & electromagnetic resistivity and 

well logging so that even a small indication of aquifer should not be missed. 

1) Proposed Well Facilities  

In case that the design optimum yield of a tube well is over the water demand of a village, 

one tube well should be drilled.  On the other hand, in case that the optimum yield cannot 

cater the demand, two wells should be constructed in the village.  In case the two tube 

wells cannot cater the demand, more tube wells are not considered to drill in this study, 

because operation of these facilities might give the village a heavy burden.  It is 

recommended that DDA has to trace such villages from the financial and operational 

points of view and to expand the facilities when the villages was confirmed to have 

enough capacity to expand the systems in future.  

Depth of the proposed wells is designed at a range from 200 m to 300 m based on the 

results of the hydrogeological analysis.  The diameter of well casing is a six inches from 

the points of discharge volume and well pump diameter to be installed.  In accordance 

with the results of the test well drilling, the characteristics of the proposed wells for each 

village are decided as shown in Table 3.7.1.   

18 numbers of the test wells constructed and succeeded in obtaining good aquifer by this 

study should be taking into account as the production wells.  Deducting these constructed 

wells, the total numbers of the proposed 200m and the 300m deep wells are 98 and 22 

respectively, 120 wells altogether as shown in Table 3.7.2. 

Depending on results of the test well construction, static water level and dynamic water 

level inside of the tube wells are difficult to be estimated in each site because the expected 

aquifers’ positions are not even.  Therefore a helical rotor type pump, which has a higher 

applicability to a large change of groundwater level than the ordinal submersible motor 

pump, is recommendable to be adopted in the proposed project.   
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Table 3.7.2 Number of Proposed Tube Wells 
Division Name of 

Township 
Depth of Tube 
Well: 200m 

Depth of Tube 
Well: 300m 

Total 

Taungtha 12 1 13 
Kyaukpadaung 5 4 9 
Natogyi 14 - 14 
Nyaung-U 8 3 11 
Pyawbwe 8 - 8 

Mandalay 

Myingyan 9 2 11 
Chauk 1 11 12 
Magway 9 - 9 
Pakokku 11 1 12 
Myothit 13 - 13 

Magway 

Yesagyo 8 - 8 
 Total 98 22 120 

A set of reservoir, pump house, and a connecting pipeline is necessary for each tube well.  

These facilities shall be constructed by the local authorities.  The water will be supplied 

through the faucets installed on the reservoir.  In case groundwater shows high iron 

content, an apparatus for reducing iron contents will be installed if necessary.  Drawings 

of the proposed facilities are shown in Fig. 3.7.1 to 3.7.6. 

2) Period and Manners for Project Implementation 

The proposed project shall link to “10 Year Project” of DDA and expedite its 

implementation.  Assuming that the proposed project is commenced from fiscal year 

2004 and continued for five years, the project would be completed in the year 2009.  This 

schedule seems very significant, because the fiscal year 2009 is coincident with the final 

target year of “10 Year Project” of DDA.   

Five operable the existing drilling rigs of DDA, which were donated in 1983 and 86, are 

planned to deploy for the “10 Year Project”.  However, the project requires more several 

numbers of drilling rigs due to the big numbers of tube wells to be drilled by the 

completion time of the project.  Two rigs donated from Japan for a project in northern 

Shan State in 2001 are under operation in the project sites.  Therefore, no DDA-own 

drilling rigs have time to work in the proposed project. On the other hand, JICA provided a 

drilling rig with a 300m-deep capacity in 2002 for the study.  Although some of 

accessories and tools provided with it have been consumed already, the machine can be 

used for the proposed project with necessary accessories and tools to be newly 

supplemented.  Consequently two more drilling rigs with a drilling capacity of 200 m to 

300 m deep are needed in order to drill the total proposed wells within five years.   

Some thousands of shallow and deep tube wells have been constructed through rural water 
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supply projects implemented since 1980’s.  Among them there are cases in which tube 

well could not be used and abandoned due to deterioration of pumping equipment or 

clogging of well strainers during many years using.  It is quite obvious that rehabilitation 

or restoration works for such troubled tube wells would be more required in future.   

Therefore it is highly recommended that equipment and tools for the work of rehabilitation 

or restoration of tube wells shall be provided and the technology shall be transferred to 

DDA so as to secure more sustainable implementation of the project. 

DDA has experiences of three groundwater projects as follows, 

- Urban Water Supply Project in 1983: for groundwater development and water supply 

facilities construction in two Townships.  

- Urban Water Supply Project in 1986: the same component in other nine Townships. 

- Groundwater Development in the Northern Shan State in 2001: Rural water supply by 

the groundwater development. 

The above two upper projects had been implemented by the General Affairs Department 

(GAD), the predecessor of DDA, under the Ministry of Home and Religious Affairs.  

DDA is carrying out the above last project.  The construction works of those projects 

were actually performed by DDA or the predecessor by using equipment and materials 

donated by Japanese Grant Aid with the local budget.  Through the implementation of 

those projects, DDA has a good understanding of the system of Japan’s Grant Aid.  

Therefore it can be said that DDA is capable to implement construction work of the 

proposed project if the necessary equipment and materials are supplied, on the same basis 

of those former projects.  

3) Equipment and Material Procurement Plan and Cost Estimation 

Equipment and materials required for the proposed project is as shown in Table 3.7.3.  

This includes drilling rigs, supporting equipment, well materials, pumps, and inspection 

devices necessary to complete 120 of tube wells construction.  A set of equipment and 

tools for rehabilitation of the existing tube wells and a mobile workshop for repairing or 

reforming of machine, accessories, etc. to be applied in the drilling sites are also included.  

Myanmar side shall construct reservoirs, pump houses, related pipes and also bear 

expenses of fuel and labors for the drilling work. 
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Table 3.7.3  Equipment and Materials to be Procured from Foreign Countries 
 Categories Name of Machine Specifications Quantity 
1 Well 

Drilling  
1) Truck Mounted Drilling Rig  300 m deep capacity 2 Set 

1) for the above Drilling Rig  300 m deep capacity 2 Set 2 Tools and 
Accessories 2) for Drilling Rig (JICA Provided in 2001, 

including consumed ones during the test well 
drilling under this Study for DDA-owned rigs） 

 1 Set 

1) Air Compressor  3 Sets 
2) Long body Cargo Trucks  4WD, 6 ton loading 

capacity with 3t crane  
2 Sets 

3) Medium size Cargo Trucks  4WD, 3 ton loading 
capacity  

2 Sets 

4) Water Bowser (Tanker) 8m3, 4WD 3 Sets 
5) Pick up car 4WD、W-Cabin 4 Sets 
6) Mobile Workshop With equipment and 

tools 
1 Set 

7) Truck mounted well Repairing Equipment  1 Set 

3 Supporting 
Equipment 

8)Pumping Test Equipment φ100mm, 800lit/min 
φ80mm, 400lit/min 

3 Sets 

Well Casingφ12”  3,600m 
Well Casingφ6”  22,270m 
Screenφ6” SUS, 3,930ｍ 
Centerizer  1 Set 

4 Well 
Materials 

Bentonite, CMC  1 Set 
5 Well Pump Helical Rotor Pump with Diesel Engine 1000gal/hr～5000gal/hr 121 Sets 

Well logging equipment Capable to logging is up 
to 400 m deep/ 

1 Set 6 Others 

Water quality equipment  1 Set 

 

The materials to be procured in local is as follows, 

 

Table 3.7.4 Materials to be Procured in Local 
Material No. 
Cement 1 Lot 
Sand, Gravel 1 Lot 
Diesel Oil 1 Lot 
Other Raw Materials 1 Lot 
Labor 1 Lot 

 

The project cost consists for purchasing equipment and materials from the foreign 

countries was estimated at US$ 9.0 million.  The cost for procuring local materials to be 

born by the local Government was estimated at US$350 thousand. 
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4) Operation and Maintenance Plan 

Village committees have been formulated in all the target villages and they have been 

taking various actions for operating the existing facilities such as ponds, dug wells or 

shallow wells and for improving hygienic conditions of the villages.   The proposed 

water supply facilities are not new to the villagers and can be managed by the water 

committee to be organized by the villagers.  Since each of the villages belongs to one of 

Township Development Committees, which are under the jurisdiction of DDA, the villages 

can obtain necessary assistances from the Township in case of any problems arising after 

the project commencement.  It is highly recommended to create a cooperative 

relationship between the villages and the township office for the proposed project to 

produce results.  On that basis, Township officers are expected to be involved in 

educational programs for improving the water supply and hygienic conditions in the 

villages and also in training villagers for operation and maintenance of the facilites. 

DDA has a full responsibility to maintain the drilling equipment, supporting equipment, 

tools and accessories.  At present DDA has more than ten numbers of vehicles including 

cargo trucks and truck mounted drilling rigs.  As some more equipments are expected to 

provide by the proposed project, workshops with adequate equipment and skilled 

mechanics for maintenance should be essential.   However, DDA has no properly 

arranged workshop at present.  In the Central Dry Zone, there are several workshops with 

well skilled technicians and adequate equipment, which belong to other departments such 

as Myanmar Petroleum and Power Enterprise, Myanmar Railways, or a middle scale 

workshop of WRUD.  If it is possible to obtain proper supports from these workshops in 

the project implementation, the success of the project could be secured firmly.  Therefore 

it is the highest recommendation that the central government should sufficiently coordinate 

between such ministries and departments for utilizing their workshops in the propose 

project.  

(2) Alternative Measures Other Than Groundwater  

There is no useful river through the year near the target villages.  Therefore, the following 

measure were proposed for the villages unable to utilize groundwater sufficiently, namely i) 

Measure for expansion of duration of reservoir utility, ii) Rainwater harvesting by Roof 

Catchments, iii) Emergency water supply by water bowsers. 

For the proposal i) above, excavation of the existing ponds and changing the direction of 

streams to the pond were recommended.  It is necessary to design in detail especially for 

changing the direction of streams based on a geographical survey of the surrounding area.  
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Proposal ii) is applicable by comparatively small structure.  And materials to be used are 

purchasable in local and construction is also easy.  The construction cost is estimated 

around US$ 1000 to 1 US$ 500 for the one unit.  Above two proposals are measures to 

make a good use of rainwater and the villagers can manage construction on the basis of 

voluntary work.  Proposal iii) is an idea for emergency occasion and not considered for a 

permanent measure.  A reference drawing of the rainwater harvesting by roof catchments 

is shown in Fig. 3.7.7. 

 

3.8  Financial and Economic Analyses 

An average water tariff was recommended to set between Ks 20 and Ks 25 per 50gallons for 

the target villages in the proposed project, assuming that it should cover the operation cost 

and basic repair cost for the facilities, and also taking the villagers’ affordability to pay for 

water into account.  

In case that the propose project would be implemented without subsidy, water tariff was 

estimated at around Ks 80 per 50gallons in order that the Financial Internal Rate of Return 

(FIRR) of the proposed project should be more than 7.0%.  It was judged that this water 

tariff was too high for the villagers to accept and the proposed project should be implemented 

with substantial subsidy from foreign and/or the central governments.  Therefore assuming 

that the procurement cost of the initial construction cost and a half of the replacement cost of 

pump, which was scheduled in 16 years after the initial installation, were subsided, FIRR was 

worked out at 7.0% with the water tariff of Ks 20 per 50gallons.   

On the other hand, Economic Internal Rate of Return (EIRR) was worked out at 5.7 % by 

assuming the following benefits: 

- To reduce water fetching time in dry season and to make a good use of surplus time for 

waged work  

- To increase water consumption due to water charge reduction in dry season. 

- To reduce medical expense because of improvement of hygienic conditions by using 

safe water. 

The results gained by the analysis show that the project is not financially feasible.  However, 

since the project aims at improvement of living conditions in the poor villages by supplying 

safe and sufficient water, the implementation of the project can be justified from the view 

point of Basic Human Need. 



The Study on Water Supply Systems in Mandalay City 
and in the Central Dry Zone  Chapter 3  Study for the Central Dry Zone 
 

 - 59 - 

3.9 Technology Transferred in the Study 

All the field works had been carried out in cooperation with the Study Team and engineering 

staff of DDA.  The status of technology transfer in the Study were as follows: 

(1) Test Well Drilling 

Drilling of 23 test wells was conducted in cooperation with 4 drilling teams of DDA during 

eight months under supervision of two Japanese experts of the Study Team.   A drilling team 

normally consists of one driller head and one assistant driller and three or four supporting 

staff.  The driller heads had about 20 year drilling experiences and showed a high applicable 

performance during the work.  However, it was observed that they needed a basic drilling 

operational technology and also they had not adequate experiences of drilling tube wells of 

over 200 m depth.  Therefore, Japanese expert gave OJT basis trainings about mad mixing, 

drilling speed control suitable to the  ground conditions, well logging, recording of drilling 

column, etc.  Through this training the drillers have mastered applicable skills and 

technologies to be adopted in the fieldwork.  The drillers have also understood difficulties of 

drilling in case depth of the tube well exceeding 200 m in the Study area.   

(2) Hydrogeological Prospecting 

Before the Study started, DDA’s electrical resistivity sounding equipment had deteriorated 

and been out of order for years.  DDA has some talented geologists who have basic 

knowledge about the hydrogeological prospecting technology, they had no chance to apply 

their particular knowledge in the field after the equipment became out of order.  Therefore, 

drilling work had been managed without depending on such survey result, so drilling ended in 

failure sometimes. 

JICA provided a set of electrical resistivity sounding equipment and a set of electromagnetic 

sounding equipment to DDA through this Study.  Electrical resistivity sounding technology 

was transferred through actual survey work, which had been conducted in the entire 110 target 

villages for four months under instruction of two Japanese experts in this Study.  

Electromagnetic sounding technology, which was new to DDA, was also transferred through 

one-month training consisting of lectures and OJT basis fieldwork in 15 villages in four 

Townships, where the underground feature had not been traced so clearly by the electrical 

resistivity survey.  The geologists have mastered how to operate the both equipment and to 

evaluate the survey results through the fieldwork.  DDA is now capable to manage 

hydrogeological prospecting by its self.  DDA has recognized the effectiveness of these 

hydrogeological prospecting technologies and made a plan to expand the survey area to 
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