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PREFACE

In response to a request from the Government of the Union of Myanmar, the
Government of Japan decided to conduct a basic design study on the Project for Rural
Drinking Water Supply in Shan State and entrusted the study to the Japan International
Cooperation Agency (JICA).

JICA sent to Myanmar a study team from September 3 to October 12, 2000.

The team held discussions with the officials concerned of the Government of
Myanmar, and conducted a field survey at the study area. After the team returned to Japan,
further studies were made. Then, a mission was sent to Manmar in order to discuss a draft

basic design, and as this result, the present report was finalized.

| hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

| wish to express my sincere appreciation to the officials concerned of the
Government of the Union of Myanmar for their close cooperation extended to the teams.

March, 2001

Kunihiko Saitoh
President

Japan International Cooperation
Agency



March, 2001
Letter of Transmittal

We are pleased to submit to you the basic design study report on the Project
for Rural Drinking Water Supply in Shan State in the Union of Myanmar.

This study was conducted by the Pacific Consultants International, under a
contract to JICA, during the period from August, 2000 to March, 2001. In conducting the
study, we have examined the feasibility and rationale of the project with due consideration to
the present situation of Myanmar and formulated the most appropriate basic design for the
project under Japan’s grant aid scheme.

Finally, we hope that this report will contribute to further promotion of the
project.

Very truly yours,

Shinichiro Matsumoto
Project Manager,
Basic design study team on the Project for

Rural Drinking Water Supply in Shan State

Pacific Consultants International
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Basic Design Study on the Project for Rural Drinking Water Supply in Shan State

CHAPTER1  BACKGROUND OF THE PROJECT

The Union of Myanmar (hereinafter referred to as ‘Myanmar’) has its territory of a diamond shape
with dimensions of about 2,000 km from north to south, and 700 km from east to west. It is
surrounded by India and Bangladesh in the west, China, Laos and Thailand in the north and the east,
and Bay of Bengal in the southwest. Myanmar covers a land area of 676,500 km® (approximately 1.8
times of Japan) and a population of about 49 million inhabitants in 2000. It is a multiracial nation,
where 70 % of the population is the Burmese majority and the remaining 30 % are ethnic minorities
such as Shan, Kayin, etc.

In this country, due to the delay in establishing water supply facilities and insufficient conditions in
public healthcare, approximately 17,000 thousand children under five years old have been reportedly
died of diarrhea. These conditions would be improved by the consolidation of water supply facilities
and public sanitary conditions. Based on this background, the Government of Myanmar has carried
out a water supply facility development program in cooperation with UNICEF with the objective of
providing access to the safe drinking water to the whole population by 2000. However, the population
can access to the safe drinking water is estimated to be as low as 66% in the whole country, with 60%
in the rural areas and 88% in the urban areas (1997). This means that the aforementioned objective
has not been attained yet. As shown in Fig 1.1.1, it is found that the water supply development in the
mountainous areas of the border has been delayed. Therefore, the task of water supply development
in these areas is considered as very important from now on.

Mandalay

Indicator ;

- A
B <60%
1 >60%

Source: UNICEF

Fig 1.1.1 Rates of Population Possibly Accessing to the Safe Drinking Water
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In view of public healthcare and sanitation, the domestic water supply is considered as the most
important issue in the country. Water supply projects have been implemented since 1952, and the
Water Resources Utilization Department (WRUD) has constructed about 13,200 deep tube wells and
21,300 shallow tube wells respectively with the assistance from various donor agencies such as
UNICETF etc., supplying potable water to 7.9 million inhabitants.

The Shan state situated in the eastern border area is a hilly area with an elevation varying from
1,500m to 2,000m. The state has various difficulties in education, healthcare and sanitation as well as
economic development. Since it has been left under poor public infrastructure and community
services, the security conditions have not been found to be in a proper situation. It has caused a delay
in the water supply development task carried out by WRUD, resulting in the risk of spreading water
borne diseases through the unsafe drinking water. It is considered that about 3.2 million people,
equivalent to three quarters of the whole population, are subjected to the danger of water borne
diseases in this state. Besides, especially in the border areas and the central dry zone where the water
resources are considered scarce, women and children are engaged in taking water by spending a long
time in a day. This situation has also resulted in their poor health conditions.

The tube well construction was commenced just in the early 1990s. Since then 172 deep tube wells
and 70 shallow tube wells have been drilled so far. However, according to UNICEF - WRUD, 1,600
new units of tube wells have to be further constructed in order to supply the potable water to the
whole population in Shan state and this implementation is considered to be an urgent task to be
carried out.

Due to its topographic as well as geological conditions, the groundwater development in the Shan
state is found to be insufficient, being left behind the other areas. WRUD has been in charge of
drilling boreholes in the rural areas. And, rotary table type drilling rigs have been used in the deep
tube well construction in the Shan state. However, the tertiary rocky geology prevailing in the state
requires the rock drilling type, and their rigs of rotary type have been found to be unsuitable for
drilling in these rocky areas. The shortage of spare parts is also considered as a serious problem.

Therefore, in February 2000, the Government of Myanmar requested the Government of Japan to
provide a grant aid of drilling rigs of Down-the-Hole Hammer Drilling (DTH) type which enable
effective drilling in rocky condition, spare parts for the existing rotary type drilling rigs, and
construction equipment for related construction works in order to reinforce the institution of
groundwater development.

The content of the original request from the Government of Myanmar includes the provision of the
equipment and spare parts as mentioned below:

(1) Truck Mounted Water Well Drilling Rig for Depth of 300 - 150 m

- 4 x 4 heavy duty truck mounted water well drilling rig 2 units
- 4 x 4 heavy duty truck mounted high pressure air compressor
for air flush/DTH drilling 2 units
- Drilling tools and accessories for direct rotary drilling
for 200 m depth with 10-5/8” to 6-1/2” borehole 2 sets
- Spare parts for the above equipment 2 lots
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(2) Spare Parts for Existing TRD-300 Drilling Units (5 units)

- Spare parts for TRD-300 drilling units 1 lot
- Spare parts for NAS-5H pump units 1 lot
- Spare parts for mounting truck 1 lot
- Spare parts for drilling accessories 1 lot

(3) Supporting Equipment for Groundwater Development and Portable Water Supply

- Bulldozer, 130 HP 1 unit
- Wheel loader, 150 HP, 2.5 m’ bucket 1 unit
- Motor grader, 155 HP, 3.6 m blade, scarffire 1 unit
- Hydraulic excavator, wheel type, 105 HP, 0.4 m’ bucket 1 unit
- Vibration roller, wheel type, 6t 1 unit
- Steel bridge, TEC3,40t,26 mx 4 m 5 units

- Mobile workshop for emergency services in drilling
and construction 1 unit
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CHAPTER 2 CONTENTS OF THE PROJECT

2.1 Objectives of the Project

Myanmar’s rural people access to safe water is estimated to be as low as 60 % in comparison with
88% of urban people (1997). Therefore, the rural water supply is the most important issue in view of
improvement of health and sanitary conditions.

The objective of the Project is to support the Government of Myanmar through provision of drilling
rigs and other related equipment for groundwater development in Shan State, in order to improve the
living conditions of rural people.

2.2 Basic Concept of the Project
2.2.1 General

This Project (The Project for Rural Drinking Water Supply in Shan State) is within the frame work of
the plan “Safe Drinking Water Supply Programmes for the Year 2001-2005” of Water Resources
Utilization Department (WRUD), Ministry of Agriculture and Irrigation. The equipment procured by
the Project will be used for tube wells, which are planned for Shan State in the above-mentioned
WRUD Five (5) Year Plan.

Table 2.2.1 shows the summary of Project’s activities, indicators for verifying Project’s performance,
means of verification, and the assumptions for obtaining the envisaged effects of the Project.

Table 2.2.1 Project Design Matrix

Narrative Summary Objectively Verifiable Indicators Means of Verification Important Assumptions
Overall Goal
1. Improvement of health and sanitary 1. Rural water supply rate « Statistical yearbook + Continuation of rural water supply|
conditions of rural people in Shan State |2 Infection rate of water-borne diseases | - Monitoring report of UNICEF and| development policies
2. Decrease of infection rate of water-borne|3. Infant mortality rate Ministry of Health
diseases and Infant mortality rate
Project Purpose
1. Supplement of safe water for rural people|l. Water quality and number of « Water quality test + Continual secured of rural water
in Shan State beneficiaries - WRUD's report and monitoring development budget of the WRUD
+ Daily, monthly and annual reports| + Continuation of the political
for operation and maintenance situation stability
Outputs
1. Construction of 50 shallow tube wells and|1. Number of well construction + WRUD's report and yearbook - Budget allocation for rural water
250 deep tube wells 2. Success rate + Monitoring supply in Shan state by WRUD
2. Improvement of well's success rate 3. Number of skilled operator for + Continuation of UNICEF’s
geophysical survey assistance
3. Improvement of geophysical survey
techniques for ground water
Activities INPUTS + Well construction in Shan state will
1. Study of appropriate procurement plan for|Japanese Side Manmar Side be carried out by the equipment of]
well drilling equipment 1. Provision of well drilling rigs 1. Establishment of WRUD/Lashio| Japan’s Grant Aid
2. Study of appropriate procurement plan for|2. Provision of supporting equipment district office + Understanding and cooperation of
geophysical survey equipment the habitant in the project area
3. Provision of geophysical survey and 2. Organization of geophysical survey |Pre-conditions
water quality analysis equipment team for Shan state + Budget action to be covered by the
3. Technical transfer for geophysical survey|4. Dispatch of geophysical survey expert. 3. Investment of Myanmar’s Myanmar side.
by soft component (1 person x 2.0 month) possessing equipment + Authorization for the Japanese staff
entry and permission of stay in
Myanmar
4.Inprovement of access route + Execution of all custom and tax to|
(railway underpass near Thipaw) the equipment supplied by the|
Project
+ Acquisition of number plate for
vehicles supplied by the Project
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2.2.2  WRUD’s Safe Drinking Water Supply Programme in Shan State

Number of drilling wells and well drilling plan confirmed by Myanmar side is summarized in Table
2.2.2. Number of drilling wells in the Shan state is shown in Table 2.2.3. These numbers are quoted
from the WRUD Safe Drinking Water Supply Programme for the Year 2001-2005. Appropriate
numbers of equipment required for this Project were estimated based on the number of drilling wells
in the Northern Shan.

Table 2.2.3 WRUD’s Safe Drinking Water Supply Programme in Shan State

Region Programme Shallow well Deep well Total
UNICEF+WRUD 50 170 220
Northern Shan WRUD Only 0 80 80
Sub-total 50 250 300
UNICEF+WRUD 150 0 150
Southern Shan WRUD Only 0 90 90
Sub-total 150 90 240
UNICEF+WRUD 200 170 370
Total WRUD Only 0 170 170
Total 200 340 540

Source: WRUD

An annual well drilling programme will be presumed as shown in Table 2.2.4 because requested
equipment can be available for use from the fiscal year 2002. Using JICA groundwater development
design manual, required number of drilling rigs for each year are calculated as shown below.

Table 2.2.4 Annual Well Drilling Programme in Shan State

Item 2001 2002 2003 2004 2005 Total
Northern STW 50 0 0 0 0 50
Shan DTW 0 60 60 65 65 250
Southern STW 0 40 40 35 35 150
Shan DTW 0 0 0 45 45 90
Number of annual drilling wells (AW) 50 100 100 145 145 540
Success rate (SR) 0.8 0.8 0.8 0.8 0.8
Annual possible drilling days (AD) 270 270 270 270 270
Required drilling days for 1 well (SD) 10 10 10 10 10
Required number of drilling rigs (RR) 2.14 4.30 4.30 6.23 6.23

Rig ® | Existing rig: TRD-300S

Rig @ | Existing rig: TRD-300S

Rig ® | Requested rig

Rig @ | Requested rig
Rig ® '_'_'_'_'_'_'_'_'7'_'_'_'_'_'_'_::
Rig® | | | PR mmmmmmmnn-

Note 1) Required number of drilling rigs (RR)=(AW x (SD+(1-SR) x (SD-2)))/AD

Note 2)  Annual possible drilling period = 9 months (270 days)

Note 3) Required drilling days for 1 well= Transportation (2 days) +Preparation (2 days) +Drilling (5 days)
+Dismantling (1day)
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Table 2.2.2 Well Drilling Programmes for Shan State

Numb“i;’f Wells UNICEF DAP WRUD
Request Letter 5 Year Plan 5 Year Plan 5 Year Plan
WRUD WRUD
Township DTW (STW+DTW) UNICEF/WRUD only Total UNICEF/WRUD only Total
STW DTW DTW STW DTW DTW

Northern 1. Lashio 25 0
Shan 2. Theinni 15 18

3. Kutkaing 25 10

4. Muse 10 16

5. Kongyan 10 0

6. Namkan 10 9

7. Kunlong 10 9

8. Hopang 10 3

9. Thipaw 20 28

Sub-total 135 93

Others 70 29

Sub-total 205 122 50 170 80 300
Southern Shan not clear 117 ....................................... 150 0 90 240
Eastern Shan not clear 62 ............................................. 0 0 0 0
Total 1600 268 200 80 80 360 200 170 170 540
Remarks In request letter, it is Extracts from "Proposed |Formal Project Name: Proposed Drinking Water  |Formal Project Name: Proposed Safe Drinking

mentiond that 135 deep Area Focused Townships |Supply Programmes for Universal Coverage by the Water Supply Programmes for the Year 2001-2005

tubewells for 9 townships  |for 2001 to 2005 by Year 2005

and 1,600 deep tube wells  [State/ Division"

for Shan State shall be

required
Sources UNICEF DAP WRUD
Note) STW: Shallow tubewell, DTW: Deep tubewell
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2.23

Conditions of Deep Tube Wells in Northern Shan

WRUD had constructed the following twenty (20) deep wells in Northern Shan as shown in Table
2.2.5. Average drilling depth, average static water level and average yield are 72 m, 12 m and 210
1/min, respectively. Considering the conditions of existing wells, the type and number of well drilling
equipment were studied.

Table 2.2.5 Conditions of Existing Deep Wells in Northern Shan

No. | Township Well Well Drilling Depth (feet) Water Level (feet) Yield
Location No. Soil Rock Total Static | Dynamic | (gph)
Layer Layer
1 [Lashio Lashio College 8017 72 328 400 95 187 2,000
2 " Hot Spring Resort 8018 35 285 320 15 130 6,000
3 " No(5) Artillery 8019 435 440 27 150 3,000
4 " Monastery 8020 210 215 0 140 1,500
5 " Rehabilitation Center 8021 50 145 195 60 106 2,000
6 " AMD (56) 8022 65 130 195 - - -
7 |Kutkhing |No.(241)Regiment 8023 45 55 100 54 59 4,000
8 " M.I (23) 8024 40 110 150 92 138 2,000
9 " Hospital 8025 30 85 115 50 62 2,000
10 " M.C.C.A 8026 20 60 80 37 49 2,000
11 [Theinni No.(240)Regiment 8027 30 70 100 43 66 2,500
12 |Lashio Railway Station 8028 25 90 115 18 40 1,700
13 " Lashio Motel 8029 45 290 335 20 112 1,500
14 " Service Quarter 8030 26 462 488 65 180 1,500
15 " Hotel &Tourism 8031 21 317 338 12 91 1,500
16 " Hq. For NEC 8032 30 310 340 33 194 1,800
17 " Military (41) 8033 25 150 175 50 142 2,000
18 " Golf Club 8034 40 50 90 35 57 4,500
19 [Naungcho [Farm 8039 128 272 400 10 200 2,000
20 " Farm 8040 48 102 150 12 60 9,000
39.3 197.8 237.1 383 113.8 2,763
Average (feet) (feet) (feet) (feet) (feet) (g/h)
12.0 60.3 72.2 11.7 34.7 209
(m) (m) (m) (m) (m) (1/min)
Source: WRUD
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2.2.4  Existing Equipment of Groundwater Division in WRUD

Even though many heavy construction machines are available within the Ministry of Agriculture and
Irrigation, and other departments, these machines are rent internally among themselves only in a few
cases. Therefore, necessity of equipment requested was studied in consideration with existing
equipment of the Groundwater Division in WRUD as shown in Table 2.2.6.

Table 2.2.6 Existing Equipment of Groundwater Division in WRUD

No. Equipment Number Remark
RN RP Total
1 Drilling rig 22 8 30 Overage
2 H.P. air compressor 2 0 0 Overage
3 L.P. air compressor 20 12 32 Overage
4 Cargo truck with crane 7 0 7 Lack of number
5 Water tanker 15 5 20 Overage (1979)
6 Pick-up truck 0 0 0
7 Station wagon 10 0 10 Overage
8 Mobile workshop 0 0 0
9 Electromagnetic survey equipment 0 0 0
10 Resistivity survey equipment 2 2 4
11 Borehole logging equipment 2 18 20 Overage
12 Portable water quality test equipment 0 10 10 Repairable
13 Bulldozer 2 0 2 Donated by KR2
14 Trailer truck 0 0 0
15 Wheel loader 0 0 0
16 Excavator 2 0 2 Donated by KR2
Source: WRUD Note: RN: running RP: repairable
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2.2.5 Confirmed Contents of the Request

Alterations regarding the contents of the request from Myanmar side were made at three stages. First
alteration was made at the Minutes of Discussion dated September 15, 2000, second one was made
through WRUD’s letter dated October 9, 2000 at the end of the field survey and third one was made
at the Minutes of Discussion on explanation of draft final report dated December 15, 2000.

(1) Minutes of Discussion

Contents of the Minutes of Discussions is attached in Appendix IV and main alterations of the
request are as follows:

Withdrawal of the Request
In consequence of discussion with WRUD about rural conditions and purpose of machinery and

considering that the objective of this project is construction of wells and not construction of access
roads, the following equipment were withdrawn from the request as shown in the Table 2.2.7.

Table 2.2.7 Withdrawn Equipment

Equipment Specification Quantity Using-purpose
Motor grader 155HP, 3.6 m blade 1 Road construction
Vibration roller Wheel type, 6 ton 1 Road construction
Steel bridge TEC3, 40 ton, 26 mx 4 m 5 Bridge construction

Alteration of Quantities of Spare Parts for Existing TRD-300S Drilling Rigs

Quantities of spare parts for existing TRD-300S drilling rigs were changed from 5 sets to 2 sets
because the requested spare parts were for rigs allocated to the Shan State only.

Additional Equipment

The following equipment was additionally requested by WRUD. In the additionally requested
equipment, Water tanker, Cargo truck with crane and borehole logging equipment shall be
indispensable for well construction works and construction material transportation. Pick-up truck,
electromagnetic survey equipment and resistivity survey equipment will be used for groundwater
survey, and transportation of related staff and equipment to improve the success rate of well
construction and the efficiency of groundwater development programme.

Table 2.2.8  Additional Equipment

No. Item Quantity Purpose
1 Water tanker 2 Rotary mud drilling and well construction
2 | Cargo truck with crane 1 Transportation of drilling equipment
3 | Pick-up truck (Double cab) 2 Transportation of drilling crew
4 | Electromagnetic survey equipment 1 Effective groundwater investigation
5 | Resistivity survey equipment 1 Effective groundwater investigation
6 | Borehole logging equipment 2 Borehole logging test
7 | Portable water quality test equipment 2 Water quality test

Project Area, Commissioning Site and Handing Over Site

After discussion with WRUD, the following matters were confirmed;
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® The Project sites are located in the Shan State
® Commissioning will be conducted in WRUD’s Meiktila Workshop
® All equipments will be handed over at WRUD’s Meiktila Workshop

(2) WRUD’s Letter

The Consultant received a letter from WRUD, attached in Appendix V, regarding the alteration of
contents. The following items were requested in addition to those recorded in the Minutes of

Discussions.
Table 2.2.9 Additional Request in WRUD’s Letter
. Number Number in Letter
No Equipment in M/D | Additional New Total Reasons
1 | Water tanker 2 2 4 For existing rigs
2 | Cargo truck with crane 1 3 4 Lack of equipment
3 | Pick-up truck (Double cab) 2 1 3 Lack of equipment
4 | Electromagnetic survey equipment 1 1 2 For effective survey
5 | Resistivity survey equipment 1 1 2 For effective survey
6 | Borehole logging equipment 2 2 4 Lack of equipment
7 | Low pressure air compressor 4 4 For well development
8 | Station wagon 1 1 Authority inspection
9 | Trailer truck 1 1 Transportation of bulldozer
10 | Drilling bits for TRD-300S 2 2 Lack of bits

(3) Minutes of Discussions on Explanation of Draft Final Report

Contents of the Minutes of Discussions on explanation of draft final report is attached in Appendix
VI. Main alterations of the request are summarized in Table 2.2.10.

Table 2.2.10 Alteration of Quantities and Specifications
Equipment Before Alteration After Alteration
Q’ty Specification Q’ty Specification Remarks
High pressure 2 750 cfm 1 750 cfm
air compressor 1 600 cfm for saving of fuel
consumption
Water tanker 4 2 WRUD’s offer
Cargo truck 4 4x4 driven, 2 6x6 driven, for transportation of long
with crane length of bed: 4.5m over length of bed: 6.0 m over heavy materials
2 4x2 driven, for transportation of long
length of bed: 6.0 m over materials from Yangon to
Lashio
Portable water 2 20 analysis items 2 10 analysis items for coordination with
quality test WRUD/UNICEEF standard
equipment
“4) Sequence of alteration of Contents of Request

Sequence of alteration made in the contents of request and WRUD’s priority is summarized in Table

2.2.11.
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Table 2.2.11

Sequence of Alteration made in the Contents of WRUD's Request

Quantity of Request Quantity Alteration of
[tem . Request Field Survey WI.{U.DIS on Reques.t on
No. Equipment Letter M/D WRUD's Priority D'raﬂ Expla.natson of -
Letter Final Draft Final Report Equipment Capacity/Specification
2000/2/1 | 2000/9/15 | 2000/10/9 | 2000/10/9 Report 2000/12/15
1) 4x4 truck mounted, left handle steering
A.1 |Drilling rig 2 2 2 A 2 none | Drilling rig 2) Drilling capacity: 200m with 4-3/4" drill pipe
3 Top drive lype, DTH direct air/ mud circulation type
1) 4x4 truck mounted, left handie steering
2) Pressure: less than 21.1kg/em?® (300psi)
Capacity of 3) Discharge: less than 21.2m’/min (750cfm)
A.2 |High pressure gir compressor 2 2 2 A 2 discharge of 1unit 1} 4x4 truck mounted, left handle steering
( less than 600cfm 2) Pressure: less than ]4.1kg/cmz (200psi)
3) Discharge: iess than 14.2m’*/min (500ctm)
4) Engine power: less than 200PS
A3 [Drilling tools 2 2 2 A 2 none 1) Standard accessories for DTH, drilling bits and tools
2} Well deveiopment tools
A4 |Low pressure air compressor 4 ne-w 2x A 5 noRe . 1 Slfid type. 2) Pressure: less than 7.0kg/em? (100psi)
exi. (2): C4 21T COmpressor 3) Discharge: less than 8.5m/min {300cfm)
A.5 |Mobile warkshop i 1 i A 1 none Mobile workshop 1) 3ton C}'ane, Ax4 truck mo1'.1nted, k_:ﬂ hand.]c steering
2) Electric welder, gas welding/culting equipment and compressor
. Cut on quantit .
A.6 | Water tanker 2 4 new (2 A 4 (from 4?][1“5 toy Water tanker 1) 4x4 truck mounted, left handle siecring
exi. (2): C5 2units) 2) Water capacity: not less than 6,000 lilers
Cargo truck with 1) 5 ton crane, 6x6 truck mounted, left handle steering, 2) Length
A7 |Cargo truck with crane 1 4 ne-w @xA 4 Wheel drive and crane: Type-A. of bed: not less than 6.0m, 3) Load capacity: not less than 10ton
exi. (2): C7 tength of bed Cargo truck with 1) 3 ton crane, 4x2 truck mounted, left handie sieering, 2) Length
crane: Type-B of bed: not less than 6.0m, 3) Load capacity: not Jess than 10ton
A8 |Pick-up track 5 3 A 3 none Pick-up truck 1) dxd driven,.left handle steering, double cab,
2) Load capacity: not less than 0.5ton
AD Ele(ftromagnclic survey ; 2 A 2 nome Elcctromag.netic 1} Survey depth: 300m
equipment survey equipment
A0 |Resistivity survey equipment 1 Z A 2 none RGS}SHV][}‘ survey 1) Survey depth: 300m
cquipment
Adl Borlchola iogging | 4 new {2): A 2 none 1} Survey depth: 200m,  2) Relative resistance,
equipment exi. (2): B natural electric potential, gamma layer evaluation
AL ]’orl_ablc water quality test - 5 2 A 5 Addillion of Porlable. water quality 1) Handy type
equipment arsenic test equipment 2) Analysis item: 10 items including coliform and arsenic
A.13 |Bullidozer 1 1 1 cz 0 o ' : : :
A4 {Wheel loader 1 i 1 C3 0
A.15 |Excavator 1 Co 0
A.16 |Trailer truck 1 Cl 0
A.17 |Station wagen 1 A 0 r Withdrawal of Request
A.18 |Motor prader 1
A.19 |Vibraticn roller 1
A20 [Steel bridge 1 SR . . L . L R
B.1 Spare parts for TRD-3003 5 2 2 noRE SParc parts a‘nd d.rlllmg [1) Spare parts and drilling bits for 2 units of TRD-3003
" |Drilling bits for TRD-3008 2 B 2 bits for existing rig

Note)

Rank of priority : A>B>C7>C6>CS>C4>L3>C2>C1
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2.2.6  Selection of Equipment to be Supplied by the Government of Japan

Based on the above-mentioned basic concept and results of discussion with WRUD, equipment to be
supplied by the Government of Japan for the Project were studied by the Consultant as shown in
Tables 2.2.12 and 2.2.13, The following equipment and the respective quantity were selected as the
final equipment to be supplied by the Government of Japan for the Project. Its distribution plan is
shown in Fig.2.2.1.

Item No. Equipment Quantity
Al Drilling Rig : 2 units
A2.1 High Pressure Air Compressor Type-A : 1 unit
A22 High Pressure Air Compressor Type-B : 1 unit
A3 Drilling Tools : 2 units
A4 Low Pressure Air Compressor : 2 units
A5 Mobile Workshop : 1 unit
A.6 Water Tanker : 2 units
A7.1 Cargo Truck with Crane Type-A : 2 units
A7.2 Cargo Truck with Crane Type-B : 2 units
A8 Pick-up Truck : 3 units
A9 Electromagnetic Survey Equipment : 2 units
A.10 Resistivity Survey Equipment : 2 units
A1l Borehole Logging Equipment : 2 units
A.12 Portable Water Quality Test Equipment : 2 units
B.1 Spare Parts and Drilling Bits for 2 Units of TRD-300S : 1 set
Final Report
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Table 2.2.12

Priority by Japanese Side for the Equipment

- . Priority on he view of Priority on the view of .
frem ltem T Rumder | prioityontheviewof | Tp g omeat Holdin Technieal Capacit Priority of Remark
No. equest S | MNocessity for the Project quip e -apacity WRUD Side arxs b
Letter Letter in WRUD of WRUD's Staff 5
Al |Drilling rig 2 2 A A B Since main drilling target is hard limestone layer, drilling
- - [0 is mecasmary Tor dritting of hard rock | WRUD has not a driiing rig with|Saff of WRUD have no experience in A rig facilitating DTH shall be required
A2 Ht.gh. pressure air COmpIessor 2 2 layer in Northern Shan top head drive rotary type and | D'TH drilling but have excellent drilling
A3 |Drilling tools 2 DTH 1ype technics
A B A A: 2 units fornew rigs Existing rigs ¢an use its mounted compresser for well
A4 |Low pressure air compressor 4 It is noecssary for well developmest | No holdings for new drilling |Staff of WRUD have experience in using ) o |development
aficr drilling tigs compresser C4: 2 units for existing rigs
A A A Since thers 15 o focal repair shop in Novthern Shan,
AS  |Mobile workshop 1 There acc many variaus accidents of | No holdings Staff of WRUD have expericnee in A mabite workshop shall be sequired
drilling rigs and related equipment in workshop
decp well construction
A A A A 2 units for new rigs Since new rips will be used in hitly area having few
A6 [Water tanker 4 I+ is necessary for sotary md drilling | No holdings for new drilling [Staff of WRUD have experienct in . T surfaee water, water tanker for new rigs shall be more
rigs operai C5: 2 units for existing rigs Jrequired than existing rigs which are used in lowlands
) A A A A:; 2 units for now rigs For tmnspnrla}ion of heavy drilling 1ools and matertals,
A7 |Cargo truck with crane 4 Tt is noccssary for transporiation af | No holdings for new drilling [Staff of WRUD have expericnee in i R truck with erang shall be tequired
heavy drilling tools and materials sigs oparation C7: 2 units for existing rigs
. A A A Since WRUD has no pick-up truck, it shall be tequired
AR |Pick-up trock 3 It is nccessary for transperfation of [ No holdings Staff of WRUD have experience in A
crew and cquipment opcrali
Electromagnelic . A A B Sincc WRUD's geophysical survey lcam is not yel
A9 7 2 It is necessary for groundwater No holdings Staff of WRUD have no expericnee but A established, priorily of second one has evaluated as of BS
survey equipment - X N .
cxploration in hard rock layer their endewmenis are high Tank
o ) A B A Since priority of resistivity survey is less than
A10 | Resislivity survey equipment Z It is neccssary for groundwater Holding of 2units of old type [Staff of WRUD have experience in A clectromagnztic survey cquipment in the Project arca,
exploration in alluvium (made in Sweden) operation priority of scoond one has evaluated as of B4 rank
. . A A A A 2 units for new rips_ | Well development works for 4 units of drilling rigs
A11  |Borehole logging equipment 4 It is necessary for designing a casing. | Holding of Zunits of old type |Staff of WRUD have cxperience in . T 7 [including existing rigs can be correspanded by 2 unils of
progremme (1980) - operation B: 2 units for existing rigs (norchole logging cquipment
Potable water quality . A - . A A Since WRIUD has no portable water quality tost
Al2 . 2 It is necessary for safe drinking water | No heldings S1aff of WRUD have expericnee in A cyuipment, it shall be required
. 1est equipment supply :
C C A Sincc low frequency of usc and 2 enits holdings in
A.13  |Bulldozer 1 1 On the vicw of the mehility, it is not 30| Holding of Zunits Staft of WRUD have expericnee in C2 WRUD, priarity of ulldozer has cvaluated as low rank as
necessary for the Project (madc in Japan:1998 by operation Lor]
C A A Since almost of proposed <riiling siles are focated
A.14 | Wheel Loader 1 1 As low froquency in use, itisnaso  [No holdings Staff of WRUD have experience in C3 along/ncar main 1cads, s frequency of use is very low
nceessary for the Project oporation
. C A §is frequency of use for construction of approach road is
A.15 |Excavator 1 1 It is more necessary than wheel loader |Holding of 2units Staff of WRUD have cxpericnce in Cé lpw but excavaior can usc ather civil works such as
for Lhe Project (made n Japan:1998 by operation excavation of mud pit and canal
A . C A A Since trailer truck usc only transpartation of bulidozer, ils
.16 |Trailer truck 1 As low Frequency in use, itisnos0 | No holdings Siaff of WRUD have cxpericnce in Cl priority is the Towgst rank (C1) of all equipment
necessary for the Project operation
. ] D C A Since its ulilization is fimited valy to the inspection by
A.17 [Station wagon 1 On the view of fapanesc Grant Aid, it |Ho!ding of 10 vebicles Staff of WRUD have expericnce in A high level authority, station wagen shall be excluded from
is not so necessary for the Project operation the Project
Spare parts B A A Since hard limestonc layer are widely distributed in
for existing rig 5 2 Existing 1igs ars limited to usc in No holdings 'WRUD's capacily of operation and B Northem Shan, rotary s dilling points are Tess than
B.1 retary mud drilling meintenance for drilling rigs is excellent central dry zone. Therefore, prierity of spare parts and
Drilling bits — B A } A drilling bits for TRD-300S has evaluated us of BY rank
P Z Existing rigs arc limited to usc in [No holdings 'WRUD's capacily of aperation and B
for existing rig e . P
L rotary mud drilling toaintenance for drilling rigs is cxccllent
Folo:  Rank of Prionity by Japanese Side: A > B 7 >B 6 >B 5 >B4>B3>B2~>B >Cd4>C3>C2>C1
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Table 2.2.13

Results of Selection of Equipment

Tiem No. Ttem Purpose Capacily/Specification }}';I::]I:r:r::); Rc?:’:;z:ﬂgbcr I:;:;:::i ;l):!c Reasons
Well drilling in 1) 44 tyuck maunted, teft handle sieering According to the WRUD, 250 deep wells are planned in Northem Shan region. Considering drilling capacity of WRUD's past
hard ock Jayer 2) Drilling capacky: 200m with 4-34drill gipe 2 A ::,:?:i (24 wf:l‘ljl'flg.'y:arz’. u.wﬂl be necessary more than 10 years to complete of the project, Thezefore, two (2) drilling rips
3) Top drive type, DTH dicect airfmud sirculation tyge @ required for the Frojeet
DTH hammer drilling 1) 4xd teuck mounted, left handle sicering New drilling rigs should be required a high pressuee compressor far DTH drilling. Capacity of compressar were selected 2
2) Pressurc: Zl.lkn,’rmt (300ps) 'lypts.lC_m\:idcring l“hc intm.ducliun of power pumps, a high pressure compressor type-A shall be required 750cfm of discharge
3) Discharge: 21,200 i (750cEm) for drilling of 8-5/8" hole diameter.
DTH hammez drilling 1) 4x4 Irvek mounied, left handle steering 2 A Considoring the saving of fucl expenses, a high pressure compressor type-B shall be required 3tcfm of discharge and shall be
for less than 6-1/4" 2) Pressure: 14. 1 knfenn? (200psi Tirnitedd 1o drill less than 6-1/4" hole diameter.
hole diamcler 3) Discharpe: 14.2:%min (500cfm)
4) Engine power: |ess than 200PS
" 1) Drilling bits and Lools, well devel toals and others 2 A For cach now drilling vig
: Well development 1) Trailer mounied A: 2units (N) Low pr.«.-{'wm.air compressor is neccssary for well development. Twa (2) Tow pressure air compressors shall be peocured for
2} Prossure: 7.0ky/ce (100psi 4 nes dhrilling zigs.
3) Discharge: B.5av'/min (300cfm) i D; 2units (E)
: Repair of 1) 4x4 driven , with 3ton crang, left hande steering g‘, For ponding to vazious accidents of driliing rigs and related equipment, anc (1) mebile workshep shall be required for the
cquipmenl 2} Efvetrie welder, gas welding/cutling t:’ 1 A Project.
cquipment and air compressor 5
Rolary mud drilling 1) x4 driven, teft handle stecring A 2units (N) W‘alf:r lax}ku’ is necessary for rolary mud drilling and washing of equipment, Twe (2) water tankers shall be procured for new
2} Waler capacity: not less than 6,000 liter 4 drilling rigs.
B2: 2unils (E)
Transportaiion of heavy 1) 6x6 driven, left handle stecring, Jton crane For leansportation of heavy drilfing lobls, 626 cargo truck wilh 3 tans crane shali be required. 7w (2) uRiLS as SamE A request
dritfing equipment 2) Lrad capacily: siet less thas 10 tons from WRUD.
3) Lenpgth of bedi not loss tham 6.0m 4 A : 2units (N)
Transportaticn of UNICEFs | 1) 4x2 driven, left handle stecring, 31an crane B3: Zunits (E) For transportalion of UNICEFs PVC casing and others from Yangon to Lashic, 4x2 cargo truck with 3 tons cranc shall be
PVC casing and ather 2) Load eapacity: not Jess than 6 tons requircd. twn {2) units ns same a5 request from WRUID.
3} Lenpth of bed: nat less than 6.0m
‘Teansporiation af 1) dxdieiven, Jeft kandle steering, double cah. 3 A: 2units For-lramporlminn of crew and equipment, pick-up teuck shal! be sequired. Tiree (3} pick-up trucks shall be procured for the
crow and 2) Charge eapacity: 0.5ton over Bé: lunit Project as samc as request from WRUD
G Iy survey 1} Survey depth; 300m A: Tonit Electromagnelic survey _cquipmm\l f'hall be required for gmupd\valcr expleration in hard mcl_& layer, Cansidering the area of
(for fissure) 2) Freguencies: 10 sieps {110Hz ta 56,320Hz) 2 Morthern Shan and receiving capacity of WRUD, twa (2) units shatl be pracured for the Praject as same as request from
B5: lunit WRUD.
Groundwater survey 1) Survey depih: 3t%m A: Lunit Rcsislivi.ly-survny u}nipmml shall be ruquinx.i {or groundswater exploration ir! alkivium, Considering e area of Narthern Shan
(For zllwvium) 2) Measuting ranges 10V [o 414V 2 " and recoiving capacity of WRUD, two (2) unils shall be procured {or the Project a5 same as roquest from WRUD.
B4; lunit
Borehnle logging 1) Survey tepth: 200m A: 2unifs {N} For confirming the precise section of aquifers for dosigning a casing programme afier completion of dritiiag, borehole lopging
test 2) Relative sesfstance, natoral clogtric 4 B1: 2units (E) cquipment shall be required. Two (2) enits shall be procured for the Praject.
potential, gamma layer
Water quality Lesl 1) Handy type For saf¢ drinking water supply project, water qualily 1es1 equipment shall be required, Considering the azea of Northemn Shan
i fetd 2 Aualysis e 10 s incling ciform and aseni 2 A and receiving capacity of WRUD, two (2) units shall be procured for Lhe Project as same as request from WRUD.
A3 | Bulidazer Approach road 1} 80HP 0 1 c2 Censidoring low ity of equipment, bulkdezer shall be ded from the Project,
Ald Wheel loader Appraach road 1} 85HP 0 1 3 Considering jow necessily of squipment, wheel loader shall be excluded from the Project.
2) Buckel capacity: 1.3m*
AtS Excavalor Appeoach road and 1) Wheel Lypc, 80HF 0 1 c4 Considering low necessity of cquip shall be from the Project.
well construdlinn 2} Buckel capacity: fdm’
Alg Trailee wruck Transporiation of 1320 ton o i cl Consideting law necessity of equipment, traffer lruck shali be excluded from the Praject.
A7 Stasion wagon High level authority 1) 4x4 driven, lcfi handle stecring 0 1 ‘D Considering low necessity of equipmenl, stalion wagen shall be excloded frem the Project.
inspection
Ratary sud drilting 1} for TRD-3005 ) B7 Pay providing the spare paris and drilling bits, it will be possible 16 use the existing drilting rig (TRD-3008) for mare lhan 3
years. Spare parts and drilling bits for 2 unils of existing drifling rigs, which will be used in Northern Shan, shall be procured
Rotary mud drilling 1) for TRD-3008 2 B7 for the Projoct.

N: New drilling rig, E: Existing driliing 1ig
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Basic Design Study on the Project for Rural Drinking Water Supply in Shan State

2.3 Basic Design
2.3.1 Design Concept
(1) Natural Conditions

Climate

The climate in the Shan state is categorized as tropical climate, which is characterized with rainy
season (May to October) and dry season (November to April). The average annual rainfall is about
1,300 mm and 87 % of annual rainfall is concentrated in the rainy season.

Table 2.3.1 Climate Conditions in Lashio
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean temperature (C) 23 26 30 32 31 29 28 28 29 28 25 23
Mean monthly rainfall (mm) 2 8 14 570 131 199| 210| 249| 205| 142 73 9
Dry/rainy season Dry season (163mm) Wet season (1,136mm) Dry

Source: WRUD

Geology
Since hard limestone/granite layer are widely distributed in Northern Shan region as shown in Fig.

2.3.1, the drilling rig shall be of the top head drive rotary type, capable of facilitating DTH hammer
drilling. In case of the development of groundwater in fissure, average and maximum depth of wells
will be presumed as 70-100m and 200m, respectively. Therefore, the rig shall be capable of 200m
depth with 4-3/4” drill pipe. Since groundwater explorations have scarcely been conducted in Shan
State, essential geophysical survey shall be required. On the other hand, existing mud rotary drilling
rig (TRD-300S) can be used to develop groundwater in alluvium along the main rivers.

(2) Social Conditions

Water User Association and Water Charge

As rural water supply system by deep tube wells in Shan State is underdeveloped in comparison with
central dry zone, water user associations and water charge systems also are less functional in Shan
State. However, conditions of existing water supply system (dug wells and public hydrants using
spring water) are well maintained by volunteers due to their own efforts. Considering well-organized
rural communities and townships, tube wells with handpump promoted by WRUD will be operated
and maintained by rural communities.

Main Road

The road network in Northern Shan is shown in Fig. 2.3.2. Main road of this area is the national road
route 3 (Mandalay-Lashio-Muse) which is called as “Burmese Road”. This road is maintained by a
private enterprise (Asia World Company Ltd.) which had established four (4) toll gates at Lashio,
Theinni, Kutkaing and Maing Yu. The toll rate at each gate is shown in Table 2.3.2.

Table 2.3.2  Toll Rates at Each Station along National Route 3

No. Category Rates (Kyat)
1 Small Cars (under 1IMT) 100
2 Medium Cars (between 1 MT and 2-3/4 MT) 300
3 Passenger Cars (large) 500
4 Truck (up to 10 MT) 1,000
5 Large Truck (up to 20 MT) 2,000

Source: Asia World Company Ltd.
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Basic Design Study on the Project for Rural Drinking Water Supply in Shan State

Since the route 3 has relatively good pavement, it is possible to transport the Project Equipment in
rainy seasons. But there are many narrow sections, curves and overage bridges. Especially, the
clearance of the railway underpass between Kyaukme and Thipaw is less than 3.6m as shown in
Photo 2.3.1 and truck mounted drilling rigs, truck mounted high pressure air compressors and cargo
trucks with crane cannot pass through the railway underpass. It is undesirable to dismantle mast from
drilling rig and crane from truck when passing through the railway underpass, mechanically.
Therefore, it seems to be better to improve underpass or take/make a detour.

| PilyOtO 2.3.1 kaifway Undzrpass ‘ Photo .2 iisllps at Route 340‘

Route 34 branched from Theinni of the Route 3 to Kunlong is also maintained by Asia World
Company. However, transportation in rainy season shall be dangerous because of many narrow
sections and landslips in mountainous areas as shown in Photo 2.3.2.

Rural Road
Density of rural road network in Northern Shan is very low as shown in Fig. 2.3.2. Almost all of the
rural roads are unpaved and made up of uncovered lateritic soil. Therefore, 4x4 driven vehicle cannot
be used for transport in rainy season. This Project should be promoted in line with improvement of
rural roads.

(3) Construction Conditions and Utilization of Local Contractors

For protection of foreign currency reserves, there are many restrictions on imported goods in
Myanmar. Import quantities of vehicles and construction heavy machines also have been limited
since 1997. Though, tariff rate is lower than before, license for the import merchant is severely
controlled by government. Therefore, there is no local agent for drilling rig maker. For the present,
after sales services for equipment procured by the Project shall be depended on their suppliers.

Unloading port in Myanmar shall be Yangon port which is a river port, and capacity of quay is less
than 12,000 ton class. Shipping from Y okohama to Yangon shall require three (3) weeks and custom
clearance may take 2 or 3 days. Therefore, transportation from Yokohama to Meiktila shall take at
least 1 month.

Other problem for the Project is bad quality of fuel available in Northern Shan. Countermeasures for
using bad fuel shall be required for the Project.
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Basic Design Study on the Project for Rural Drinking Water Supply in Shan State

(4) Operation and Maintenance Capacity of the Implementing Agency

WRUD’s staff is capable to operate and to maintain the drilling rigs and other related equipment, and
drilling rigs donated in 1970’s are still functioning. Since WRUD has many skillful geologists,
drillers and mechanics, there are few limitations on receiving capacity for equipment and
implementation of the Project.

However, organization of WRUD’s Groundwater Division in the Shan State is undeveloped now.
Therefore, the essential WRUD Lashio district office shall be established by April, 2002, at the
commencement of the Project.

In Myanmar, there is no proper coordination among Ministries/Departments/Divisions and each
Ministry/Department/Division is independently promoting their projects. As of now, close
cooperation between WRUD and DDA cannot be expected as coordination among
Departments/Divisions in the Ministry of Agriculture and Irrigation is not so good. Therefore, it is
difficult to rent the equipment from other organizations for the implementation of the WRUD rural
water supply projects.

(5) Concept for Scope and Grade of Facilities and Materials

Development Level

Development level of existing rural water supply system in Northern Shan are dug wells, public
hydrants and rainfall collecting systems. Using of power pumps are only limited to hospitals, hotels
and facilities of local governments. Besides piping system is also not so popular. WRUD shall aim to
introduce handpumps and withhold to introduce power pumps. Therefore, equipment should be
selected based on the assumption of using handpump.
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Basic Design Study on the Project for Rural Drinking Water Supply in Shan State

Procurement of Equipment

<Well Drilling Equipment>

For the appropriate selection of well drilling equipment, standard well structure is considered as
shown in Fig. 2.3.3. Considering the UNICEF’s assistance, diameter of standard casing of well is
adopted as 4 inches.

Top Sealin

g

-

/

f E §<—|7 Temporary Casing
10-5/8" Bit—»{ | o

;o b 10m
8-5/8" Bit— 11 r

15m

Sealing or Cementin
(Clay Packing)

Gravel Packing

a1

4"PVC Casing and Strainer

- - - — - — . — -

6-1/4" Bit /

—‘—‘—‘—‘—‘—‘—‘—m

70~100m

Fig. 2.3.3 Standard Well Structure (Deep tube well)

<Geophysical Survey Equipment>

Since the type of aquifer expected as water resources for tube wells in the Northern Shan are fissure
type of limestone/granite and sedimentary types of alluvium, both electromagnetic and resistivity
survey equipment shall be required for geophysical survey.

Final Report
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Basic Design Study on the Project for Rural Drinking Water Supply in Shan State

(6) Technical Cooperation
As mentioned in the Minutes of Discussions on the basic design study, WRUD had requested for the
following technical cooperation.
L] Counterpart Training in Japan
- One (1) person for mechanical engineer of drilling rigs (first priority)
- One (1) person for geophysical survey engineer (second priority)
L] Short-term Expert

- One (1) person for geophysical survey

Since hard limestone layer is widely distributed in the Northern Shan, electromagnetic survey shall
be required for fissure type groundwater exploration. As staff of WRUD do not have experience in
electromagnetic survey, technical transfer in soft component shall be required. Detailed content of
soft component is mentioned in Section 3.1.3. The expected technical transfers for the project are

summarized in Table 2.3.3.

Table 2.3.3 Expected Technical Cooperation for the Project

Item Technical Transfer in the Project Others
Commissioning Soft Component Counterpart Short-term
Training in Japan Expert
Well - With request - With request
drilling - 1 month - Operation and
- Technical transfer maintenance of
for DTH drilling drilling rig
- 1 person
Geophysical | - With request - With request - With request - With request
survey - 1 month - 2.5 months - Geophysical survey | - Geophysical survey
- Technical transfer | - Technical transfer - 1 person - 1 person
for operation of for the appropriate
geophysical operation and
survey analysis of
geophysical survey

(7) Concept for Construction Period

Considering the regulation of the Japan’s Grant Aid Program, the grant aid project has to be
implemented within one fiscal year. Therefore, the Project should be finished by March, 2002. The
required time for production is 5 months for drilling equipment, taking 40 days for ocean freight and
customs process. The geophysical survey equipment should be procured by October, 2001 because
training for geophysical survey will also be implemented in the Project. Period of this training in
Myanmar will be 2.0 months after handing-over the geophysical survey equipment.
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Basic Design Study on the Project for Rural Drinking Water Supply in Shan State

2.3.2  Basic Design

(1) Outline of the Project

Equipment to be procured by the Project will be distributed to WRUD Lashio district office finally.
Since WRUD Lashio district office is a temporary office now, it has problems in operation and
maintenance, if all equipments are distributed to Lashio district office. Hence, WRUD is requesting
for land to build a new Lashio district office with related organizations.

Therefore, all equipment will be distributed in WRUD Meiktila workshop of Mandalay division and
Meiktila workshop will function as a temporary base. Thereafter, equipment will be relocated to the
new Lashio district office.

Considering the appropriate schedule and righteous tendering for the Project, the equipment list
consists of the following two (2) lots and thirteen (13) items as shown in Table 2.3.4.

Table 2.3.4  List of Equipment

Lot Item Item Quantity Remarks
No.
A A.l Drilling rig 2
A2 High pressure air compressor

A.2.1 | High pressure air compressor: Type-A 1

A.2.2 | High pressure air compressor: Type-B 1

A3 Drilling tools 2

A4 Low pressure air compressor 2

A5 Mobile workshop 1

A.6 Water tanker 2

A7 Cargo truck with crane

A.7.1 | Cargo truck with crane: Type-A 2

A.7.2 | Cargo truck with crane: Type-B 2

A8 Pick-up truck 3

A9 Electromagnetic survey equipment 2

A.10 | Resistivity survey equipment 2

A.11 | Borehole logging equipment 2

A.12 | Portable water quality test equipment 2

B B.1 Spare parts and drilling bits for 2 units of 1 designation of
TRD-300S merchandise
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(2) Final Equipment Plan

The equipment to be supplied by the Government of Japan for the Project is summarized in Table
2.3.5.

Table 2.3.5 Specification and Purpose of Final Equipment

Iﬁ: Items Quantity Specifications Purpose
A.1 | Drilling rig 2 - Wheel drive: 4x4, left handle steering Well drilling
- Drilling capacity: 200m with 4-3/4” drill pipe
- Top drive type/correspond to DTH and rotary mud drilling
A.2.1 | High pressure 1 - Wheel drive: 4x4, left handle steering Well drilling
air compressor: - Discharge: 21.2m’/min (750cfm)
Type-A - Pressure: 21.1kg/cm’ (300psi)
A.2.2 | High pressure 1 - Wheel drive: 4x4, left handle steering Well drilling
air compressor: - Discharge: 14.2m’/min (500cfm)
Type-B - Pressure: 14.1kg/cm’ (200psi)
A3 | Drilling tools 2 - Standard accessories for DTH Well drilling
- Drilling bits and tools
- Well development tools
A4 | Low pressure 2 - Skid type Well development
air compressor - Discharge: 8.5m*/min (300cfm)
- Pressure: 7.0kg/cm’ (100psi)
A5 | Mobile 1 - Wheel drive: 4x4, left handle steering Repair of
workshop - Crane capacity: 3 ton equipment
A.6 | Water tanker 2 - Wheel drive: 4x4, left handle steering Transportation of
- Tank capacity: 6,000 liters over water for drilling
- With supply pump
A.7.1 | Cargo truck 1 - Wheel drive: 6x6, left handle steering with 5 ton crane Transportation of
with crane: - Load capacity: 10 ton over heavy equipment
Type-A - Length of bed: 6.0 m over and materials
A.7.2 | Cargo truck 1 - Wheel drive: 4x2, left handle steering with 3 ton crane Transportation of
with crane: - Load capacity: 6 ton over UNICEF’s
Type-B - Length of bed: 6.0 m over equipment
A.8 | Pick-up truck 3 - Wheel drive: 4x4, left handle steering Transportation of
- Seating capacity: 5 persons crew and equipment
- Load capacity: 0.5 ton over
A.9 | Electromagnetic 2 - Survey depth: 300m Groundwater
survey - Natural radio activity: 150-55,000Hz survey (fissure)
equipment
A.10 | Resistivity 2 -Survey depth: 300m Groundwater
survey -Output : 600V survey
equipment (aquifer in alluvium)
A.11 | Borehole 2 - Logging depth: 200m Decision of
logging - Relative resistance, natural electric aquifer depth and
equipment potential and gamma layer evaluation its range
A.12 | Portable water 2 - Handy type Water quality tests
quality test - Analysis items: 10 items including coliform, arsenic, in field
equipment temperature, turbidity, pH, Cl, Fe etc.
B.1 | Spare parts and 1 - Spare parts and drilling bits for 2 units of Rotary mud drilling
drilling bits for TRD-300S
TRD-300S
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A.1 Drilling Rig

Since drilling target is hard limestone layer or Quaternary sediment, drilling rig shall be capable of
facilitating both down-the-hole (DTH) air hammer drilling for hard rock and mud rotary drilling for
unconsolidated formations. Taking into account the advantages on drilling efficiency and fuel
expenses as shown in Table 2.3.6, top drive rotary is selected. Considering the maximum depth of
tube well in the project area, the rig shall capable of 200m depth with 4-3/4” drill pipe. Moreover the
drilling rig should be truck-mounted type to mitigate the damage caused by jolting during transit and
4 x 4 all wheel drive truck shall be required in rainy season because almost all of rural roads in the

project area are unpaved and of lateritic top soil.

Table 2.3.6 Comparison between Top Drive and Rotary Table Type Drilling Rig

Item Top Drive Type Drill Rig Rotary Table Type Drill Rig
1. Power line | Because of hydraulic system, power | Compared with top drive type, mechanical
mechanism | transmission line is more simple than rotary | power transmission line is provided with

table type. Total cost of top drive type is
cheaper than that of rotary table type.

Also due to less quantity of gears or shafts,
maintenance cost can be saved.

transmission assembly for bit speed change
and gearing for power distribution to rotary
table, main drum and sand drum.

Because of these additional components,
cost of rotary table type is rather expensive
than that of top drive type.

2. Drill pipe
connecting
time

Connecting time of drill pipe for top drive is
much faster (approx. 50% of rotary table
type) and can result to save running cost.
Also drilling efficiency will be more
effective.

Drill pipe connection is rather troublesome
than top drive type.

3. Weight of
drill unit

Due to adoption of hydraulic components
for power line, total weight of drill unit can
be minimized. This may save the fuel
consumption during transportation and
durability of drill unit can be lasted.

Due to adoption of more quantity of
mechanical components for power line, total
weight of drill unit is apt to be heavier than
that of top drive type.

4. Protection
of

As hydraulic system has a relief system to
protect the gears or shafts from the damage

As mechanical power line system can not
absorb the overload, gears or shafts may be

component | caused by overload, repair cost is cheaper | sometimes broken or damaged and repair
than that of rotary table. cost is more expensive.
A.2 High Pressure Air Compressor

The compressor carrier truck shall be 4 x 4 all wheel drive type for reasons same as drilling rig. High
pressure air compressor shall be applicable to use for air flush and DTH drilling in hard rock and
extreme hard formations. When extracting slime smoothly from the borehole, the velocity at ring
sections recommended to be from 16.7 to 25.0 m/sec. The relationship between compressor capacity
and velocity at ring sections are shown in Table 2.3.7.
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Table 2.3.7 Velocity at Ring Sections

Capacity of Hole diameter | Rod diameter Area of ring | Velocity at Fuel
compressor (inch) (inch) section ring section expenses
(cfm) (m’/min) (m?) (m/s) (/hour)

900 25.5 6-1/4 4-3/4 0.00834 51.0 62.0
8-5/8 4-3/4 0.02623 17.6 (400PS)

750 21.2 6-1/4 4-3/4 0.00834 42.4 48.8
8-5/8 4-3/4 0.02623 13.5 (315PS)

600 17.0 6-1/4 4-3/4 0.00834 34.0 32.6
8-5/8 4-3/4 0.02623 10.8 (210PS)

500 14.2 6-1/4 4-3/4 0.00834 28.4 29.5
8-5/8 4-3/4 0.02623 9.0 (190PS)

In case of under 600 cfm and 8-5/8” hole diameter, velocity at ring is too slow. Considering the
frequency of hole diameter and saving of fuel expenses, two different capacity types of compressor
were selected such as Type-A (750 cfm) and Type-B (500 cfim). Type A can correspond to drilling
of 8-5/8” hole diameter and type-B can only be used in drilling less than 6-1/4 hole diameter.

A3 Drilling Tools

Drilling tools consist of the following tools and accessories:

Standard accessories for drilling rig
Drill strings

Drilling bits and tools

Casing and casing handling tools
Miscellaneous drilling tools

Well development tools

Equipment and tools for drilling works

A4 Low Pressure Air Compressor

Low pressure air compressor for well development shall be of a screw type and skid mounted.
Considering the average well depth (70 to 100m), the following specifications shall be required for
well development:

® Rated pressure: not less than 100 psi (7.0 kg/cm?)
® Free air delivery: not less than 300 cfm (8.5 m’/min)

A5 Mobile Workshop

For corresponding to various accidents of drilling rigs and related equipment, the following
equipment shall be mounted for mobile workshop. The carrier truck shall be 4 x 4 all wheel
drive type for reasons same as drilling rig.

® Hydraulic 3ton crane

Diesel engine driven DC welder
Oxygen-acetylene gas welding/cutting equipment
Motor driven air compressor

A.6 Water Tanker

As every drilling well period is estimated to be a week, 6,000 liters seems to be suitable for the water
tank capacity. The carrier truck shall be 4 x 4 all wheel drive type for reasons same as drilling rig.
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A.7.1 Cargo Truck with Crane Type-A

For transportation of heavy drilling tools, the following specifications shall be required.

® Wheel drive: 6x6 all wheel drive

® Lifting capacity of crane: Not less than 3.0 tons at 2.5 m
® [ oad capacity: Not less than 10 tons

® [ength of bed: Not less than 6.0 m

A.7.2 Cargo Truck with Crane Type-B

For transportation of UNICEF’s PVC casings and other materials from Yangon to Lashio, the
following specifications shall be required.

®  Wheel drive: 4x2 rear wheel drive

® Lifting capacity of crane: Not less than 3.0 tons at 2.5 m
® [ oad capacity: Not less than 6 tons

® [ength of bed: Not less than 6.0 m

A.8 Pick-up Truck

Pick-up truck shall be used for transportation of crew and equipment. Considering the utilization, the
following specifications shall be required:

® Type: Diesel engine driven, pick-up type 4x4, left steering
® Seating capacity: Not less than 5 persons
® [ oad capacity: Not less than 0.5 ton

A9 Electromagnetic Survey Equipment

Electromagnetic survey equipment is the ideal geophysical tool for locating conductive targets such
as fractured zone for groundwater exploration and mineralized veins for mineral exploration.
Resistivity can be measured by non-ground-contact method. The electric resistivity is calculated by
the secondary magnetic field. Considering the geological conditions in the project area, the following
specifications shall be required.

®  Survey depth: 300m

® Frequencies: 10 steps (150Hz to 55,000Hz)

® Measurement items: In-phase and quadrature components of the secondary magnetic
field (in % of primary field)

® Transmitter console: Remote-controlled by receiver through reference cable

A.10  Resistivity Survey Equipment

Resistivity survey equipment shall be used for groundwater exploration in alluvium. The unit shall be
of alternative direct current and digital-data stacking type. Considering the geological conditions in
the project area, the following specifications shall be required.

® Survey depth: 300m

® Measuring range: -10V to +10V

® Resolution: 1 micro V

® OQutput voltage: 600 V (1,200Vp-p) max.

® Current range: 300mA, 700mA, 1.8A, 2.5A

® Input impedance: 10 mega ohm

® Stacking: Any stacking numbers are possible by keyboard control

® Power supply: DC 12V internal rechargeable battery or external rechargeable battery

Final Report



Basic Design Study on the Project for Rural Drinking Water Supply in Shan State

A.11 Borehole Logging Equipment

Borehole logging equipment is necessary to confirm the precise section of aquifers for designing a
casing programme after completion of drilling. The equipment shall basically consist of normal
resistivity, natural electric potential and natural gamma. Logging depth required shall be not less than
200m.

A.12  Portable Water Quality Test Equipment

For quick water quality test in the field, portable water quality test equipment shall be provided. After
the discussion with WRUD, the following ten (10) analytical items were required at least.

Turbidity

pH

Hardness

Iron

Electrical conductivity

Arsenic

Fecal coliform (detection paper)
Chloride

Nitrate

Fluoride
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Fig. 2.3.4  Outline Drawing of Main Equipment
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CHAPTER 3 IMPLEMENTATION PLAN

3.1 Implementation Plan
3.1.1 Implementation Concept

The purpose of the Project is to supply necessary equipment for WRUD, in order to develop safe
drinking water in Shan state, and WRUD is responsible for the construction of tube wells. Therefore,
the construction of well drilling, water supply facilities and installation of equipment will not be
included in the Project. However, soft component (dispatch of consultant’s engineer) for technical
transfer regarding the geophysical survey equipment will be planned for the Project.

As all equipment will be handed over at WRUD Meiktila Workshop, inland transportation from
Yangon to Meiktila will be included in the Project. The commissioning, which requires technical
transfer regarding operation and maintenance of drilling rigs and other related equipment by
supplier’s engineer, will be conducted just before handing over the equipment. To conduct the
commissioning as scheduled, it is important to procure the custom clearance of equipment and
assigning of vehicle’s number plates by Myanmar side as quickly as possible.

3.1.2 Procurement Plan

The existing drilling rigs and related equipment have been donated by Japan and Australia, as they
are not manufactured in Myanmar. Myanmar side requested that the equipment made in Japan
should be procured for the Project due to superior quality and applicability of after sales services by
Japanese manufacturers. Moreover, WRUD’s staffs have experience in Japanese equipment because
WRUD have five (5) Japanese drilling rigs and other related Japanese equipment. Spare parts for
truck’s engine can be easily procured in local market because there are some Japanese manufacturers’
local agents in Myanmar. Considering the WRUD’s request, the experience of WRUD’s mechanics
and equipment’s market service conditions, the Japanese equipment were selected for the Project.

3.1.3 Soft Component

Staffs of WRUD have enough experience in the operation and maintenance of well drilling but do
not have enough confidence in the operation and analysis for geophysical survey. Especially, as they
are inexperienced in electromagnetic survey, WRUD expects technical transfer in these aspects to be
conducted by Japanese engineers as much as possible.

Geophysical survey is indispensable to improve the well success rate and to promote groundwater
development project quickly and effectively. For quick and effective establishment of groundwater
survey system, soft component - having technical transfer regarding operation of geophysical survey
equipment and interpretation of the survey results by the consultant’s engineer, shall be proposed for
inclusion in the Project.

The period required for the soft component shall be 0.5 month for preparation of teaching materials
in Japan, 2.0 months for training in Myanmar, totally at least 2.5 months. The commencement of soft
component shall be scheduled on time before which the geophysical survey equipment shall be
transported to Myanmar. Proposed schedule and contents of the soft components are shown in Fig.
3.1.1.
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Fig.3.1.1 Implementation Schedule for Soft Component
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3.1.4 Implementation Schedule

On the limitation of the E/N period, all inspection/delivery, technical guidance and handing over of
equipment has to be finished within one year. The Project implementation period shall be 11.5
months in total, Detail Design period (after E/N, consultant’s contract, tender until supplier’s
contract) shall be 4 months, the required production time of drilling rigs and various vehicles will be
5 months, taking 1.5 months for ocean freight, custom clearance and inland transportation and 1
month for commissioning of procured equipment.

The whole schedule is presented in Fig. 3.1.2.

3.1.5 Obligations of the Recipient Country

The obligations required for the Government of Myanmar for the project implementation are as
follows:

1) To bear the commissions to the Japanese foreign exchange bank for the banking services based
upon the banking arrangement (B/A)

2) Execution of all custom formalities and tax payment concerned to the equipment supplied by the
Project

3) Acquisition of number plates for vehicles supplied by the Project

4) Authorization for the Japanese staff entry and permission of stay in Myanmar

5) To organize a new Lashio district office and to assign the staff for the implementation of the
Project

6) To secure sufficient budgets for local executive agency during the project execution

7) To improve the railway underpass near Thipaw or to make a detour for smooth transportation of
drilling rigs

8) To bear all the expenses, other than those to be borne by the Grant, necessary for soft component
and commissioning.

Final Report



Fig. 3.1.2

Implementation Schedule
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3.2
3.21

breakd

Project Cost Estimation

Project Cost Shouldered by Myanmar Side
The Myanmar side will be responsible for cost estimated at Kyat 13,282,000 and US$ 6,250 with

own as stated below:

1) Vehicles and labor cost for Soft Component:

2)

Materials and labor cost for Commissioning:

3) Cost for establishment of new Lashio District Office:

Kyat
Kyat

62,000
220,000

Kyat 13,000,000

sub-total

4) Commissions to the Japanese foreign exchange bank
for the banking services based upon the B/A:

Kyat 13,282,000

US$

6,250

3.2.2 Operation and Maintenance Cost Shouldered by Myanmar Side

Equipment procured by the Project is divided into well drilling equipment and geophysical survey
equipment. The former shall be maintained by the WRUD Lashio district office and the latter shall
be maintained by the Shan State Groundwater Survey Team under the Groundwater Division of
WRUD headquarters.

(1)  WRUD Lashio District Office

The following staff will be assigned for the groundwater division in WRUD Lashio district office by
April, 2002.

Table 3.2.1 Required Staff for WRUD Lashio District Office

Head | Geolo- | Chief Driller Driver | Mech- | Clerk | Labor | Total
gist driller | G-3 | G4 | G-5 anics
Office and workshop 1 5 3 6 15
Drilling team@D: new rig 1 1 2 1 1 2 8
Drilling team®): new rig 1 1 2 1 1 2 8
Drilling team®: TRD-300S 1 1 2 1 1 2 8
Drilling team@: TRD-300S 1 1 2 1 1 2 8
Total 1 4 4 8 4 4 8 5 3 6 47
(2)  Shan State Geophysical Survey Team

The following staff will be assigned for the Shan State Geophysical Survey Team by April, 2002.

Table 3.2.2 Required Staff for Shan State Geophysical Survey Team

No. Position Assignment Number

of Staff
1 Team Leader Overall duty 1
2 Chief Geologist In-charge, Interpretation of results 2
3 Geologist A Data interpretation 4
4 Geologist B Data collection (Field survey) 8
5 Helper Field survey assistant 12
6 Driver 2
Total 29
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(3)  Annual Operation and Maintenance Cost

The annual operation and maintenance cost for the Project shall be estimated at Kyat 6,600,000 as
shown in Table 3.2.3.

Table 3.2.3 Annual Operation and Maintenance Cost
Item WRUD Lashio District Office WRUD Geophysical Survey Team
Personnel Position Unit Q’ty Cost Position Unit Q’ty Cost
expenses price (Kyat) price (Kyat)
(Kyat) (Kyat)
Head 116,400 1 116,400 | Team leader 102,000 | 1 102,000
Geologist 90,000 4 360,000 | Chief geologist 78,000 | 2 156,000
Chief of driller 70,800 4 283,200 | Geologist A 70,800 | 4 283,200
Driller (G-3) 63,600 8 508,800 | Geologist B 70,800 | 8 566,400
Driller (G-4) 56,400 4 225,600 | Helper 63,600 | 12 763,200
Driller (G-5) 49,200 4 196,800 | Driver 56,400 | 2 112,800
Driver 56,400 8 451,200
Mechanics 63,600 5 318,000
Clark 63,600 3 190,800
Labor 36,000 6 216,000
Sub-total 2,866,800 | Sub-total 1,983,600
Others Fuel/expendable 1,133,200 | Fuel/expendable 616,400
Sub-total 4,000,000 | Sub-total 2,600,000
Total 6,600,000
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CHAPTER 4 PROJECT EVALUATION AND RECOMMENDATION

4.1

Oy

Project Effects

Direct Effects

The following direct effects are expected from the Project, and will contribute to improve the living
conditions of rural people.

2

50 shallow tube wells and 250 deep tube wells will be constructed in Northern Shan area by
2005. (It is estimated that about 81,000 people can approach the safe and convenient drinking
water.)

Shallow tube well (hand pump): 50 sites x 150 persons/site = 7,500 persons
Deep tube well (hand pump): 170 sites x 150 persons/site = 25,500 persons
Deep tube well (power pump): 80 sites x 600 persons/site = 48,000 persons

Total: 81,000 persons

New drilling rigs will be in use for at least 15 years after 2005, and considering that 2wells can
be drilled per unit and month, 720 tube wells (2 units x 24 sites/year x 15 years) will be
constructed. More 270,000 people, and totally about 350,000 peoples can have access to the safe
and convenient drinking water.

Tube well using hand pump: 360 sites x 150 persons/site = 54,000 persons
Tube well using power pump: 360 sites x 600 persons/site = 216,000 persons
Total: 270,000 persons

Safe drinking water supply will contribute to decrease in infant mortality rate, parasitic diseases
and diarrhoeal deaths.

Implementation of geophysical survey will contribute to save the project cost due to improving
of well success rate.

Indirect Effects

The Project will not only contribute to improve the living condition in the frontier area but to
revitalize the communities due to implementation of group works in operation and maintenance
of the tube wells.

Accumulation of geophysical survey will contribute to improve the data-base and hydro-
geological maps for groundwater development in the Shan state, and to improve the technology
for analysis of geophysical survey in Myanmar.

The latest technologies for drilling in hard rock layers and geophysical survey will be
widespread in the whole country by WRUD’s staff.
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4.2 Recommendations

Even though a significant impact is expected from the Project, the following items are required for its
smooth implementation.

(1)  Systematization of Groundwater Survey in Shan State

Geophysical survey should be implemented earlier than well drilling works. Using the
electromagnetic and resistivity survey equipment procured through the project, effective geophysical
survey should be conducted.

(2)  Strengthening the Inhabitants Participation in O&M

The inhabitants participation is essential for success of the Project. The participation of beneficiaries,
water user’s association and township in planning, execution and O&M will stimulate their
conscience on importance of management and O&M of the rural water supply system. It is not
necessarily clear the demarcation of cost sharing for O&M. Considering the ability to pay by
community residents, it is desired to share the cost of O/M as follows;

No. Item WRUD | Community Remarks
1 Daily maintenance O
2 | Replacement of hand pumps and valves O
3 | Replacement of distribution pipes and standpipes O
4 | Replacement of power pump O O
5 Rehabilitation of deep well O
6 | Water quality monitoring O 2 times/year

(3) Strengthening of Sanitation & Hygiene Education

In spite of the campaigning for sanitation and hygiene education, the people in Shan state continue to
drink water without any treatment such as boiling the coliform contaminated water. Hence, effective
and strong campaign for sanitation awareness and hygiene education should be conducted in the
frontier area.
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Member List of the Study Team

The List of Study Team (Field Survey of Basic Design Study)

Name Assignment Position Period of
Dispatch

Mr. Leader Institute for International 2000/9/3-9/17
Shigetada Cooperation, JICA
KAYUMI
Ms Planning First Project Management Div., 2000/9/3-9/15
Emiko Management Grant Aid Management Dept.,
IBARAKI JICA
Mr. Chief Consultant/ Pacific Consultants International | 2000/9/3-10/12
Shinichiro Groundwater
MATSUMOTO | Development Planning
Mr. Hydrogeological Pacific Consultants International | 2000/9/11-9/30
Yasumnasa Survey
YAMASAKI
Mr. Equipment Pacific Consultants International | 2000/9/3-10/12
Shinichi Planning
YOSHIKAWA
Mr. Procurement Planning/ | Pacific Consultants International 2000/9/13-10/2
Hironori Cost Estimation
HONMA

The List of Study Team (Explanation on Draft Final Report)

Name Assignment Position Period of
Dispatch

Mr. Leader Institute for International 2000/12/9-12/17
Shigetada Cooperation, JICA
KAYUMI
Mr. Planning First Project Management Div., 2000/12/9-12/17
Hidetake Management Grant Aid Management Dept.,
AOKI JICA
Mr. Chief Consultant/ Pacific Consultants International | 2000/12/9-12/20
Shinichiro Groundwater
MATSUMOTO | Development Planning
Mr. Equipment Pacific Consultants International | 2000/12/9-12/20
Shinichi Planning
YOSHIKAWA
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Survey Schedule on Field Survey of Besic Design Study

JICA

Consultant

Date Stay
Ibaraki l Kayumi Matsumoto | Yoshikawa Yamasaki Honma
1 9 1 Mobilization (Naritall:00-15:30Bangk0k18:00-Yang0n18: Yangon
e meeti i : of
] ¢ e[S e OO B
COUTICEY CaETl AMUIEETITE WIIH WHROUD(F43] AT
3 S | Tue |ypringson Yangon
4 6 | Wed. |Mobilization: Yangon:700-Mandalay:9:00¢ (HK005), Courtey: Mandalay
to WRUD/Mandalay div. and inspection of existing rig
5 7 | Thu. |Mobilization: Mandalay-Meiktila-Mandalay Mandalay
Inspection of Meiktila WRUD Workshop
6 8 | Fri. |Mobilization: Mandalay:7:15-Lasho:16:00 Lasho
Courtesy call and meeting wirh Pyin-Oo-Lyin/WRUD Offi
7 9 | Sat. |Field survey (La_shio-'I‘henni—Musc-Numkan-Muse) Muse
8 , Field survey (Muse-Kutkhaing-Thenni-Lashio) Lasho
9 11 | Mon. |Field survey (Lasho-Thipaw—Mandalay) and team meetingArr. In Yangon. Mandalay
10 12 | Teu. |Mobilization: Mandalay:9:25-Yangon:11:15(HK006) and team meeting Yangon
11 13 | Wed. |Meeting with WRUD (am: draft M/D, pm: schedule of second field surveylArr. In Yangon Yangon
12 14 | Thu. {Meeting with WRUD (Roport of results of field survey, draft M/D, second field survey) Yangon
13 15 | Fri. |Signing of M/D. Consultant team meeting Yangon
Move to BKK
14 16 | Sat. | Asr. In TYO |Move to BKK|Yangon:700-Mandalay:9:00 (HK005). WRUD/Mandalay Mandalay
15 Arr. In TYO |Inspection of Meiktila WRUD Workshop and existing wells| Mandalay
16 18 I Field survey (Mandalay-Thipaw-Lashio) Lashio
17 19 Field survey (Lashio-Thenne-Muse) Muse
18 20 Field survey (Muse-Namkan-Muse) Muse
19 21 Field survey (Muse-Kyukok-Kutkhaing—Thenni-Lashio) Lashio
20 22 Field survey {Lashio-Thenni-Kunlon-Thenni-Lashio) Lashio
21 23 Field survey (Lashio-Existing Deep Tubewells-Thipaw) Thipaw
22 ’?‘W Field survey (Thipaw-Pyin Oo Lyin/WRUD-Mandalay) Mandalay
23 25 Ficld survey (Mandalay-Monywa/WRUD-Mandalay) Mandalay
24 26 Mandalay:9:45-Yangon:11:35 (GT402), Team meeting Yangon
25 27 Meeting with WRUD and JICA. JICA Yangon
26 28 Arrangement of results of field survey, Meeting with WRUDl  Yangon
27 29 Meeting with WRUD Move to BKK| Initial cost Yangon
28 30 Arrangement of collecting dat} Arr. In TYO estimation Yangon
29 | 10 |2 Arrangement of collecting dat Move to BKK|  Yangon
30 Preparation of draft T/N Amr. InTYO Yangon
31 Preparation of draft T/N Yangon
32 Preparation of report fot GOJ Yangon
33 Preparation of report fot GOJ Yangon
34 | Meeting with WRUD (draft T Yangon
35 | Preparation of report fot GOJ Yangon
36 |Preparation of report fot GOJ Yangon
37 | Meeting with WRUD ‘Yangon
38 10 | Teuw. ‘| Report to JICA and Embassy Yangon
39 11 | Wed. Yangon - BKK =~ = aircraft
40 Thu. |5 : Narita i
Jote) DAP: Department of Agricultural Planning/ Ministry of Agriculture and Irrigation

WRUD: Water Resources Utilization Department/ Ministry of Agriculture and Irrigation

FERD:

Foreign Economic Relations Department
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Survey Schedule on Explanation on Draft Final Report

JICA Consultant
Date Stay
Kayumi | Aoki Matsomoto | Yoshikawa
Mobilization (Marita10:30-Bangkok15:30/TG641)| Mobilization (Narita11:00-Bangkok15:55/JL.717)
1§12 9| Sat. - Yangon
Mobilization (Bangkok17:45-Y angon18:30/TG305)
5 Mobilization {Yangon07:00-Mandalay08:30/HK011 Yangon
Ar.ra.n gement of Meeting with WRUD Meiktila Workshop Ar.ra.n gement of Mandalay
explaining documents explaining documents
Mobilization (Mandalay09:15-Yangoni1:15/HK006
3 11 | Mon. - Yangon
Courlesy call and meeting JICA, Embassy of Japan and WRUD
4 12 | Teu. Meeting with WRUD Yangon
5 13 | Wed. Meeting with WRUD Yangon
6 14 | Thu. Meeting with WRUD Yangen
Signing of M/D
7 15| Fri. Yangon
Reprt to Embassy of Japan and JICA
Mobilization (Yangon10:25-Bangkok12:05/TG3 .
8 16 | Sat. Meeting with WRUD Yangon
Bangkok23:20-
Narita06:50/NH916) . .
9 Arrangement of collecting data/ team meeting Yangon
10 Meeting with WRUD Yangon
Arrangement of collecting data
11 . . Aircraft
obilization (Yangon19:30-Bangkok21:10/TG3
Bangkok22:50-Narita06:20/IL718)
12 20
Yole) WRUD: Water Resources Utilization Department/ Ministry of Agricu]ture and Irrigation
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Appendix I11
List of Party Concerned

in the Recipient Country



Appendix Ill  List of Party Concerned in the Recipient Country
(At Field Survey of Basic Design Study)

Ministry of National Planning and Economic Development/ Foreign Economic

Relations Department (FERD)
1) U SOE LIN
2) DAW MYQ NEW

Director General

Director

Ministry of Agriculture and Irrigation/ Department of Agricultural Planning (DAP)

1) Dr. THEIN HTAY
2) UKYIWIN

Acting Director General

Deputy Director

Ministry of Agriculture and Irrigation/ Water Resources Utilization Department (WRUD)

1) UWINSHWE

2) UHLAMYINT MAUNG
3) UKYAW WIN

4) UTUNAYE CHO

5) USAWKYAWTUN

6) UMYINT THWIN '
7) U KHIN AUNG THEIN
Embassy of Japan

1)  Mr. Naoki ITO

2)  Mr. Kazuhiro FURUKAWA
3)  Mr Yasuyuki NISHIO

4)  Mr. Shigeo KATO

JICA Myanmar Office

1)  Mr. Toshimichi AOKI

2)  Mr. Takahisa FURUICHI
3) Mr Kenji YOKOMORI
4y Ms Migusa SHIMAOKA
5) UTINWIN

UNICEF Myanmar Office

1) RAMESHWAR PRASAD
2) TERENCE KADOE

3) DEEPAK BAJRACHARYA

Director General

Deputy Director General

Director, Groundwater Div.

Director, Administration Div.

Deputy Director, Planning Div.
Deputy Director, Groundwater Div.
Assistant Director, Groundwater Div.

Counsellor
Second Secretary
Second Secretary

Special Assistant

Resident Representative

- Assistant Resident Representative

Project Formulation Advisor
Project Formulation Advisor

Program Officer
Project Officer

Assistant Project Officer
Chief /Water & Environmental Sanitation
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(At Explanation on Draft Final Report)

Ministry of Agriculture and Irrigation/ Water Resources Utilization Department (WRUID)

1)
2)
3)
4)
5)
6)
7
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)

U HLA MYINT MAUNG
U KYAW WIN

U TUN AYE CHO

U KHIN MG HTWE

U CHAN THEIN

U SWE

U SAW KYAW TUN

U MYINT THWIN

U THAN TUN

U KRISTOPHA NGIN
U KYAW MIN OO

U KHIN AUNG THEIN
U DAW NYONYO WIN
U THAN HLAING

U TIN TUN

U THANT CHO

U TUN AUNG KYAW

Embassy of Japan

1) Mr. Mr. Kazuhiro FURUKAWA
JICA Myanmar Office

1)  Mr. Toshimichi AOKI

2)  Mr. Takahisa FURUICHI

3) Mr Eiji KOZUKA

4y  Ms Kimiko KAITANI

5) UTIN WIN

UNICEF Myanmar Office

1) RAMESHWAR PRASAD
2) TERENCE KADOE

3) DEEPAK BAJRACHARYA

Deputy Director General

Director, Groundwater Div.

Director, Administration Div.
Director, Planning Div.

Director, Procurement Div.

Director, Civil Work Div.

Deputy Director, Planning Div.
Deputy Director, Groundwater Div.
Deputy Director, Administration Div. (Finance)
Deputy Director, Administration Div.
Deputy Director, Pump Div.
Assistant Director, Groundwater Div.
Assistant Director, Civil Work Div.
Deputy Director, Mandalay Div.
Assistant Director, Mandalay Div.
Staff Officer, Mandalay Div.

Assistant Director, Sagaing Div.
Second Secretary

Resident Representative
Assistant Resident Representative
Technical Cooperation Section
Project Formulation Advisor
Program Officer

Project Officer
Assistant Project Officer

‘Chief /Water & Environmental Sanitation

I -2



Appendix IV
Minutes of Discussions

(Field Survey)



MINUTES OF DISCUSSIONS
ON
THE BASIC DESIGN STUDY ON
THE PROJECT FOR RURAL DRINKING WATER SUPPLY IN SHAN STATE
IN THE UNION OF MYANMAR

In response to a request from the Govemment of the Union of Myanmar (bereinafter
referred to as Myanmar), the Government of Japan decided to conduct a Basic Design Study on the
Project for Rural Drinking Water Supply in Shan State (hereinafter referred to as “the Project™) and
entrusted the study to the Japan Intemational Cooperation Agency (JICA).

JICA sent the Basic Design Study Team (hereinafier referred to as * the Team”) to
Myanmar, which is headed by Mr. Shigetada KAYUMI, Development Specialist, JICA, and is
scheduled to stay in the country from September 3 to October 11, 2000.

The Team held discussions with the officials concerned of the Government of Myanmar
and conducted a field survey in the study area.

As a result of discussions and field survey, both parties have confirmed the main items
described on the attached sheets. The Team will proceed to further works and prepare the Basic
Design Study Report.

Yangon, September 15, 2000

Mr. Shigetada Kayumi /ﬁa Myint Maung/’

Leader Deputy Director General

Bastc Design Study Team For U Win Shwe, Director General
Japan International Cooperation Agency Water Resource Utilization Department

Ministry of Agriculture and Irrigation

Witnesses:

A,/"/U 0 / - \/[/\AAMD‘\
Daw Myo Nwe, Director Dr. Thein Htay
for U Soe Lin, Director General Acting Director General

artment Department of Agricultural Planning

daa ANDaG

Ministry of National Planning and Ministry of Agriculture and Irrigation

Foreign Economic Relations De

Economic Development
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ATTACBMENT

1.

Objective of the Project

The objective of the Project 15 to support the Safe Drinking Water Supply Programmes of the
Government of Myanmar through provision of drilling rigs and other related equipment for

Z.

- groundwater development for Shan State, in order to improve living conditions of rural people.

Project Sites

The project sites are located in Shan State. A map indicating the area is shown as Annex—1.

3.

Responsible and Implementing Agencies

Responsible and Implementing Apency is the Water Resource Utilization Departnient (WRUD),
Ministry of Agriculture and Irrigation. The organization chart of WRUD is shown as Annex-—2.

4.

Main Items Requested by the Government of Myanmar

After discussions with the Team, Myanmar side finally requested the items described in Annex-3.
JICA will assess the appropnateness of the request and will recommend to the Government of
Japan for approval.

7.

7-1.

Japan’s Grant Aid Scheme

. Myanmar side understood the Japan’s Grant Aid Scheme explained by the Team, as

descnibed 1n Annex- 4.

. Myanmar side will take the necessary measures, as described in Annex—35, for smooth

implementation of the Project, as a condition for the Japan’s Grant Aid to be implemented.

Schedule of the Study

. The consultants will proceed to further studies in Myanmar until Qctober 11.
. Based on the study results, JICA will prepare the draft report in English and dispatch a

mission in order to explain its contents in December 2000.

. In case that the contents of the report is accepted in principle by the Government of

Myanmar, JICA will complete the final report and send it to the Government of Myanmar
by February 2001.

Other Relevant Issues

Safe Drinkang Water Supply Programmes

Construction of shallow and deep tube wells will be implemented by WRUD and by
WRUD-UNICEFcooperation, based on the Safe Drinking Water Supply Programmes for The
Year 2001 — 2005 as shown 1n Annex-6. In the programme for Shan State, Northern Shan Region
is given the first priority in implementation.

V-2



7-2. Place of Deplovment of the Equipment

All the equipment procured under the Project will be used in Shan State. Two (2) units of the
existing drlling rigs (TRD-300) which require spare parts and are currently deployed in
Mandalay will be also used in Shan State. )

- 7-3, Delivery and handing over of the Equipment
The proposed place of delivery, assembly, and test operation is the WRUD workshop in Meiktila.
After the test operation is completed, the equipment is handed over to WRUD.

Assembly and test operation are done by the engineers of the manufacturing companies of the
main equipment such as drilling rigs and geophysical survey equipment in order to provide
instructions for proper operation and maintenance.

7-4. Operation and Maintenance of the Equipment .
WRUD will allocate sufficient budget and personnel with appropriate technical skills to ensure
proper and effective operation and maintenance of the equipment procured under the Project.

7-5. Technical Cooperation
Myanmar side requested the following technical cooperation. The Team will convey the request
to the Government of Japan.

(1) Counterpart Training in Japan

One (1) person for mechanical engineer of drilling rigs (first priority)
One (1) person for geophysical survey engineer (second priority)

(2) Short-term Expert
One (1) person for geophysical survey

Annexes:

Location Map

Organization Chart of WRUD

List of Items Requested by the Government of Myanmar

Japan’s Grant Aid Scheme

Necessary Measures to be Taken by the Govemnment of Myanmar
Safe Drinking Water Supply Programmes for 2001-2005

AR
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List of Items Requested by the Government of Myanmar

The equipment and materials requested by the Govermment of Myanmar are as follows:

(1) Truck Mounted Water Well Drilling Rig for 300 - 150 m

4x 4 heavy duty truck mounted water well drilling rig 2 units
4 x 4 heavy duty truck mounted high pressure air

compressor for air flush/DTH drilling 2 units
Drilling tools and accessories for direct rotary drilling

for 200 m depth with 10-5/8” to 6-1/2” borehole 2 sets
Spare parts for above equipment 2 lots

(2) Supporting Equipment for Groundwater Development and Drinking Water Supply

Bulldozer, 130 HP 1 unit
Wheel loader, 150 HP, 2.5 m® bucket 1 unit
Hydraulic excavator, wheel type, 105 HP, 0.4 m° bucket 1 unit
Mobile workshop for emergency services in drilling and construction b unat
Water tanker 2 units
Cargo truck with crane 1 unit

Pick-up truck (Double cab) 2 units

(3) Geophysical Survey Equipment and Water Quality Test Equipment

Electromagnetic survey equipment 1 umit
Resistivity survey equipment 1 unit
Bore hole logging equipment 2 units
Portable water quality test equipment 2 units

(4) Spare Parts for two (2) units of Existing TRD-300S Drilling Rigs

L

Spare parts for TRD-3008 drilling units 1ot
Spare parts for mud pump units 1 lot
Spare parts for mounting truck 1 lot
Spare parts for drilling accessories I Jot

i
O

Iv-6

Annex-3



Annex-4

JAPAN'S GRANT AID

1. Japan's Grant Aid System

(1) Grant Aid Procedures
1} Japan's Grant Aid Program 1s executed through the following procedures:

« Application (Request made by a recipient county)
» Study (Basic Design Study conducted by JICA)
= Appraisal & Approval (Appraisal by the Government of Japan and

Approval by the Cabinet of Japan)

» Determination of Implementation  (The Notes exchanged between the Governments
of Japan and the recipient country)

« Implementation {Implementation of the Project)

2) Firstly, the application or a request for a Grant Aid project submitted by a recipient country
is examined by the Government of Japan (the Ministry of Foreign Affairs) to determine
whether or not it eligible for Japan's Grand Aid. If the request is deemed appropriate, the
Govemment of Japan assigns JICA (Japan International Cooperation Agency) to conduct a
study on the request.

Secondly, JICA conducts the study (Basic Design Study), using {a) Japanese consulting
firm(s).

Thirdly, the Government of Japan appraises the project to see whether or not it is suitable
for Japan's Grant Aid Program, based on the Basic Design Study report prepared by JICA ,
and the results are then submitted to the Cabinet for approval.

Fourthly, the project, once approved by the Cabinet, becomes official with the Exchange of
Notes signed by the Govermments of Japan and the recipient country.

Finally, for the implementation of the project, JICA assists the recipient country in such
matters as preparing tenders, contracts and so on.

(2) Basic Design Study
1) Coentents of the Study
The aim of the Basic Design Study (hereafter referred to as “the Study™) conducted by JICA
on a requested project (hereafter referred to as “the Project”) is to provide a basic document
necessary for the appraisal of the Project by the Japanese Government. The contents of the
Study are as follows:

1) Confirmation of the background, objectives, and benefits of the requested Project and
also institutional capacity of agencies concerned of the recipient country necessary for
the Project’s implementation,

11) Evaluation of the appropriateness of the Project to be implemented under the Grant Aid
Scheme from a technical, social and economical point of view,

1) Confirmation of items agreed on by both parties concerning the basic cencept of the

\,‘7/ Project, 5
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2)

v} Preparation of a basic design of the Project,
v} Estimation of costs of the Project.

The contents of the onginal request are not necessanly approved m their imitial form as the
contents of the Grant Aid project. The Basic Design of the Project 15 confirmed considering
the guidelines of Japan’s Grant Aid Scheme,

The Government of Japan requests the Government of the recipient country to take
whatever measures are necessary to ensure its self-reliance in the implementation of the
Project. Such measures must be guaranteed even though they may fail outside of the
Jurisdiction of the organization in the recipient country actually implementing the Project.
Therefore, the implementation of the Project is confirmed by all relevant organizations of
the recipient country through the Minutes of Discusstons.

Selection of Consultants

For smooth implementation of the Study, JICA uses (a) registered consultant firm(s). JICA
selects (a) firm(s) based on proposals submitted by interested firms, The firm(s) selected
carry(ies) out a Basic Design Study and wnte(s) a report, based upon terms of reference set
by JICA.

The consulting firm(s) used for the Study is (are) recommended by JICA to the recipient
country to also work i the Project’s implementation after the Exchange of Notes, in order
to maintain technical consistency and also to avoid any undue delay in implementation
should the selection process be repeated.

(3) Japan's Grant Aid Scheme

o7

1y

2)

3)

What is Grant Aid?

The Grant Aid Program provides 2 recipient country with non-reimbursable funds to procure
the facilities, equipment and services (engineering services and transportation of the
products, etc.) for economic and social development of the country under principles in
accordance with the relevant laws and regulations of Japan. The Grant Aid is not supplied
through the donation of materials as such,

Exchange of Notes (E/N)

Japan's Grant Aid is extended in accordance with the Notes exchanged by two Govemnments
concerned, 1 which the objectives of the Project, period of execution, conditions and
amount of the Grant Aid, etc., are confirmed.

“The period of the Grant Aid” means the one Japanese fiscal year which the Cabinet
approves the Project for. Within the fiscal year, all procedures such as exchanging of the
Notes, concluding contracts with (a) consultant firm(s) and (a) contractor(s) and final
payment to them must be completed. However in case of delays in delivery, installation or
construetion due to unforeseen factors such as weather, the period of the Grant Aid can be
further extended for & maximum of one fiscal yeaf at most by mutual agreement between
the two Governments.

.
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4) Under the Grant Aid, in principle, Japanese products and services mcluding transport or
those of the recipient country are to be purchased.

When the two Governments deem it necessary, the Grant Aid may be used for the purchase

of the products or services of a third country.

However the pnime contractors, namely, consulting, constructing, and procuresnent firms,
are limited to “Japanese nationals”. (The term “Japanese nationals” means persons of
Japanese nationality or Japanese corporations conirofled by persons of Japanese nationality.)

5) Necessity of the “Verification”
The Government of the recipient country or its designated authority will conclude contracts

denominated in Japanese yen with Japanese nationals. Those contracts shall be verified by
the Government of Japan. This “Verification™ 1s deemed necessary to secure accountability

to Japanese taxpayers,

6) Undertakings required of the Government of the Recipient Country
In the implemeniation of the Grant Aid project, the recipient couniry is required to

undertake such necessary measures as the followings:
1) To secure land necessary for the sites of the Project and to clear, level and reclaim the

land prior to commencement of the construction.

11) To provide facilities for the distribution of electricity, water supply and dramage and

other incidental facilities in and around the sites.

11) To secure buildings prior to the procurement in case the installation of the equipment.

v) To ensure all the expenses and prompt execution for unloading, customs clearance at
the port of disembarkation and internal transportation of the products purchased under

the Grant Aid.
v) To exempt Japanese naticnals from customs duties, internal taxes and other fiscal levies
which will be imposed in the recipient country with respect to the supply of the

products and services under the Verified Contracts.

vi) To accord Japanese nationals whose services may be required in connection with the
supply of the products and services under the Venfied Contracts, such facilities as may
be mecessary for their entry into the recipient couniry and stay therein for the

performance of their work.

vi1) “Proper Use”
The recipient country is required to maintain and use the facilibes constructed and

equipment purchased under the Grant Aid properly and effectively and to assign staff
necessary for this operation and maintenance as well as to bear all the expenses other

L

/—--\ than those covered by the Grant Aid.
7 2
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vH1}“Re-export”
The products purchased under the Grant Aid should not be re-exported from the
recipient country.

1x) Banking Arrangement (B/A)

a) The Government of the recipient country or its designated authority should open an
account in the name of the Government of the recipient couniry in an authorized
foreign exchange bank in Japan (heremnafter referred to as "the Bank"). The
Govemment of Japan will execute the Grant Aid by making payments in Japanese
yen to cover the obligations mcurred by the Govemment of the recipient country or
its designated authority under the Verified Contracts.

b) The payments will be made when payment requests are presented by the Bank to
the Government of Japan under an authorization to pay issued by the Government
of the recipient country or its designated authority.

2. Grant Aid Procedure

(1)  Flowchart of Japan’s Grant Aid Procedures
Refer to Attachment 1.

(2) Major Undertaking to be taken by Each Government
Refer to Attachment 2.

QAN
\ i
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Attachment 1

Flowchart of Japan's Grant Aid Procedure
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Major Undertakings to be Taken by Each Government

Attachment 2

Hems

To be
Covered by
Grant Aid

To be Covered
by Recipient
Side

To bear the following commissions to the Japanese foreign exchange bank for
the backing services based upon the B/A

1} Advising commission of A/P

2} Payment commission

e
L

To ensure unloading and customs clearance at port of disembarkation in the
recipient country

1) Marine (Air) transportation of the products from Japan to the recipient
country

2) Tax exemption and custom clearance of the producls at the port of
disembarkation

3) Internal transportation from the port of disembarkation to the project site

®

(@)

To accord Jopanese neaticnals whose services may be required in conneclion
wilh the supply of the products and the services under the verified contact
such facilities a5 may be necessary for their entry into the recipieni country
and stay therein for the performance of their work

To exempt Japanese nationals [rom customs dulies, internal taxes and other
fiscal levies which may be imposed in the recipient country with respect Lo the
supply of the products and services under the verified contracis

To maintain and use properly and effectively the facilities cosstructed and
equipment provided under the Grant

6

To bear all the expenses, other than those to be borne by the Grant, necessary
for construction of the facilities as well as for the transportation and
installation of the equipment

L,
4

B/A:

Banking Arrangement

A/P : Authonization to Pay

1v-12
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Anpex-5

Necessary Measures to be Taken by Government of Union of Myanmar
on
Condition that Japan’s Grant Aid is Extended

To support prompt execution for customs clearance of the equipment imported to the

country under the Grant Aid.

To accord Japanese nationals whose services may be required in connection with the
supply of products and services under the verified contracts such facilities as may be
necessary for their entry into the country and stay therein for the execution of their work.

To exempt Japanese nationals from custom duties, internal taxes and other fiscal levies
which may be imposed in the country with respect to the supply of the products and
services under the verified contracts,

To maintain and use the facilittes constructed under the Grant Aid properly and effectively
and to assign the staff necessary for operation and maintenance for the facilities.

To bear all the expenses other than those to be bome by the Grant Aid necessary for the
execution of the Project.

To bear advising commissions for Authorization to Pay and payment commission to a
Japanese bank for the banking services based upon the banking arrangement,

N
\Us
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Appendix V
WRUD’s Letter for Additional Request



THE GOVERNMENT OF UNION OF MYANMAR
MINISTRY OF AGRICUELTURE AND IRRIGAT TONE
WATER RESOURCES UTILIZATION DEPARTMENT

Ref. Ma A Ya/1-419( 938 /2000)
Date 9" October, 2000
Mr. Shinichiro MASTUMOTO
Chief Consultant
Basic Design Study Team
Japan International Cooperation Agency

Subject: Additional Request For Shan State Water Supply Project

Mr. S. MASUMOTO,

We are very much thank to Government of Tapan for sending Basic Design Study Team to our country
{0 provide safe drinking water supply programmes in Shan State.

For drinking water supply programmes we have discussed thoroughly with Mr. Shigetada KAYUMI
and also signed Minutes of Discussions on September 15, 2000. After signing of Minutes of Discussions, we,
WRUD, held several meetings on “Annex-3: List of Items Requested by the Government of Myanmayr™, as
mentioned in Minutes of Discussion, we found some essential items are not included in previous request .

In this context, if available, we, WRUD, would like to submit an additional request items to
Government of Japan, as shown in ATTACHMENT-1, for successful implementation of water supply
programmes in Shan State.

We highly appreciate the Basic Design Study Team for their efforts and we do hope the water supply
project will be started before 2002. Please convey this additional request letter to JICA.

Thanking you for your cooperation.

Yours sincerely,

‘f
'
i

or Director General

( Bla Myint Maung)

Deputy Director General

Water Resources Utilization Department



State.

ATTACHMENT-1

ADDITIONAL REQUEST ITEMS

The following items are newly requested in addition to Items requested in Minutes of Discussions
dated on 15" of September 2000 for the successful implementation of rural water supply programmes in Shan

(1)

2)

()

)
(3)
(6)
(7
8)
©)
(10)
(11)

(12)

Four (4) low pressure COMPressors and related tools are newly requested for well
development.

Additional (3) cargo trucks with crane are requested for transportation of drilling equipment
and well component.

Additional (2) water tankers arc requested for rotary mud drilling because of shortage of
WRUD’s water tankers.

One (1) trailer truck is newly requested for transportation of bulldozer.

Additional (1) pickup truck is requested for geophysical survey and water quality test.

One (1) station wagon is newly requested for high level authority inspection.

Additional (1) Electromagnetic survey equipment is requested for effective investigation.
Additional (1) Resistivity survey equipment is requested for effective investigation.
Additional (2) borehole logging equipment are requested for effective investigation.

Two (2) lots of drilling bit for TRD-3008 are newly requested for severe shortage.

The drill bits, drill pipes and spare parts for newly provided drilling rigs are highly requested
as much as possible because of scarcity of these items and not available locally.

The equipment made in Japan should be procured for the Project due to the quality,
applicability of after sales services by manufacturers, etc.

The priority of equipments by WRUD for this Project is shown in Annex-1.
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Appendix VI
Minutes of Discussions

(Explanation on Draft Final Report)



MINUTES OF DISCUSSTIONS
ON
THE BASIC DESIGN STUDY ON
THE PROJECT FOR THE RURAL DRINKING WATER SUPPLY
IN SHAN STATE
IN THE UNION OF MYANMAR
(EXPLANATION ON DRAFT FINAL REPORT}

In September 2000, the Japan International Cooperation Agency (hereinafter referred to as
“JICA™) dispatched a Basic Design Study Team on the project for the rural drinking water supply 1In
Shan State (hereinafter referred to as “the Project™) to the Union of Myanmar (hereinafter referred to as
“Myanmar”), and through discussion, field survey, and technical examination of the results in Japan,
JICA prepared a draft report of the study.

In order Lo explain and to consult the Myanmar on the components of the draft report, HCA
sent to Myanmar the Draft Final Report Explanation Team (hereinafter referred to as “the Team™), which
is headed by Shigetada KAYUMI, Senor Advisar, JICA, from December 9 to December 20.

As a result of discussions, both parties confinned the main items described on the attached

sheets.

Yangon, December 15, 2000

Shigetada Kayumn Kyaw Win

leader Director (Groundwater Division)

Rasic Design Study Team for Win Shwe, Director General

Japan International Cooperation Agency Water Resource Utijization Department

Ministry of Agriculture and Irrigation

VI-1
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ATTACHMENT

{. Components of the Draft Final Report

The Myanmar side agreed ant accepted in princip!
he Team, the My anmar side finally confirmed the

e the components of the draft of final report

explained by the Team. After discussions with t

items described in Annex-L

2. Japan's Grant Aid scheme

The Myanmar side understands the Japan’s (rant Aid Scheme and the necessary measuress to

be taken by the G ovemnment of Myanmar as explained by the Team and described in Ann ex-TV and

x-V of the Minutes of Discussions signed by both parties on September 15, 2000.

Anne

3. Schedule of the Study
CJICA will complete t
Myanmar by March 2001.

he final report in accordance with the confirmed items and send it to

4. Other relevant issues
(1) The Myanmar side will be responsible for
le properly so that the Project can be comp

cooperation (o proceed each step of the

implementation schedu leted by the middle of March

2002.
(2) The Myanmar side agreed not to take
when the equipment is to be transported [T

off the mounted parts of the equipment from the trucks,

om/to Shan State.

{3) The Myanmar side requested the consultant services for 60 days in Myanmar as soft companent

program for operation and maintenance on electromagnetic and resistivity survey equipment as
one of the components of the Grant Aid. and assured to subsidize the expense to provide lecture
rooms and Water Resource Utilization Department (WRUD) personnel for this component.

(4) For the sake of the technology transfer on sustainable operation and maintenance, the Myanmar

side requested dispatch of Japanese experts as well as sending the Myanmar staff for technical

training in Japan.

(5) The Myanmar side promised t
properly and effectively under the safe drinking water supply programs.
pment to organize the appropriate number

hat all the equipment covered by the project will be utilized

(6) The Myanmar side agreed to employ the existing equi
of drlling teams.

(7) Both sides agreed all the equipment
two (2) units of the existing drilling rigs (TRD-300S), w

deployed in Mandalay will be also used in Shan State.
ils will be implemented by WRUD and by WRUD-

procured under the Project wili be used in Shan State. The

hich require spare parts, arc currently

(8) Construction of shallow and deep (ube we

Vi-2
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UINLCEF cooperation, based on the Safe Drinking Water Supply Programs for The Year 2001 —
2005 as shown in Annex-VI of the Minutes of Discussions signed by both parties on September
15, 2000, In the program for Shan State, Northern Shan Region is given the first prionty n
implementation.

(9) The place of detivery, assembly, and test operation is the WRUD workshop in Meiktila After
the test operation 18 comp leted, the equipment is to be handed over to WRUD. Assembly and
test operation are to be done by the engineers of the manufacturing companies of the main
equipment such as drilling ngs and geophysical survey equiprnent in order to provide instructions
for proper operation and maintenance. _

(10) The Myanmar side promised to establish WRUD office and workshop in Lashio, which are
planned to be comp'leted by the end of 2001,

(11) The Myanmar side strongly requested the following alteration in specification and spare parts
for some items. The Japanese side explained that it will be examined in Japan later, and the
Myanmar side agreed to accept the decision by the Japanese government.

a) A.l  More spare parts for top head drive rotary unit and its hydraulic pump unit
b)A.7 Two Cargo trucks with crane (6x2, over 6m long)
cyA. 12 Analytical items of the water quality test equipment are to be modified

(12) The Team handed one copy of the draft detailed specification of the equipment to the Myanmar
side. Both sides agreed that this draft specification is confidential and should not be duplicated or
released to any outside parties except for WRUD.

SO
(-
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Annex-I

List of Equipment to be Provided under the Japan

item No.

Al
A2-1
A2-2
A3
Ad
AS
A6
AT
A8
A9
A.10
ATl
A2

B.1

o2

ALY

Equipment with spare parts

Drilling rigs { Top head drive with DTH type)

High pressure air compressor (750 cfim, 30Cpst)
High pressure air compressor (600 cfin, 300pst)
Drilling tools

Low pressure air Compressor

Mobile workshop

Water tanker

Cargo truck with crane (6x6, over 6m long)
Pick up truck

Electromagnetic survey equipment

Resistivity survey equipment

Borehole logging equipment.

Portable water quality test equipment

Spare parts and drilling rigs for 2 units of TRD-300S

-.(—hh
RN

VI-4

's Grant Aid Project

Quantity

2 units
1 unit
| unit

units

| AN

units

unit

1>

units
units

units

S8 I P R

units
2 untts
2 units

2 untts

] set



THE GOVERNMENT OF THi U NION OF MYANMAR
MINISTRY OF AGRICULTURE A ND IRRIGATION
WATER RESOURCES UTHLIZATION DEPARTMENT

Date. 14" December , 2000
Ref Mazf\Ya/ 3.454
(1196 / 2000)

Dear Kayumi,

Subject: Provision of Drilling Rigs.

Regarding the provision of two units of Top Head Drive drill rig as mentioned in your
final draft report, we, WRUD, would like to place some comments On that subject for your
consideration and necessary action.

As you are aware, we have technical proficiency and capability In operation and
maintenance of Rotary Table fype drilling rigs through our decades long experience 1n
groundwater exploration.

However, we are happy to inform you that provision of Top Head Drive Drilling rigs ,
as an alternative option is acceptable , provided one top head drive assembly together with one
hydraulic pump assembly are included in each drill units | in addition to JICA’s normal routine
spare parts supplied .

It would be highly appreciated if the aforesaid parts were to be supply, as there have no
such Top Head Drive type rigs are being utilized both by the government and other agencies
and thus availability of those parts is inevitable.

Thankiag you for your usual cooperation and kind assistance.

Yours Sincerely

Kyaw Win 4] 2
(Director- Groundwater)
For Director General
Mr.Shigetada Kayumi
Team Leader
Basic Design Study Team
JICA

Copy to
-Director (Admin) WRUD
-Office copy
-Float VI.5



Appendix VII

Cost Estimation Borne by the Recipient Country



Appendix VII.  Cost Estimation Borne by the Recipient Country
No. Item Il’i I:é; Quantity Amount
1 Vehicles and labor cost for soft component
11l |2 vehicles including drivers and fuel (8days) (HSD) 1601 2x100 32,000
1.2] 110 labors (line men) x 8 days (DRIVER} 4700 2x1 9,400
1.3| |others (LABOUR) 100| 10x10 10,000
1.4 (OTHER) 10,000
sub-total 61,400
2 Materials and labor cost for commissioning
5 1] |materials and labor for test boring (5days) 108,100 2 216,200
2.2| |others
2.3| lsub-total 216,200
3 Cost for establishment of new Lashio District Office
3.1| [obtaining of land
32| |construction of main office ( 26 x 8 m2) 2,500,000 1 2,500,000
33| |construction of warehouse (15x 8 m2) 2,000,000 2 4,000,000
34| |construction of workshop ( 15x8 m2) 1,500,000 3 4,500,000
35| |cost of electric and water supply facilities etc. 1,200,000 1 1,200,000
3.6] |cost of office supplies (desks, chairs etc.) 500,000 1 500,000
3.7] |others 300,000
3.8] [sub-total 13,000,000
4|  Annual personnel cost of WRUD new Lashio district office
4.1; jhead (AD+AE) (1+4) 9700/ 7500 14 524,400
42| |chief driller 4) 5,900 4 283,200
43| |driller (G-3) (8) 5,300 8 588,800
4.4| idriller (G-4) 4) 4,700 4 225,600
45| |driller (G-5) (4) 4,100 4 196,800
4.6| (driver (8) 4,700 8 451,200
4.7 5,300 5 318,000
4.8 |clerk (UD) (3) 5,300 3 190,800
4.9| [labor, watchmen (5+1) 3,000 6 216,000
51 Annual personnel cost of WRUD geophysical survey team
5.1 lteam leader (AE) 8,500 1 102,000
52| |[chief geologist (Senior SAE) 6,500 2 156,000
53] |geologist A (data interpretation) 5,900 4 283,200
5.4] |geologist B (data collection) 5,900 8 566,400
5.5| [Helper (line man) 5,300 12 763,200
5.6{ |driver 4,700 2 112,800
6 Annual Operation and Maintenance Cost
6.1] [Expendables in Table 2.2.3
7 Fuel Mireage (gal/hour) gal/hour
7.11 |drilling rig : Borne ( 300 PS) HP 4
72| |drilling rig : TRD-300S (240 PS)HP 3
73] |high pressure air compressor (420 cfm,250 psi) 6
8 Water charge of WRUD waler supply
9] Maximum depth {m) of well using 4" UNICEF PVC Casing

Source: WRUD (answer to consultant's guestionnaire)

VII-1




Appendix VIII
Other Relevant Data
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Data-2: Climate in Lashio

MONTHLY RAINFALL (mm ) OF LASHIO STATION

YEAR| JAN | FEB [MAR| APR |[MAY| JUN |JULY AUG| SEP | OCT | NOV | DEC
1981 1 7 2 58 294 247 117 91 226] 109| 168 36
1982 0 4 of 102 49| 273| 155 391| 202 41 86 0
1983 0 12 59 73| 112 280| 159 2251 249] 195 124 38
1984 4 1 0 49| 143| 338 208} 299 193] 253 0 8
1985 0 1 4 41| 228| 141 281) 261} 250 75 79 0
1986 0 0 3 68 70| 210( 314 199 821 367 26 1
1987 14 30 22 95 3g| 280| 108| 327/ 323 53 95 7
1588 0 0 0 87| 154 196] 209 238 79 63 74 0
1989 0 0 6 70 981 193| 342| 348 119] 175 30 18
1990 0 13 24 a1 256] 130 144| 199] 159 102 26 10
1991 2 0 1 761 2220 233 104| 361 217| 212 106 11
1992 12 24 0 15 37 97| 221 118| 214| 279 36 7
1993 2 38 1 21| 185 213 184 217] 207 178 4 0
1994 0 8 58 44 68| 211| 228] 236] 198 37 49 9
1995 0 2 0 13| 116] 224| 220| 283 289| 131| 225 0
1996 0 4 50 84 56 133| 300 231} 225 70 75 8
1997 0 0 13 44 72| 114 234} 295 301 93 17 16
1998 5 0 29 62| 155 163 198 189 170 87 21 0
1999 1 0 1 37| 138| 109| 262| 217] 187| 184| 141 1
2000 1 28 30 93| 139| 203| 350
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Mean MAXIMUM TEMPERATURE (°C) OF LASHIO STATION

YEAR| JAN | EEB | MAR| APR [ MAY| JUN [JULY| AUG SEP | OCT | NOV | DEC
19811 25.1] 28.2| 30.5] 31.5] 30.2] 29.3] 299 29.9 29.8| 29.1 25| 234
1982 24.5| 26.6| 31.7 301 33.2] 30.1] 29.9 29 30| 283 25 23
1983| 23.5 78 28.6| 31.6| 30.1] 30.4| 30.3| 29.1] 29.2| 299 24.7 23.3
1984 24.5| 28.5 35 333 305| 29.3[ 282 29.5] 29.5| 281 27.5) 255
1985| 25.71 27.1 39 332 32.1| 301 28.6] 29.7{ 28.9] 28.8] 25.8 25.2
1986 257 28.5] 309 34, 324 31 28.3] 30.5 302 28| 26.9| 26.3
1987| 25.5 27| 29.9| 32.11 339 303 30 29.7] 29.1 29| 27.6] 24.5
1988 55| 28.8| 31.9| 32.3| 32.1| 30.6] 29.8] 29.3; 30.7 29.8 26] 25.6
1989 25.7| 26.5| 31.7| 33.9] 33.1] 30.9| 294 29.8 30.5] 29.1| 26.7) 23.3
1990 25.7| 25.9) 27.4f 31.9] 304 30| 28.7 30] 29.9] 28.8 281 24.4
1991 25.8 391 327 33.1f 30.9 29.8| 29.8] 28.9| 303 28| 26.2f 24.3
1992 235 23.8] 31.7| 33.7] 32.2| 31.6| 28.7 30 29.8] 25.9| 25.9| 23.1
1993 24.1| 26.1] 30.6| 32.8] 30.8] 29.9| 30.1] 28.6 30| 283 28 27
1994 27.7| 285 311 327 33.4| 30.2 30[ 29.2[ 30.4| 29.3| 269| 254
19051 26.0| 28.4| 33.1| 35.2| 32.7| 30.6| 29.9| 295 287 30.2 26| 24.6
1996 25.4| 27.4| 30.5 32| 31.9] 29.6] 28.7| 28.9| 30.1] 29.71 26.7 25
1997 24l 6.4 30.7| 29.7| 31.7| 230.8 29.4| 29.7| 28.8| 29.2 27| 25.3
1998 25.9 27.9) 30.9] 322 31 31.1] 2771 29.3] 30.7| 308 29) 26.7
1999| 26.1| 31.3| 31.7[ 347 30.5| 30.7] 29.7) 284 29.7| 289| 26.7| 24.2
2000f 26.2] 26.8] 29.2 32 29.1] 30.2] 293

Mean MINIMUM TEMPERATURE (°C) OF LASHIO STATION

VEAR| JAN | EEB | MAR| APR [MAY| JUN |JULY| AUG SEP | OCT | NOV | DEC
19811 6.4 5.8 10.4] 14.9] 19.6 22| 222 22.1] 20.9] 19.7] 15.9| 10.5
1982 5.5 7.1 87 15| 18.6] 21.8] 22.2] 21.6] 20.9| 18.6 13 7
1983 4.4 gl 11.2] 14.1 18| 21.8 22.5 21.8] 20.6] 19.4| 13.6[ 59
1984] 57| 6.7 74| 161 199 21.4| 21.4| 214) 194 18 111 8.1
1985 3.8 3.6 94| 157 19| 22.1| 21.2| 21.6] 20.4| 13.5] 124/ 64
1986 5.2] 55| 7.8 16| 18.9] 21.6] 21.7; 21.6f 20.2] 187 115 9
1987| 6.6] 6.5f 9.7| 145 181 22.2 22| 21.6] 21.2] 16.6] 149] 8.1
1988} 58] 59 96 151 202] 21.2[ 21.9] 219 21.2[ 189| 132| 7.8
1989 2.4 51 04| 134 193] 21.3] 215 21.3| 211 19.1] 113 6.3
1900| 41| 6.4| 10.2{ 13.8] 187 21.8| 21.5| 214 2031 17.3] 149 6.9
1991 5.1| 4.4 9.4 14.7] 185 21.8] 21.9] 215 2i.1 19.4| 14.2] 6.3
1992 53| 6.4, 93| 13.6] 17.9] 21.1] 21.4| 215 205| 179 126/ 6.3
1993| 4.7 6 8| 12.8] 183 21 221 21.8] 20.7{ 19.5[ 122 5.9
1904] 3.4 47| 9.1 14.4] 19.7] 21.9] 21.6| 21.6| 213 16.6{ 122 6.6
1995 4.1 51 7. 14.3) 203| 224 22 21.8| 20.8 189 159 73
1996] 4.7] 6.8 11| 14.3] 19.5] 21.1 22 21.6] 209 18.6] 13.4| 10.3
1997] 32| 3.6 10| 14.1; 181 21.3| 22.1 22| 20.3] 17.5| 141 99
1008 5.7| 7.5 105 13.4] 19.4| 21.9| 225| 223 20.8| 18.8] 139 7.7
1999| 44| 62| 79| 157 20| 21.8| 21.7 22| 21.2| 19.2| 13.1] 78
2000 3.8 6.2| 10.9] 152| 194 21.8] 21.6
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Mean RELATIVE HUMIDITY ( %) at 09:30 hrs M.S.T (Lashio Station)

TEAR| JAN | FEB | MAR| APR [MAY[ JUN |JULY| AUG SEP [ OCT | NOV [ DEC
1981 86 72 56 61 74 81 76 78 82 85 89 87
1982 89 74 56 69 65 80 78 84 82 85 85 84
1983 87 89 65 60 67 75 79 85 84 82 88 85
1984 87 75 61 56 74 78 81 82 83 85 36 89
1985 82 68 55 55 67 77 77 86 85 88 87 83
1986 89 75 58 56 66 76 84 82 80 83 84 81
1987 87 80 64 64 59 78 76 82 84 80 87 87
1588 85 73 54 59 75 76 77 83 80 84 87 88
1989 78 67 58 42 60 74 82 83 82 81 84 83
1990 81 74 69 56 72 80 84 82 83 82 82 89
1991 84 64 56 59 76 80 79 86 85 86 90 89
1992 90 81 56 48 64 76 82 83 85 87 83 90
1993 85 78 58 54 73 31 81 87 83 87 33 82
1994 80 68 61 64 67 80 84 85 84 82 83 88
1995 78 64 52 42 67 76 80 86 86 84 87 86
1996 84 73 58 61 69 79 82 82 85 82 86 89
1997 83 75 63 70 69 76 86 82 86 85 89 92
1998 87 74 68 67 75 81 84 86 87 84 82 83
1999 93 65 59 58 76 77 83 87 92 87 90 86
2000 82 75 69 74 81 78 88

MEAN RELATIVE HUMIDITY ( % ) at 18:30 hrs M.S.T (Lashio Station)

YEAR| JAN | FEB | MAR| APR [MAY[ JUN [JULY| AUG SEP | OCT { NOV | DEC
1981 64 51 43 51 71 78 75 79 83 81 84 79
1982 66 56 37 62 59 81 75 81 75 77 82 73
1983 66 54 50 47 61 71 75 84 81 79 83 71
1984 71 48 36 49 68 76 78 81 80 81 70 73
1985 57 40 36 42 59 73 73 81 81 76 80 74
1986 66 49 35 44 63 77 84 82 78 74 76 70
1987 66 56 45 48 54 79 77 83 81 79 77 73
1988 62 51 39 51 75 76 75 84 78 79 78 79
1989 64 48 37 33 59 70 81 81 83 83 81 78
1990 65 61 56 53 72 78 79 81 82 80 80 78
1991 64 42 37 48 75 77 76 83 82 90 80 77
1992 72 64 43 39 62 68 82 83 84 86 83 81
1993 74 64 46 44 74 80 77 84 83 85 76 71
1994 60 49 43 53 61 77 78 84 82 76 80 77
1995 62 51 34 32 69 77 78 83 84 82 84 74
1996 62 51 45 48 64 74 81 83 &1 78 81 79
1997 66 52 46 57 63 77 78 82 84 75 80 75
1998 60 48 52 51 63 78 81 82 82 79 75 71
1999 61 44 33 47 68 71 78 83 81 83 80 72
2000 57 51 47 56 74 72 81
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MONTHLY MEAN OF EVAPORATION (Lashio)

JAN | FEB [MAR| APL |[MAY| JUN | JUL | AUG| SEP | OCT | NOV DEC
1981 |Mean 3.1 441 5.3] 55| 47| 35 3.8 44 33 33 2.6 2.6
Sum 04.9| 124.1| 164.5| 163.6| 144.5| 103.8| 117.9| 135.7| 99.7| 103.1 78 79.4
1982 |Mean 3 4 6 4 6 4 4 5 3 3
Sum 90.6| 125.9| 175| 130.9| 172.4 133| 119.7] 150.3} 104.4} 83.1
1983 |Mean 9|l 36| 48] 55 42| 377 34 28 3.1 32 21 2.6
Sum 00| 100.9] 148.5| 166.3| 130.1] 110.5| 106.7| 86.3| 94.1 99| 64.3 81.1
1984 |Mean 3.1 a6l 56| 58 44| 311 29 27 37 31 3 2.8
Sum 95.9| 133.6| 174.9] 172.9| 135.5| 92.8| 90.3| 85.1} 112.5| 95.6 91.3 87.7
1985{Mean 32| 47 6.1 6] 5.1 3.9 2.8 3 2.6/ 3.1 2.6 2.6
Sum 08.11 131.6] 188.5| 178.6| 159.1] 118.3] 87.7| 93.9 791 96.1 78 81
1986|Mean 2.7 4.1 5.1 6.3 5.7 4t 221 39 4.3 2l 32 2.8
Sum 847! 116.2] 158.5| 188.4| 176.1| 119.1| 67.5] 119.4] 128.1 63| 95.7 86.8
1987|{Mean 3 4 5 7 3 4 3 3 4 3 3
Sum 90.8] 118.1 154.3| 206.2] 97.9| 125.4| 93.1] 81.6{ 118] 86.2 809
1988|Mean 3.2 4.5 5.6 4.8 4.1 3.5 371 29 36| 34| 21 2.4
Sum | 100.6| 131.3] 172.3] 143.5] 126.9] 105.7| 114.9| 88.7| 108.8 105.5| 61.7 75.6
1989|Mean 3.7t 5.1 6 7l 6.8 4 3.3} 33 34| 277 32 2.7
Sum | 115.3| 141.5] 185.8{ 211.3] 209.4| 118.9] 101.4] 101| 102.1 85| 95.7 842
1990|Mean 3.9 3.7 43 57| . 4.4 38/ 2.6 39 3.1 32 31 2.6
Sum | 121.1| 104.6] 131.9] 171 135.6] 114.9| 82.1] 121.6] 93.5] 98.4 02.2 81.8
1991|Mean 3.4 5] 5.8 6f 45| 36| 3.8 26 31 23 2.6 2.6
Sum | 104.4| 140.3[ 178.5| 180.1| 138.8| 109.1| 116.5] 79.2; 93.9| 71.1 77.7 81.8
1992 |Mean 271 3.3} 6.1 66| 59| 48} 28 34 3.1 257 25 2.2
Sum 83.4| 95.8| 189.4| 197.4| 184.4| 142.5 88| 104| 91.6| 76.1] 74.8 67.7
1993|Mean 3 4 5 3 3 2 2
Sum 94| 106| 157.7 093,11 99.1| 74.9 74.4
1994|Mean 4 5 5 6 3 3 2 3 3 3
Sum | 115.2| 129.2] 159] 166.4 927 89.3 54| 86.8] 91.2 80.5
1995|Mean 3 4 6 3 3 2 4 2
Sum 106] 122.8) 180.1 97.1| 82.1| 65.4| 111.4] 63.2
1996|Mean 3.4 42 55 49 42| 35 26 3 3.1 291 25 2.2
Sum | 104.9| 122.1} 169.4| 146.9] 130.3] 106.4| 79.4| 94.2 93.1 89.3 75 67.2
1997|Mean 3 5 4 5 4 4
Sum 92.4 140.21 124| 145.2| 123.1| 108.9
1998|Mean 4 5 5 6 4 5 3 3 4 4 4
Sum | 108.9] 133.9| 164.3] 178] 137] 141.9| 89.1] 102.6; 124.3 115 111.8
1999\ Mean 3.6 53| 54 6.1 4.1 46| 38] 25 31 3.1 2.5 2.6
Sum | 112.7] 147.7] 168.3| 183.2| 128.5| 138.8| 117.2| 77.8] 89.3| 95.9 73.8 80.2
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Data-6:

List of Proposed Deep Tubewell Drilling Programme
in Northern Shan State

Sr. Township 2002 2003 2004 2005 Total
1 Lashio 15 10 10 5 40
2 Theinni 5 10 15 30
3 Kutkhaing 15 15 30
4 Thipaw 15 15 30
5 Kyaukme 15 15 30
6 Naungcho 15 15 30
7 Muse 15 15 30
8 Namkham 15 15 30

Total 60 60 65 65 250

Note: WRUD Program
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Outline of WRUD Miektila Workshop
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