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Preface

In response to a request from the Government of the Federal Democratic Republic of Ethiopia,
the Government of Japan decided to conduct a basic design study on the Project for the
Improvement of the Equipment for Groundwater Development in the Federal Democratic Republic
of Ethiopia and entrusted the study to the Japan International Cooperation Agency (JICA).

JICA sent to Ethiopia a study team from August 14 to September 10, 2008.

The team held discussions with the officials concerned of the Government of Ethiopia, and
conducted a field study at the study area. After the team returned to Japan, further studies were made.
Then, a mission was sent to Ethiopia in order to discuss a draft basic design, and as this result, the
present report was finalized.

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

I wish to express my sincere appreciation to the officials concerned of the Government of the
Federal Democratic Republic of Ethiopia for their close cooperation extended to the teams.

February 2009

Ariyuki MATSUMOTO
Vice President
Japan International Cooperation Agency
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Letter of Transmittal

We are pleased to submit to you the basic design study report on the Project for the
Improvement of the Equipment for Groundwater Development in the Federal Democratic Republic
of Ethiopia.

This study was conducted by Kokusai Kogyo Co., Ltd., under a contract to JICA, during the
period from August 2008 to January 2009. In conducting the study, we have examined the feasibility
and rationale of the project with due consideration to the present situation of Ethiopia 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,

Akira KAMATA

Project manager,

Basic design study team on

the Project for the Improvement of the
Equipment for Groundwater Development
in the Federal Democratic Republic of
Ethiopia

Kokusai Kogyo Co., Ltd.
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1. Background of the Project

Given its low rate of access to safe water, Ethiopia launched a national water supply program called
“Universal Access Program (UAP)” in 2005. The UAP aims to achieve water supply coverage of 98%
in rural areas and 100% in urban areas by 2012. In order to achieve the UAP goal, more than 50,000
personnel from the government and private sectors are required both in rural and urban water supply
sectors. However, only approximately half of the posts requiring staffing in the water supply sector are
filled at present. This indicates a critical personnel shortage in the water supply sector nation-wide, in
addition to the particularly low technical capability of these staff, which causes a serious impediment
for implementation of water supply development and maintenance.

In response to this situation, Japan assisted in establishing the Ethiopia Water Technology Center
(EWTEC) during a technical assistance project titled Groundwater Development and Water Supply
Training Project from January 1998 to March 2008 (hereinafter referred to as “the EWTEC Project”)
(phase 1, follow up, and phase 2)). During the 10 years the project took place, JICA implemented
various kinds of technical training courses such as drilling technology and O&M, etc., conducted
groundwater resource investigations, and disseminated appropriate technologies for water resource
development. Although much training equipment was introduced at the start of this technical
assistance project (1998-1999), it is now necessary to replace some of the equipment that has
gradually degraded over the past 10 years.

Moreover, due to Ethiopia’s decentralization policy, the responsibility of rural water supply fell
entirely to the Woreda water offices. However, due to a lack of experienced personnel and other staff,
nine Water Technology Departments were established in March 2003 at the vocational training
colleges, i.e. Technical Vocational Education and Training Colleges (TVETC) throughout the country.
Each TVETC is operated by the regional government, however, educational aspects of the Water
Technology Departments, such as developing the curriculum and recruiting teachers of technical
subjects, as well as supplying training equipment, etc., is the responsibility of the central government’s
Ministry of Water Resources (MoWR). However, in the end, due to the lack of field training
equipment and student transportation to field sites, training at the Water Technology Department has
tended to be in the form of classroom lectures. This outcome has received criticism that this does not
sufficiently fulfill the original request of cultivating actual practical skills necessary for rural water
supply development.

Further, due to the strong desire from Ethiopia, Japan is planning to start phase 3 of the EWTEC
Project over the next five years from 2009. This project plans to widen participation to include the
general public and NGOs, and also to increase the number of training programs available. The
introduction of new training equipment is necessary for the implementation of these new training
programs.

Presently the EWTEC project falls under the umbrella of the Ministry of Water Resource, Rural
Water Supply and Sanitation Bureau, which is a part in the ongoing Business Process Reengineering



Summary

(BPR), and is ultimately considered a permanent institute under the Water Sector Support and
Capacity Building Process Team. In the future, EWTEC’s place as a permanent cornerstone will be
further cemented with the start of Phrase 3, planned for the beginning of 2009. In this phase, the
operational capacity of EWTEC is to be strengthened to serve as the center of development of
groundwater and water supply human resources.

This project is in response to a request by the Ethiopian government made in light of the
above-stated conditions and submitted in fiscal year 2007 (originally submitted in fiscal 2006, but
modified and resubmitted).

2. Outline of the study results and project contents
(1) Outline of the study in Ethiopia

Based on the request from Ethiopia, Japan International Cooperation Agency (JICA) sent a basic
design study team to Ethiopia from August 14 to September 10. The study team had discussions
with Ethiopian government officials and visited 9 TVETC located in regions to investigate their
present condition. During the study in Ethiopia followed by a study in Japan, validity of each unit of
equipment was examined based on the original list of requested equipment and specifications were
compiled. After the study in Japan, the study team visited Ethiopia to explain draft report of the study
from December 15 to December 23, 2008.

(2) Design policy

This grant aid was designed based on the following policy as a result of the study in Ethiopia and
discussion with Ethiopian government officials considering development of human resources engaged
with water supply activities and the UAP target.

@ Basic policy

B The equipment necessary for the new training courses to be introduced in the technical
assistance project, named “Ethiopia Water Technology Center Project Phase 3,” shall be
procured.

B The replacement or addition of new equipment shall be verified in cases where the equipment
used in existing programs at EWTEC is obsolete or broken.

B Procurement of new equipment to be used for training at TVETC shall be verified with cost,
needed personnel, and operation and maintenance standards in mind.

@ Policy on operation and maintenance
B Operation and maintenance capability shall be verified based on the present condition of
equipment operation, state of operation and maintenance, presence of someone to supervise the
equipment, and budget.
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B Operation and maintenance capacity, especially regarding vehicles, shall be verified based on
fuel and maintenance costs calculated upon their planned use in the respective training
curriculums of EWTEC and TVETC.

B Equipment that requires spare parts shall be procured with consideration given to the degree of
difficulty in procuring them in Ethiopia.

@ Policy on equipment grade

B The grade and specification of equipment appropriate for use in EWTEC project phase 3 should
be considered based on universality and possibility of future dissemination in Ethiopia.

B EWTEC equipment type and specifications should match the level of prospective trainees for
the groundwater development and management technology courses.

B The model and specifications for a EWTEC drilling rig with completed well depth of 300m
should be determined in consideration of the high level of target participants in EWTEC project
phase 3 and the growing demand for deep well drilling in Ethiopia.

B The model and specifications of TVETC equipment should match the training course
curriculums of the water technology departments and expected achievement of the trainees.

B The equipment should comply with the physical capacity of EWTEC. Equipment which
requires renovations for installation should be eliminated unless the installation space is secured.

B The vehicles should be durable and powerful enough to be used for the field practice of EWTEC
and TVETC in consideration of the weather and road conditions in Ethiopia.

B The specifications of EWTEC training course equipment should be selected keeping in mind its
use in on-the-job (OJT) well drilling training and maintenance requirements.

(3) Contents and scale of the project
The contents and the scale of the project were planned to match new courses of EWTEC project
phase 3. For TVETC, the contents and the scale were set for practical training equipment in the water
technology department. The planned equipment to be procured in this project is shown in the table
below.
Planned equipment for EWTEC

Category Item Purpose Q’ty

Equipment for geophysical exploration to 1 unit
investigate groundwater using electromagnetic
wave. The equipment is capable of an
exploration depth range up to 300m.

Resistivity meter

Groundwater Commonly used equipment for geophysical lunit
Investigation exploration for ground water investigation.

Electro-magnetic meter . - .
g The equipment is used to select the location of

well drilling.
Loaaing equipment Used for logging a well after drilling, and lunit
gging equip selecting a proper point for screen.
Drilling . . . A rig for rehabilitation of existing wells, with 1set
Service Rig and its tools .
Technology a high pressure pump, and washes wells by
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Category Item Purpose Q’ty
jetting and brushing.
Truck mounted rotary rig with drilling 1set
. capacity of 300 m. The equipment is used for
300m Rotary Rig and o e .
. Y~ drilling wells of 300m depth which is now in
accessories . . . .
high demand in Ethiopia, and for practice by
drilling successful wells in the field.
Used for Down the Hole drilling method 1 unit
Air Compressor (DTH) with compressed air, and together with
300m rotary rig.
Low pressure air compressor and its tools 1 set
A . for washing wells after drilling, and pumpin
Air lifting and Pumping . g . g . _p P .g
. tests equipment. Used for investigating aquifer
test equipment . L
capacity and pumping discharge of the well by
test pumping using submersible pump after
drilling.
For transportation of drilling rods, hammer, 2 units
Crane truck generator, reservoir and other tools necessary
for 300 m rotary rig.
Drilling tools for existing Tools required for the existing 150 m drilling 1 set
drilling machine rig in EWTEC.
Measuring and Tools required for maintenance of rig and 1 set
- . maintenance equipment trucks. They are used for training of
Drilling Machinery . .
. and tools maintenance through practical work.
Maintenance : :
Cut away models of major vehicle parts to 1 set
Cut models .
show the structure and function of each part.
Electrical/electronics Used to show the fundamentals of electric 1 set
trainer and measuring circuit required for maintenance of electrical
Electric Machinery | equipment equipment in common water supply facilities.
Maintenance Cut away models of general electric motors in 1 set
Cut models water supply facilities. Used to show the
structure and function of each part.
Equipment to detect water leakage from water 1 set
Survey equipment supply pipes, which is becoming a bi
Water Supply y €equip pply p _P g abig
) . problem in urban areas.
Engineering . L
For analyzing drinking water by 1 set
Incubator . . . .
microorganism test of Bacillus coli and so on.
Bus For transportation of trainees and instructors 1 set
for field trips.
Transportation For transportation of tools and equipment for 2 units

4WD long wheel base
hardtop

field trips such as groundwater investigation,
well drilling, and well rehabilitation.

Vi
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Planned equipment for TVETC

Category Item Purpose Q’ty
Equipment for practical | As stated in the left column, item list, the
Training (Survey | equipment is used for practical training such as;
equipment, Geology/Soil | survey training, geological and soil mechanics
Equipment for 9 | Mechanics Equipment, | survey training, water quality analysis training 9 sets
TVETCs Water quality, soil meter | and so on.
etc, Generator etc., Pump
etc., Welding machine etc.,
Tools)
. For transportation of trainees and instructors
Transportation Bus 9 sets

for field trips.

Vii
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3. Schedule and initial cost estimation of the project

(1) Schedule

The table below shows the schedule of implementation design, tender, and procurement

Implementation Schedule

Month

1

2

3

4

5

6

7

8

9

10

11

Implementation

Il (Confirmation of plan)

Il (Verification of documents)

‘(Review of specification documents, p

repar

ation

of tender documents)

Plan |
] (Posting tender notice, Tendering and evaluation)
(about 4.5 months total)
(Equipment procurement)
I::l (Pre—shippin‘g insLection)
Procs:nment (Shipping, customs clearing)

(Unpacking, inspection instruction on operation)

(about 13 months total)

(2) Initial cost estimation

The cost borne by the Government of Ethiopia will be 239.3 million yen. This cost estimation is

provisional and would be further examined by the Government of Japan for the approval of the Grant.

viii
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Chapter 1 Background of the Project

1-1 Background

Given its low rate of access to safe water, Ethiopia launched an ambitious national water supply
program called “Universal Access Program (UAP)” in 2005. The UAP aims to achieve water supply
coverage of 98% in rural areas and 100% in urban areas by the target year 2012. In order to achieve
the UAP goal, more than 50,000 personnel from the government and private sectors are required both
in rural and urban water supply sectors. However, only approximately half of the posts requiring
staffing in the water supply sector are filled at present. This indicates a critical personnel shortage in
the water supply sector nation-wide, in addition to the particularly low technical capability of these
staff which causes a serious impediment for implementation of water supply development and
maintenance.

In order to improve this situation, Japan provided the following assistance.

@O From January 1998 to January 2003, the technical assistance project titled ‘Groundwater
Development and Water Supply Training Project’” was implemented. This involved the
establishment of a training center on the outskirts of Addis Ababa. Here, training in a variety of
disciplines for groundwater development and water supply technology were started, such as
groundwater investigation and well drilling technology, drilling rig maintenance management,
operation and management of water supply facilities.

From 2003 to 2005, follow-up assistance of this project was implemented.

From 2005 to 2008, phase 2 of the project was implemented. The name of this training center

was changed to Ethiopia Water Technology Center (EWTEC), and in addition to previous course

content participants were invited from 15 different African countries. Under this third-country
training system, advanced training is given by Japanese experts in groundwater development and
management such as groundwater modeling, GIS, and remote sensing.

A certain degree of success has been achieved by the completion of project phase 2, with graduates

of the EWTEC course totaling 1,856 people, comprised mostly from Ethiopia’s four main regions,

Oromia, SNNPR, Amhara and Tigray. Although much training equipment was introduced at the start

of this technical assistance project (1998-1999), it is now necessary to replace some of the equipment

that has gradually degraded over the past 10 years.

Further, due to the strong desire from Ethiopia, Japan is planning to start phase 3 of the EWTEC
Project over the next five years from 2009. This project plans to widen participation to include the
general public and NGOs, and also to increase the number of training programs available (to a total of
20 courses). The introduction of new training equipment is necessary for the implementation of these
new training programs.

Presently the EWTEC project falls under the umbrella of the Ministry of Water Resource (MoWR),
Rural Water Supply and Sanitation Bureau, which is a part in the ongoing Business Process
Reengineering (BPR), and is ultimately considered a permanent institute under the Water Sector
Support and Capacity Building Process Team. In the future, EWTEC’s place as a permanent
cornerstone will be further cemented with the start of Phrase 3, planned for the beginning of 2009. In
this phase, the operational capacity of EWTEC is to be strengthened to serve as the center of
development of groundwater and water supply human resources.

© O
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Moreover, due to Ethiopia’s decentralization policy, the responsibility of rural water supply fell
entirely to the Woreda water offices. However, due to a lack of experienced personnel and other staff,
nine Water Technology Departments were established in March 2003 at the vocational training
colleges, i.e. Technical Vocational Education and Training Colleges (TVETC) throughout the country.
Each TVETC is operated by the regional government, however, educational aspects of the Water
Technology Departments, such as developing curriculum and recruiting teachers of technical subjects,
as well as supplying training equipment, etc., is the responsibility of the central government’s Ministry
of Water Resources (MoWR). However, in the end, due to the lack of field training equipment and
student transportation to field sites, training at the Water Technology Department has tended to be in
the form of classroom lectures. This outcome has received criticism that this does not sufficiently
fulfill the original request of cultivating actual practical skills necessary for rural water supply
development.

This project is in response to a request by the Ethiopian government made in light of the
above-stated conditions and submitted in fiscal year 2007 (originally submitted in fiscal 2006, but
modified and resubmitted).

1-2  Project Overview

The Universal Access Program (UAP) is the topmost plan in Ethiopia’s water supply project,
aiming to achieve water supply coverage of 98% in rural areas and 100% in urban areas by the target
year 2012. Achievement of this objective will require a construction budget as well as some 50,000
personnel in the water supply sector.

In order to contribute to achievement of this objective, this project seeks to provide equipment
provisions for ground water development necessary for training to strengthen existing personnel at
EWTEC as well as toward cultivation of those trained at TVETC, eventual human resources for
Woreda water offices. These equipment provisions to be used by the target organizations are as shown
in Table 1 and Table 2 below.

Table 1 Equipment for EWTEC

Purpose Items Q'ty Remarks
Resistivity meter lunit | 2D image
Groundwater ; - . -
L Electro-magnetic meter 1 unit Time Domain
Investigation - - -
Logging equipment 1 unit
Service Rig 1 set For well rehabilitation
300m Rotary Rig and accessories 1 set Truck mount
- Air Compressor 1 unit [ Truck mount
Drilling .
Air lifting 1 set
Technology - -
Pumping test equipment 1 set
Crane truck 2 unit
Drilling tools for existing drilling machine 1 set
Drilling Measuring and maintenance equipment and 1 set
Machinery tools
Maintenance Cut models 1 set
Electric Electrical/electronics trainer and measuring 1 set

1-2
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Machinery equipment
Maintenance Cut models 1 set
Water Supply Survey equipment 1 set Leakage detector
Engineering Incubator 1 set
. Bus 1 pcs For 30 people
Transportation 3
4WD long wheel base hardtop 2 units

Table 2 Equipment for TVETC (for 9 TVETC)

Purpose Items Qty Remarks
. 9sets | Total station, planimeter, auto
Survey equipment
level etc.
9 sets Compass, filtration meter,
Geology/Soil Mechanics Equipment permeability test Kit, soil
Education & sampler, Sieve etc.
Training for 9 sets Conductivity/pH/temperature
specialized Water quality, soil meter etc. tester, water quality analysis
knowledge and kit etc.
skills Generator etc. 9 sets Diesel generator etc.
9 sets Submersible pump, surface
Pump etc.
pump etc.
Welding machine etc. 9sets | Welding machine (mobhile)etc.
Tools 9 sets Pipe wrench etc.
Transportation Bus 9 sets For 30 people

The items planned to be procured for EWTEC are shown in Table 1, starting with geophysical
exploration and drilling equipment for field trips and practical exercises in phase 3 of the project,
equipment needed for the operation and maintenance of the aforementioned items, cut models for
theoretical study, and vehicles for the transportation of students and equipment. Items planned to be
procured for TVETC are shown in Table 2, including pumps, tools, and small equipment to be used by
the students of the water supply school in their classrooms as well as field study of geology, soil
properties, surveying, and also vehicles for transporting students.

1-3 Natural Conditions

Area of the country is 1.1 million km? and most of the area is high land represented by the Ethiopian
plateau and the land is divided by African rift valley running from north to south. The target sites are
located at Addis Ababa and 7 other regions. The geographical character differs from high land, which
altitude is over 2,300m at Addis Ababa, to low land with dry and hot weather in the Somali region.
The major rainy season is from June to September, and dry season is from October to May. There is a
minor rainy season from January to February.

1-4 Environmental and social impact

There is no negative environmental and social impact by the project implementation.

1-3
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Chapter 2 Contents of the Project

2-1 Basic Concept of the Project
2-1-1 Overall goal and project objective

Based on the background mentioned in Chapter 1, this project plays an important role as one of
human resource development activities in Ethiopia. Therefore, the overall goal is to improve quality of
human resources, and the project objective is to improve environment for practical training of human
resources engaged in water supply development, and operation and maintenance.

2-1-2 Outline of the project

This project is to procure equipment for practical training at EWTEC and 9 TVETC for groundwater
development and water supply in Ethiopia.

In addition, the procured equipment will be utilized at EWTEC and TVETC, during EWTEC project
phase 3, starting from January 2009, under the technical support of Japanese experts.

2-2 Basic Design of the Requested Japanese Assistance
2-2-1 Design Policy
2-2-1-1 Basic policy

B The equipment necessary for the new training courses to be introduced in the technical assistance
project, named “Ethiopia Water Technology Center Project Phase 3,” shall be procured.

B The replacement or addition of new equipment shall be verified in cases where the equipment used
in existing programs at EWTEC is obsolete or broken.

B Procurement of new equipment to be used for training at TVETC shall be verified with cost,
needed personnel, and operation and maintenance standards in mind.

2-2-1-2 Policy on operation and maintenance

B Operation and maintenance capability shall be verified based on the present condition of
equipment operation, state of operation and maintenance, presence of someone to supervise the
equipment, and budget.

B Operation and maintenance capacity, especially regarding vehicles, shall be verified based on fuel
and maintenance costs calculated upon their planned use in the respective training curriculums of
EWTEC and TVETC.

B Equipment that requires spare parts shall be procured with consideration given to the degree of
difficulty in procuring them in Ethiopia.

2-2-1-3 Policy on equipment grade

B The grade and specification of equipment appropriate for use in EWTEC project phase 3 should be
considered based on universality and possibility of future dissemination in Ethiopia.
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B EWTEC equipment type and specifications should match the level of prospective trainees for the
groundwater development and management technology courses.

B The model and specifications for a EWTEC drilling rig with completed well depth of 300m should
be determined in consideration of the high level of target participants in EWTEC project phase 3
and the growing demand for deep well drilling in Ethiopia.

B The model and specifications of TVETC equipment should match the training course curriculums
of the water technology departments and expected achievement of the trainees.

B The equipment should comply with the physical capacity of EWTEC. Equipment which requires
renovations for installation should be eliminated unless the installation space is secured.

B The vehicles should be durable and powerful enough to be used for field practice of EWTEC and
TVETC in consideration of the weather and road conditions in Ethiopia.

B The specifications of EWTEC training course equipment should be selected keeping in mind its
use in on-the-job (OJT) well drilling training and maintenance requirements.

2-2-2 Basic Plan (Equipment Plan)
2-2-2-1 Equipment for EWTEC (A-F)

A. Groundwater Investigation

Among the basic courses at EWTEC, practical training for geophysical exploration is the most
important part of the curriculum in the ground water investigation course. The geophysical exploration
equipment EWTEC has are resistivity meters and electro-magnetic meters (frequency domain), which
are used on every training course. Also, in EWTEC phase 3 a new advanced course specializing in
geophysical exploration is planned for which the procurement of new geophysical exploration
equipment was considered. As a result, procurement of the following equipment is planned.

A.1 Electro-magnetic meter (Time Domain)

The electro-magnetic meters with a frequency domain exploration depth range from 60 to 80m, has
been the most common type in this field until now, and is used by EWTEC for field geophysical
exploration training in the groundwater investigation course. Electro-magnetic meters with a time
domain are capable of an exploration depth range more than 300m, and recently, these meters are
becoming more commonly used since they were introduced in geological survey offices in Ethiopia, at
the Addis Ababa Water and Sewerage Authority, and so forth. As mentioned later in the report, the
drilling depth has increased in the last few years in Ethiopia, and thus the use of time domain meters,
which can explore deeper than frequency meters, is on the rise.

The electro-magnetic meter for time domain measurement is considered suitable for practical training
of the new specialized training course of geophysical survey in the EWTEC project phase 3, and the
depth of measurement should be more than the 300m planned drilling depth. Considering the number of
trainees planned for the geophysical survey course is 12 and the fact that other practical training using
geophysical equipment will take place at the same time, procurement of one new meter, including
cables and other accessories, is planned.

A.2 Resistivity meter (two-dimensional image)

The resistivity meters currently in use have only a small output of 50W and quite a shallow
exploration depth. Presently they are only used for vertical or horizontal exploration. There is a need
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for resistivity meters that are capable of two-dimensional exploration and have higher output (over
100W), for two main reasons. Firstly, a new advanced course specializing in geophysical exploration is
planned in EWTEC phase 3. Secondly, with the planned procurement of 300m class drilling machines
in this phase there is a need for geophysical exploration to yield a higher rate of drilling success. Yet
another consideration is the use of this new resistivity meter in the geophysical exploration course. As
the enrollment number is set at 12, it can be used together with the existing ones. Hence, the
procurement of one new meter, along with cables and other accessories, is planned.

A.3 Logging equipment

At present, EWTEC has one logging unit which was bought nine years ago, but it shows considerable
wear and tear and is unable to transfer collected data to a computer for analysis. Therefore, it should be
replaced with a new one. The required specification is that the equipment can measure resistivity,
temperature, gamma, self potential (SP) and has a cable length of more than 300 m.

B. Equipment related to Drilling Technology
B.1 Service rig

Service rigs are used for rehabilitation of existing wells, and some Regional Water Resource Bureaus
have them, such as those in Oromia, Amhara, SNNPR, Tigray, and Afar. With the growing need to
rehabilitate existing wells, the present defective wells located in rural areas will be rehabilitated through
the practice of the well rehabilitation training course; one of the supplemental/advanced courses the
EWTEC phase 3 project. Most of the existing wells are less than 200m deep, and the wells used for
urban water supply have large diameter casings. Therefore, the new equipment shall be capable of
rehabilitating wells which have an 8 inch diameter and a depth of 200m.

a.  Truck
Service rigs should be loaded with the equipment necessary for operations which assist the main rig
in well rehabilitation and such (main drum winch, sub-winch, mast, power supply equipment, water
pump, hydraulic jack etc.) to ensure they are highly functional. The engine is specified for use in high
elevations (up to 2,500m), with rear wheel drive (6x4) or four wheel drive (4x4).

b.  Equipment for well rehabilitation

General techniques of well rehabilitation in Ethiopia are cleaning by bailing, brushing, and jetting.
For this reason, new equipment should cover all of these procedures. Equipment needs to be applicable
to 6 inch and 8 inch wells so as to meet existing well design.

C. High pressure pump for Jetting
The truck will be equipped with a high pressure pump with a feed rate of 500L/min and pressure of
2MP to be used within the normal bounds of jetting cleaning.

d.  Air lifting compressor

Service rigs are often equipped with an air lifting compressor for well washing. However, in this plan
the procured air lifting compressor will be used for the 300m rotary drilling rig (see below), and will not
be mounted on the service rig. This allows for a more compact sized truck and avoids the service rig
itself going out of service in case of compressor failure. Another air lifting compressor, (see B.4 below),
will be selected for 300m well development.
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e. Supporting vehicles for service rig
There is no separate plan for the service rig as the supporting vehicles planned for the 300m drilling
rig should be used to transport pipes and other materials necessary for well rehabilitation.

B.2 300m Drilling Rig
a. Current condition of well drilling in Ethiopia

According to Addis Ababa Water Sewerage Authority (AAWSA), urban water supply of Addis
Ababa city has been dependent on surface water for the most part and is provided by two dams in the
suburban area. On the other hand, water supply demand has been increasing with the expansion of the
city area, and lack of water is thought to be a serious issue in the urban area despite the installation of
the Akaki well field in 2002 in the southern area of Addis Ababa. The groundwater has been mainly
withdrawn from an aquifer less than 200m in depth in the neighborhood of Addis Ababa, and it was
considered there is little possibility to develop a deeper layer. However, a recent wide-reaching
development survey in the Addis Ababa area revealed the existence of a preferable confined aquifer
(porous and thick tertiary basalt) more than 200m deep (Figure 1). Accordingly, 47 wells that exceed
200m depth have been constructed since 2007. It clearly shows the fact that the water resource has
shifted from surface water to groundwater, while development of an even deeper layer is underway
(Table 3).

Table 3 Well drilling conducted by AAWSA

No. Depth Remarks
Before year 44 200m and less | Previously, groundwater development was limited
2005 (Mostly 150m | because main water resource of AAWSA was two
and less) dams. 29 of 44 the wells were put in Akaki well
field in 2002.
Year 2006 39 150-200m
Since 2007 47 200-250m
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Figure 1 Large scale cross section around Addis Ababa

The only major cities in Ethiopia using surface water as their main water source other than Addis
Ababa, are Adama and Awassa. The other cities basically use groundwater, and to secure good quality
water resource is a significant issue for all the cities. In the Tigray region, the groundwater
development survey was conducted to install experimental wells which are more than 250m deep in
2006 in the Ainarem well field, the main water recourse of Mekele city. As a result, it was found to
have groundwater capacity which has fine quality and quantity. Another case, in Lalibela, a well known
tourist destination in Amhara, with the discovery of a good aquifer made of sandstone situated under a
basaltic lava layer below 240m, a new development plan to install 11 deep-wells more than 400m deep
is underway.

As mentioned above, in recent years, groundwater development targeting aquifers around 300m
deep has begun mainly in the suburban areas in Ethiopia. This trend is expected to expand toward the
rural water supply.

b.  Training needs for 300m depth drilling

Table 4 shows the information collected in this survey about existing drilling machines of 300m
class. Most drilling machines in Ethiopia are of the 150m class, which are used for relatively shallow
well installation of less than 100m deep.
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Table 4 Number of drilling machines of 300m class in Ethiopia

i Total number | 300m class
Private/ _— -
Owner . of drilling drilling Remarks
Public . .
machines* machines
SNNP WWCE Public 7 3 One of 300m class was provided
cooperation by Japanese grand aid (2006)
Amhara WWCE Public 9 2 Two of 300m class was provided
cooperation by Japanese grand aid (2006)
Saba Engineering Private 6 4
Tana WWD Private 2 2
Al Nile Private 3
Hydro Construction and Private 3
Engineering
KLR Private 4 1

* The number of drilling machines was collected in the Survey on the situation and training needs of TVETC,
public enterprises and private firms/companies engaged in the construction and maintenance of water supply
scheme (JICA, Feb. 2008). The number of 300m class drilling machines, however, was collected in this survey.

According to the needs survey conducted by the JICA Ethiopia office in February 2008, with Water
Works and Construction Enterprise (WWCE), and private well drilling companies, it was reported that
the shortage of drilling engineers and poor drilling techniques were considered major problems, and the
related training needs for drilling technique was very high. Especially, trouble like collapse within the
well is much higher for the 300m class drilling than in shallow wells. Hence, more advanced skills are
required in the process of air pressure adjustment and casing installation. As described previously,
drilling depth is currently deepening, therefore the necessity and urgency for training of 300m class
drilling is very high. Mostly private companies are expected to participate in the training course.
Finally, it is concluded that the development of senior engineers who can operate 300m class drilling
machines is considered an urgent issue.

f. Necessity of procurement of 300m class drilling machines

Currently, the training course for drilling technology uses EWTEC’s 150m class drilling machine,
and is designed for beginners or engineers with relatively little experience. The participants and their
organizations evaluated the course very highly during phase 2 of the EWTEC project. Therefore this
course is now a core course in EWTEC project phase 3. Real drilling machines should be used in the
training course because no training machines for drilling exist, and the main purpose of the training is to
learn how to actually solve problems when drilling. The 300m class drilling machine is indispensable
for the drilling technology course planned for middle and high level engineers in EWTEC project phase
3.

Wells constructed as part of training courses will ultimately be developed as a water supply source;
thereby it will provide benefit to local residents. Also when picking drilling sites and the timing of
training courses, information needs to be gathered on drilling at water supply facility construction sites
that are already planned by government agencies, UNICEF, NGOs, and other donors. When
geophysical exploration is necessary before selecting a drilling site, it should be undertaken as part of
the EWTEC course field training. Wells completed as part of training should be developed to a level so
that they can be used as part of the planned water supply facilities for the benefit of the local villagers.
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C. Selection of 300m class drilling machine and related tools
C.l Conditions

A schematic diagram of a standard well structure is shown in Figure 2, which is based on the past
experience of EWTEC for well drilling as well as the request from EWTEC.

The geological condition in Ethiopia mainly consists of volcanic rocks (basalt) and is generally hard
and dense. Air drilling procedure by DTH is effective for hard rock drilling. Otherwise, for unconfined
surface layers or weathered layers, the mud drilling procedure is used in order to prevent well collapse.
The tools are selected to prepare for mud drilling, in cases when it is difficult to remove drilling cuttings
when fractures and fissures are encountered during operation, or cases when collapsible layers or layers
that discharge a large volume of groundwater appear. In order to estimate the number of consumable
tools, the drilling target layer is set as follows:

1) depth 0-35m surface, weathered layer (soft rock)

2) 35 -250m hard volcanic rock (hard rock)

3) 250 - 300m volcanic rock fractured zone, aquifer (middle-hard rock)
C.2 Selection of drilling machine

The size of the drilling machine is determined by maximum lifting capacity (drive-head and mast),
mast length and capacity of the mud pump. The details are as follows.

1) Maximum lifting capacity

Assuming 300m maximum drilling depth and 9-7/8" diameter, the expected total weight of all tools
related to the drilling process which are suspended from main body of the drilling machine is about
12,000 kg (Table 5). The machine should be able to lift all of these tools up and down in addition to the
added load from collapsed soil. The additional weight is estimated at 20% and the drive head load
capacity is determined to be a minimum of 14,000kg.

If the borehole wall should collapse during drilling and cause “stacking” of drilling equipment such
as the drill bit, drilling pipe, etc., strong hoisting capacity is required. Consequently, the mast hook load
is determined at 24,000kg, which is twice the hoisting load.

Table 5 Weight of tools

Unit Total
Name Spec No. weight weight Remarks
(kg) (kg)
Drill head 1 ca.1,200 ca.1,200
Drill pipe 0.D.4-3/4", 6.0m/piece 58 ca.160 ca.9,280 350m/6m
Drill collar 6-1/4” x 3.0m/piece 2 ca.409 ca.818
Stabilizer For 9-7/8", 3-1/2"1F 2 ca.210 ca.420
Crossover sub 3-1/2"IF x 4-1/2"REG 1 ca.40 ca.40
Hammer body For 8"-10" 1 ca.206 ca.206
Hammer bit 9-7/8” 1 ca.62 ca.62
Total ca.12,026

*Condition: DTH drilling, max. depth 350m, final diameter 9-7/8"
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2) Mast length
General length of drill pipes are 3m or 6m. The 6m pipe is selected with consideration of operational
efficiency. The mast length should be long enough to handle a 6m drill pipe efficiently.

3) Mud pump

Generally, mud elevation speed in a borehole is from 0.25-0.40m/s. The total mud volume Qm
passing between the wall of a well 12-1/4” [311.2mm] (D1) and drill pipe 4-3/4” [120mm] (D2) is
calculated with the following equation.

Qm=A-vm

When,

A = (cross-section area of drilling hole) — (cross-section area of outside rod diameter)
=nx (D1 x D1—D2 x D2) /4 =3.14 x (0.311 x 0.311—0.12 x 0.12) / 4 = 0.065m?

Assuming that the condition of elevation speed vm is between 0.25-0.40m/s,
Qnm = (0.25-0.40) x0.069 = (0.0163-0.0260) m*/s = (978-1,560) lit/min
Based on the above discussion, the quantity of water supply is determined to be 1,500lit/min or more.
Water supply pressure is determined to be 20kg/cm® or more for the possibility of hydrostatic
circulation under the estimation that the static groundwater level is GL-200m in a 300m depth well.

4) Others
The drilling machine is determined to be a 6x4 loading type truck considering high mobility. The
power resource is PTO from the truck engine.

C.3 Tools and accessories

The tools and accessories attached to the 300m class drilling machine are selected to be suitable for
inserting 4 inch and 6 inch casing generally used in Ethiopia. The total number of tools and accessories
is determined necessary for 2-3 wells drilled in a year and a total of 6-9 wells per three years. A
diagram of the tools is shown in Figure 3.
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GL GL
12" ~——— Surface soil or collapsible rocks 10" T Surface soil or collapsible rocks
35m i 35m | &
14-3/4" \ Work casing 12" 12-3/4') P Work casing 10"
s 1N \ Drilling diameter 14-3/4" e 1 | \ Drilling diameter 12-3/4"
300 m 300 m
/ 6"Casing or screen / 4" casing or screen
6" 4",
9-7/8" 8-1/2'
(12-1/4") (0-7/8")
\Drilling diameter \ Drilling diameter
9-7/8" (or 12-1/4") 8-1/2"(or 9-7/8")
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| AR [ AP
6 inch casing well 4 inch casing well

Figure 2 Standard well structure (300m class)
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Drill pipe
4-3/4" OD x 6m,
3-1/2" IF box x pin

Cross over sub
3-1/2" IF box x
4-1/2" IF pin

Drill collar
6-3/4" OD x 3m,
4-1/2"IF box x pin

Bit stabiliser
9-7/8"

Bit sub Bit sub
Hammer sub 4-1/2" IF box x 6-5/8" 4-1/2" IF box x 6-5/8"
REG box REG box
= -
Tricon bit Tricon bit Tricon bit
14-3/4" 12-1/4" 9-5/8"

|
DTH Hammer body
7-1/80D, 4-1/2 " REG pin

Clay bit Clay bn
14-3/4" x 12-1/4" x
7-5/8 REG pin 6-5/8 REG pin
i Bit breaker

Bit breaker 121/

14-3/4"

DTH Hammer bit
12-1/4", 9-5/8", 8-1/2"

Figure 3 Standard tools
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B.3 High pressure compressor
Required air discharge is calculated by following equation using the DTH method.

< Drilling dia.:  8-1/2” (215.9mm)
9-7/8” (250.8 mm)

< Drill pipe dia:  4-3/4” (120 mm)

< / Annular space

A flow rate of 900-1,200m/min is required at the annular space (the space between the drill rod and
the wall of a borehole) in order to smoothly remove the cutting slime from the well. The flow rate at the
annular space is calculated by the following equation:

V=Q/IA (1)
A=r (D2 -d2)/4

V = Air flow velocity at the annular space (m/min.), Q = Necessary air volume (m*/min.),
A = Annular space area (m?), D = Well diameter (m), d = Rod diameter (m)

The basic condition is assumed as 4-3/4” (0.12 m) rod diameter and D1:8-1/2” (0.216 m) borehole
diameter or D2:9-7/8” (0.251 m) borehole diameter, flow rate 900-1200 m/min for DTH drilling
method of a C type well in this plan. The necessary air discharge is calculated using the following
equations:

Q1 =3.14x (0.216 X 0.216 - 0.12 x 0.12) / 4 x (900 - 1,200) = (22.79 - 30.39) m*/min.
Q1 =3.14x (0.251 X 0.251 - 0.12 x 0.12) / 4 x (900 - 1,200) = (34.34 - 45.78) m*min.

Theoretical flow rate is calculated to be approximately 25m%min for 8-1/2” DTH hammer bit, and
35m*min or more for a 9-7/8” DTH hammer bit. However, a compressor which meets the required
flow rate of 35m*min is very heavy (more than 7 tons including fuel). These heavy compressors require
a large truck for loading and are impractical from a cost-benefit perspective. Further, the fuel
consumption rate of a 35m®min class compressor is 30% more than that of 25m*/min class compressor,
and it is considered uneconomical. In the case of slime discharge difficulties due to low air volume/flow
or water spring, the discharge efficiency of slime can be improved by the addition of a foaming agent
into the air during the drilling process.

Based on the above discussion, the specification of a high pressure compressor is determined to be
25m®/min. (900cfm) or more.

Usually, higher air pressure increases stroke frequency and the rate of drilling, which brings about
improvement of operational efficiency. However, too much air pressure might break the hammer itself
(acceptable air pressure of hammer is 2.5MPa). Considering the air pressure loss in the water and
possible hammer damage, the compressed air pressure should therefore be around 2.0MPa to 2.41MPa.
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B.4 Equipment for airlifting and pumping test
a. Compressor for airlifting

Inadequate finishing of drilling work often causes a well to malfunction even if all processes like
drilling, casing and screen installation, and gravel packing are completed. The finishing work is to bring
out the full capacity of a well by cleaning mud after casing installation and gravel packing. Air lifting is
part of finishing, to remove mud from the borehole completely by using a compressor while circulating
groundwater in the well. It requires a compressor with relatively low pressure. This is not replaced by a
compressor with high pressure like in B.3 because the discharged air volume and pressure of the high
pressure compressor would be too high and simply result in air bubbling up to the surface making it
difficult to get a suitable pumping rate of cleaning water. Moreover, too high a volume and pressure of
discharged air may cause the well to break down. PVC casing used for well construction has relatively
low strength compared to steel and FRP casing, resulting in high risk of well break down. Moreover,
because the high pressure compressor is not designed for low discharge volume use, it could easily be
the cause of damage. The detailed specification is shown below.

The basic theory of air lifting cleaning is the same as air lift pumping usually used in hot spring
pumping. The compressor capacity has been calculated using the following table called a diagram of air
compressor operation (Hot spring development and design, Chijin Shokan Co., Ltd.).

At the beginning of the finishing work, it is assumed that a well is filled up to the well mouth with
mud and the static water level is GL-Om. Additionally, airlifting is assumed to be carried out at the
maximum water level drawdown of 50m and a minimum soaking ratio of 50%. In this case, H and Hs
are calculated according to Figure 4 as follows.

H =50m
Hs=50m

In this case, the required air discharge can be read as Qa=6.2m*/min from the figure, the value is seen
straight above the intersection point of assumed lifting height (H) 50m and water soaking ratio curve of
50%.

However, the pumping material is not water but mud, and Qa is a value for 1m*/min liquid pumping,
so finally, the air discharge volume is determined to be 8.5m*min or more in order to secure sufficient
pumping volume.
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Pressure gauge

Compressed air

Air Pressure (kg/cm2)

Head (H)

Air pipe
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Casing pipe

Depth (Hs-m)

Figure 4 Structure of airlifting (left) and diagram of air compressor operation (right)

In addition, the riser pipe is set at the bottom of the well (GL-300m) in order to clean around the
bottom; air pipe is set at the position of GL-100m depth in the beginning and added until GL-200m with
drawdown processing. The air pressure capacity of a compressor is determined as 10kgf/cm? (1.0MPa)
or more.

This compressor for air lifting is also used for well rehabilitation work with a service rig, and it is
transported by a crane truck.

b. Equipment for pumping test

For a 300m class well with 6 inch casing, capacity is planned with a flow rate of 400L/min at 200m
head. Additionally, a triangular-notch weir for flow rate measurement and a simple water level gauge
are necessary. A generator is not procured in this plan because the existing generator in EWTEC is
available.

B.5 Crane truck

Crane trucks carry standard accessories of the drilling machine, tools, screens, casings, and daily
necessities for the drilling team. It is ideal to minimize travel times to increase working efficiency.
However, the total weight of the drilling tools alone is more than 12 tons for 300m drilling. In addition,
the truck needs to transport the generator, welding machine, air lifting compressor, etc., many times
between the stock yard (EWTEC yard) and well sites (Table 6). Furthermore, the truck will likely spend
a large amount of time carrying a great deal of water indispensable for well drilling, but usually difficult
to obtain near the site. Furthermore, the truck needs more than twenty 200 liter drums for gasoline, as it
is estimated to use between 4,000 and 5,000 liters of fuel for drilling. Considering these points, the
payload should be more than 6 tons, so two trucks are necessary from the view point of high efficiency
and versatility.

The trucks should be equipped with a crane because all the tools and equipment are made of heavy
metals which are difficult to transport by hand and could otherwise cause an accident. The capacity of
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the crane is 3.0 tons so as to hoist the air lifting compressor, the heaviest equipment (around 1,900kg).

The platform length is determined to carry casing and screens 6m in length.

Table 6 List of equipment to transport and its weight

Unit Total
Name Spec. No. weight weight Remarks
(kg) (kg)
Drilling pipe, Drilling
Drilling tools collar, Bit, DTH hammer 1set ca.12,026 | ca.12,026 | Refer to Fig.5
etc.
Airlifting compressor 1 ca.1,900 ca.1,900
Submerged pump and 1] cal700| ca1700
pumping tube
Generator 60kVA 1 ca.1400 ca.1400
Pumping tube 2.75mx25,
Attachments for cc_msole panel, _ Lset ca.800 ca.800
drawdown test triangular-notch weir,
valves etc
Daily use items Tent, chairs, etc Lset ca.50 ca.50
Concrete material Cgment,_ gravel, sand, 1set ca.1,500 ca.1,500
reinforcing steel
Steel pipe casing 6 inch 300m ca.27 ca.8,100
Total ca.27,476

B.6 Dirilling tools for existing drilling machine
Tools required for the existing drilling machine (Schramm T300M Roto Drill) are planned to be
procured, which are to be used for the drilling technology training course at EWTEC.

C. Drilling Machinery Maintenance Technology
C.1 Measuring and maintenance equipment/tools
C.1.1 Diesel tacho-tester

A diesel tacho-tester is used to measure maximum output power by reading the rotation speed of an
engine. It is also possible to use it to measure the rotation speed of a pump or diesel generator. Until
now, only theoretical training was conducted using textbooks, therefore one tester will be procured for
practical training.

C.1.2 Nozzle tester

A nozzle tester is used to test the pressure and degree of angle of injected fuel from the injection
nozzle and its pattern. Until now, only theoretical training was conducted using textbooks, therefore one
tester will be procured for practical training. The standard manual operation type is planned.

C.1.3 Diesel compression gauge

A diesel compression gauge is used for the measurement of compression pressure of engine cylinder
to check the condition of pistons, piston ring, gasket and valves. Until now, only theoretical training
was conducted using textbooks, therefore one gauge will be procured for practical training.
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C.1.4 Valve spring tool

The valve spring tool is necessary for assembling or disassembling the engine valve spring. Until
now, there was no suitable tool for this, and EWTEC training course participants assembled or broke
down the valve spring using an undesirable method. This is considered a basic and highly necessary
engine maintenance tool, so it is to be procured for practical training in this plan. It should be applicable
for everything from small vehicles like pickups to heavy vehicles.

C.1.5 Valve lifter and compressor

This equipment is necessary for fixing or unfixing engine valves. Until now, only theoretical training
was conducted using textbooks, therefore one valve lifter and compressor will be procured for practical
training.

C.1.6 Valve lapper

A valve lapper is used for valve lapping of engine valves. The valve is adsorbed onto the tool and
moved by air pressure up and down for lapping. This is considered a basic and highly necessary engine
maintenance tool, so it is procured for practical training in this plan. Hand valve lapper (manual type)
for fine adjustment and valve lapping compound (polishing agent) are included.

C.1.7 Piston ring compressor

A piston ring compressor is for assembling or disassembling the piston ring. Until now, there was no
suitable tool for this and EWTEC training course participants disassembled and assembled the valve
spring using an undesirable method. This is considered a basic and highly necessary engine
maintenance tool, so it is to be procured for practical training in this plan. It should be applicable for
both small vehicles like pickups to heavy vehicles.

C.1.8 Piston ring tool
A piston ring tool is for disassembling or assembling the piston ring. This is considered a basic and
highly necessary engine maintenance tool, so it is procured for practical training in this plan.

C.1.9 Torque wrench with angle scale

These tools are necessary to adjust the bolts of the engine head and connecting rod. These are
considered basic and highly necessary engine maintenance tools, so one torque wrench with angle scale
will be procured for practical training in this plan. It should be applicable for small vehicles like
pickups as well as heavy vehicles.

C.1.10 Socket for engine head bolt

The socket for the engine head bolt is necessary to adjust bolts for engine assembly and disassembly.
This tool is considered a basic and highly necessary for engine maintenance, so one set will be procured
for practical training in this plan. It should be applicable for small vehicles like pickups as well as heavy
vehicles.

C.1.11 Cylinder gauge

A cylinder gauge measures the inner diameter of an engine cylinder to check distortion of the
cylinder. This tool is considered basic and highly necessary for engine maintenance, so one unit will be
procured for practical training in this plan.
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C.1.12 Connecting rod aligner

A connecting rod aligner is necessary to adjust the connecting rod position in an engine. This tool is
considered basic and highly necessary for engine maintenance, so one unit will be procured for practical
training in this plan.

C.1.13 Camber caster-king pin inclination gauge

A camber caster-king pin inclination gauge measures alignment of tire wheels and adjusts their
position. It is a basic tool for car maintenance and highly necessary, so one will be procured for
practical training in this plan.

C.1.14 Brake bleeder wrench set

A brake bleeder wrench set is used to remove air in a hydraulic break system. It is a basic tool for
vehicle break system maintenance and highly necessary, so one will be procured for practical training in
this plan.

C.1.15 Brake spring pliers

Brake spring pliers are used to pull out a break spring from a master cylinder. It is a basic tool for
vehicle break maintenance and highly necessary, so one set is procured for practical training in this
plan.

C.1.16 Brake lining riveter
A riveter is used to put in break lining. It is basic tool for vehicle break maintenance and highly
necessary, so it is procured for practical training in this plan.

C.1.17 Brake drum gauge

A brake drum gauge measures the inner diameter of a brake drum to check its level of wear. It is a
basic tool for vehicle break maintenance and highly necessary, so one will be procured for practical
training in this plan.

C.1.18 Portable brake booster tester

It is a calibration tool to measure pressure of the brake booster. It is a basic tool for vehicle break
maintenance and highly necessary, so one portable tester will be procured for practical training in this
plan.

C.1.19 Diesel smoke meter

A diesel smoke meter measures CO,and CO concentration in car exhaust to check completeness of
fuel burning. It is used to determine the deterioration level of the injection nozzle and piston ring,
timing of valve action and fuel injection, condition of the air filter, and so on. Until now, only
theoretical training was conducted by textbook, therefore one meter will be procured for practical
training.

C.1.20 Arc welding machine

The arc welding machine is used for welding training. There was only one welding machine in
EWTEC, but it is insufficient for 10 trainees per class. Consequently, two welding machines are to be
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procured. The specification of the machine should be no less than 300A in output with a 40% usage
rate.

C.1.21 Jet washer

This is washing equipment for the engine body, engine head, and so on for parts cleaning during
engine maintenance. Until now, engine parts were cleaned manually by, for instance, using fabric
soaked in benzene to clean adherent oil or fuel parts. Because foreign particles in the cylinder cause
unexpected mechanical failure, washing equipment is necessary for cylinder maintenance. Therefore,
one is planned to be procured. The size will be suitable for cleaning the engines of drilling supporting
vehicles.

C.2 Cutaway models

It has been pointed out by trainees and instructors that the training course mainly consisted of
theoretical lessons, and the structure of parts and maintenance procedure was seen only in the textbook,
with little opportunity for hands on experience with the real thing. Therefore, cut away models of major
vehicle parts are planned. The cutaway models to be selected are those normally supplied to car
mechanics’ schools and such in Japan.

C.2.1 Fuel injection pump (Cutaway model)

This model is used to show the inner structure of an injection pump. There are different injection
pump types with different inner structures. At present, EWTEC has a cutaway model of an inline
injection pump. In addition, a PT injection pump is planned that applies to diesel engines (Cummins Co.
product) of the drilling machine made in U.S.A. (Gesco Co., Ingersoll Rand Co. etc.) that are often used
in Ethiopia.

C.2.2 Manual transmission (Cutaway model)
This model is used to show actual motion and function of each part of a car transmission. For the
purpose of practical training, one cutaway model of a common vehicle is planned.

C.2.3 Steering gear assembly (Cutaway model)
This model is used to show actual motion and function of a steering gear. For the purpose of practical
training, one cutaway model of steering gear of a common vehicle is planned.

C.2.4 Brake valve (Cutaway model)
A brake valve is necessary for adjusting air volume in the brake line. For the purpose of practical
training, one cutaway model of a brake valve of a common vehicle is planned.

C.2.5 Disc brake (Cutaway model)
This is a model of a disc brake. For the purpose of practical training, one cutaway model of a disc
brake of a common vehicle is planned.

C.2.6 Drum brake (Cutaway model)

This is a model of a drum brake. For the purpose of practical training, one cutaway model of a drum
brake of a common vehicle is planned.
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C.2.7 Torgue converter (Cutaway model)
A torque converter transfers engine power to the transmission shaft. For the purpose of practical
training, one cutaway model of a torque converter of a common vehicle is planned.

C.2.8 Diaphragm cylinder (Cutaway model)
A diaphragm cylinder is a general part used in a common truck brake system. For the purpose of
practical training, one cutaway model of a diaphragm cylinder of a common vehicle is planned.

C.2.9 Differential with mechanical lock (Cutaway model)

A differential is part of the power transmission, and is a gear to adjust rotation difference between the
right and left wheels when cornering. For practical training purposes, one cutaway model of a
differential of a common vehicle is planned.

C.2.10 Exhaust turbocharger (Cutaway model)

An exhaust turbocharger uses exhaust gas to rotate a turbine at high speed and send compressed air
into an engine. For the purpose of practical training, one cutaway model of turbocharger of a common
vehicle is planned.

C.2.11 Diesel fuel feed pump (Cutaway model)
A feed pump is used for pumping up the fuel from the fuel tank. For practical training purposes one
cutaway model of a feed pump of a common vehicle is planned.

D. Electro-Mechanical Maintenance Technology
D.1 Measurement tools for electric/electronic training
D.1.1 Practical training machine for DC motor & DC generator

DC motors and DC generators are commonly used for submersible motor pumps, generators, and
other pumps. This practice machine is used for practical training to learn basic characteristics of a DC
motor and a DC generator, generator excitation, starting or operational condition. Until now, the
training was conducted only by theoretical lecture; therefore this equipment will assist in practical
training.

There are a total of 20 trainees per class in the electro-mechanical maintenance technology course.
There are two other practice devices described in D.1.2, D.1.3, which can be used at the same time, and
furthermore, 6-7 trainees can operate one machine. Therefore, one unit is planned.

D.1.2 Practice machine for AC motor & DC generator

AC motors and AC generators are commonly used for submersible motor pumps, generators and
other pumps. This practice machine is used in practical training to learn the basic characteristics of an
AC motor and AC generator, generator excitation, starting or operational condition. Until now, the
training was conducted only by theoretical lecture; therefore this equipment will assist in practical
training.

There are a total of 20 trainees per class in the electro-mechanical maintenance technology course.
There are two other practice machines described in D.1.1, D.1.3, which can be used at the same time,
and furthermore, 6-7 trainees can operate one machine. Therefore, one unit is planned.
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D.1.3 Practice machine for synchronous motor

Synchronous generators are generally very common. This practice machine is used in practical
training to learn the basic characteristics of this type of motor and generator, generator excitation,
starting or operational condition. Until now, the training was conducted only by theoretical lecture;
therefore this equipment will assist in practical training.

There are a total of 20 trainees per class in the electro-mechanical maintenance technology course.
There are two other practice machines described in D.1.1, D.1.2, which can be used at the same time,
and furthermore, 6-7 trainees can operate one machine. Therefore, one unit is planned.

D.1.4 Low voltage switch gear experimental device

This is usually used in a medium-scale pump station as a circuit controller. This device provides
practical training of a switch gear control system to prevent excess voltage, short circuit, grounding
problems, and so on. Until now, the training was conducted only by theoretical lecture; this equipment
will assist in practical training.

About 10 trainees can attend the practice at once. If all trainees are divided into appropriate sized
groups and use the machine in turns, only one machine will meet the requirement.

D.1.5 Basic Circuit Trainer

This is basic equipment to learn the characteristics of alternative current in a resistance circuit and
inductive circuit through the measurement of resistivity, voltage and current. Until now, the training in
EWTEC was conducted by only theoretical lecture; therefore the trainer is procured for practical
training.

6 to 7 trainees can use the trainer at the same time, and a total of 20 trainees are expected. Therefore,
three trainers will be procured for three groups each consisting of 6 or 7 members.

D.1.6 Analog Trainer (OP-AMP experiment trainer)

This is an experiment trainer for a basic analog circuit using OP-AMP (operational amplifier). The
training provides knowledge on how to use an OP-AMP and what behavior is seen when used in
combination with other electric devices. Until now, the training in EWTEC was conducted by only
theoretical lecture; therefore the practice machine is procured for practical training.

Three of these will be procured for three groups each consisting of 6 or 7 members that can practice
with this equipment at the same time.

D.1.7 Digital Trainer (Logic circuit trainer)

Because theory of a digital circuit is different from that of an analog circuit, this equipment is used to
conduct training on integrated circuit troubleshooting. Until now, the training in EWTEC was
conducted by only theoretical lecture, so the practice machine is procured for practical training.

Three of these will be procured for three groups each consisting of 6 or 7 trainees that can practice
with this equipment at the same time.

D.1.8 PLC trainer

In recent years, pumping station control technology using PLC (Programmable Logic Controller) has
been introduced in the irrigation area and relatively large towns such as Bahir Dar and Gondar. This
training equipment will be used for basic PLC training. Until now, the training in EWTEC was only
conducted theoretical lecture, now the practice machine is procured for practical training.
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Three of these will be procured for three groups each consisting of 6 or 7 trainees that can practice
with this equipment at the same time.

D.1.9 Electric leakage breaker experiment unit

This unit is designed to conduct experiments of breaking current earth leakage and leakage time to
study earth resistance. Until now, the training in EWTEC was conducted only by theoretical lecture;
therefore one experimental device is to be procured for practical training.

D.1.10 Frequency counters

Frequency counters measure the frequency of alternative current. It is necessary to measure the
frequency at a number of circuit points for practical training on electric circuits. Until now, the training
in EWTEC was conducted only by theoretical lecture; therefore, this device is procured for practical
training.

Frequency counters are not used frequently, and therefore two units are procured for 20 trainees.

D.1.11 AC/DC power supply

This is power supply source for practical training on electric circuits using resistance, transistor,
capacitor, etc. The 20 trainees are divided into groups of five members, so four power supply units are
to be procured.

D.1.12 Soldering iron desolder & solder lead set

These are used for assembly and disassembly of electric parts on a circuit board. A desoldering
pump is contained for the use of detaching parts. Five sets are planned for procurement; one for each of
the 5 trainee groups each consisting of four members.

D.1.13 Variable resistor
Variable resistors adjust current and voltage. It is necessary and important to comprehend
characteristics of the basic three items—resistance (R), capacitor (C), and inductor (L)—when learning
about electric circuits. A variable resister is needed to observe each component action when electricity
flows through the circuit (RC, RL. LC, and RLC). One variable resistor with standard specifications
will be procured for practice.

D.1.14 Variable capacitor

Variable capacitors are necessary to understand the behavior of motors under capacitive load and
induction load. One capacitor is planned to be procured for the same reasons as equipment D.1.13.
The specification is standard.

D.1.15 Variable inductor
Variable inductors are necessary to understand the behavior of motors under capacitive load and
induction load. One inductor is planned to be procured for the same reason as equipment D.1.13. The

specification is standard.

D.1.16 Digital multimeter
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Digital multimeters are maintenance tools to measure current, voltage and resistivity. They are used
frequently in the training course. One multimeter is provided per two trainees, so a total of ten
multimeters are to be procured. The specification is standard.

D.1.17 Oscilloscope
Oscilloscopes measures voltage and frequency of a circuit, and also shows wave patterns. Four will
be procured to be used the 20 trainees divided into five groups.

D.1.18 Signal generator
Signal generators input certain frequency signals to a circuit prepared by the trainee. Four will be
procured; one for each of the four groups consisting of five trainees.

D.1.19 Logic probe
A logic probe is used to check the condition of the digital circuit by LED light. Four will be procured:;
one for each of the four groups consisting of five trainees.

D.1.20 Wattmeter
Wattmeters measure electrical power in watts of any given circuit. Five will be procured for 3
training groups consisting of 6 to 7 trainees each.

D.1.21 Galvanometer

Galvanometers can measure very low current and voltage not measurable by a multimeter. Five will
be procured for five training groups consisting of four trainees each.
D.1.22 Electrical hand drill

Electrical hand drills will be used to prepare wood panel board to mount electric or electronic parts
such as relay, timer etc. Five are planned to be procured because they can be used in turn.

D.1.23 Circular saw (electrical)
Circular saws (electrical) are used to craft wood panel board for circuit assembly practical training.
Two are planned to be procured.

D.2 Cutaway model
D.2.1 Cutaway model of DC motor

This model is used to show the inner structure of a DC motor. One is to be procured for practical
training.

D.2.2 Cutaway model of AC motor
This model is used to show the inner structure of AC motor. One is to be procured for practical
training.

E. Water Supply Engineering
E.1 Survey Equipment
E.1.1 Pipe locator
A pipe locator explores the position of buried pipeline. At present, high leakage ratio of supply water
is considered a serious problem in relatively big cities in Ethiopia. For instance, it is said that the
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leakage ratio is about 50% in Addis Ababa. At present, only AAWSA has introduced pipe locators and
leak detectors, however, they will become necessary in provincial cities as well. It is considered very
significant to hold a leak detection training course for local engineers, introducing the pipe locator in
EWTEC. For this reason, it is planned to procure one pipe locator.

E.1.2 Leak detector
A leak detector is used for detection of a leak point by listening to ground noise. As described above,
water leakage is currently a problem in Ethiopia, so the leak detection training course for local
engineers is highly effective. For that reason, one leak detector is procured for the EWTEC water
supply technology course. The detector uses headphones to detect vibration directly from buried pipes,
with a leak sound detection bar for pre-survey and electronic sound detector as attachments.

E.2 Incubator and accessories

An incubator is used for bacteriological testing of drinking water. In previous water supply technology
courses by EWTEC, participants visited a water quality lab in Oromia without any hands on training.
Bacteriological test of coliforms is a common drinking water quality test in Ethiopia, so practical
training on this is very important. The membrane filter method has been selected because it is the
dominant procedure in Ethiopia. Equipment necessary for this procedure are also to be procured, such
as an autoclave for sterilization, sterilized Petri dish, forceps, and so on.

F. Transportation

At present EWTEC has 9 vehicles, except for drilling assistance vehicles (truck and crane truck).
All of these were procured in phase 1 project in 9 to 10 years ago, and travel distance of almost all
vehicles exceeds 200,000km. These are all in working condition with frequent maintenance without any
fatal breakdowns despite the bad condition of roads in Ethiopia (Table 7).

Table 7 Current condition of vehicles of EWTEC

Duration
Travel Date of of
Type Number | distance . Main use Condition
purchase | service
(km)
(year)
Equipment Working
Pickup 16-038 | 201,130 | 1999.2 9.5 transport for Maintenance is
fieldwork required
Equipment Working
Pickup 4-07265 | 202,000 | 1999.2 9.5 transport for Maintenance is
fieldwork required
JICA experts, Working
Landcruiser local staff Maintenance is
(Station wagon) 16-037 | 269,000 | 19992 95 transport / field required
surveys
JICA experts, Working
Land_crmser 4-03879 | 200,000 | 2000.2 85 local staff_ Malr)tenance is
(Station wagon) transport / field required
surveys
JICA experts, Working
Land_crmser 4-00697 | 230,324 | 2000.2 85 local staff_ Malr)tenance is
(Station wagon) transport / field required
surveys
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Duration
Travel Date of of
Type Number | distance - Main use Condition
purchase | service
(km)
(year)

JICA experts, Working
Landcruiser local staff Maintenance is
(Station wagon) 4-02810 | 210,251 | 20002 8.5 transport / field required

surveys
Landcruiser Equipment and Working

4-09136 | 200,000 | 2000.2 8.5 trainee transport | Maintenance is

(Hard top) . .

for fieldwork required
Landcruiser Equipment and Working

4-09137 | 200,694 | 2000.2 8.5 trainee transport | Maintenance is

(Hard top) . .

for fieldwork required

Equipment and Working
Coaster bus 4-00658 | 158,568 | 1999.2 9.5 trainee transport | Maintenance is

for fieldwork required

It is expected that the training course in the EWTEC project phase 3 is total 20 courses including
existing course on the basis of preparatory study. Figure 5 shows the vehicle driving plan which
meets the training course schedule of EWTEC project phase 3 with consideration of the above
information. The capacity of accommodation facility of EWTEC is 40 persons, which limits the
training schedule. However, third-country training and such can be carried out despite the limitations
of the EWTEC facilities by using a hotel in Addis Ababa. MoWR has a plan to expand the facility
from the current accommodation capacity of 40 to 120 people by March 2010, using KR2 counterpart
fund. For this purpose, 5.9 million Ethiopian birr (about 67 million yen) has already been approved
by MoFED (Ministry of Finance and Economic Development) and the request letter was submitted to
Japanese government on November 26, 2008. As a result of this expansion plan, the number of
participants for each training course is expected to increase and additional training courses will also
be planned with additional instructors. Therefore, the course schedule shown in Figure 5 is the least
number of courses envisaged at this stage.

F.1 Bus

EWTEC has a 28 seat bus highly utilized for trainees’ field training transport. The three core training
courses of EWTEC are: Groundwater Investigation, Drilling Technology, and Drilling Machine
Maintenance. They are related to each other and usually held at the same time. As practical field
training is very important to these courses, it is better to spend more time in the field. However, the
actual training schedule was limited by bus availability. Though bus use was high during project phase
2 as the training scheduled was tight and all training courses have field trips to water supply facilities in
provincial areas.

A total of 306 bus days are needed based on the whole training schedule, including the 5 new courses
started in phase 3, as shown in Figure 5. There is a period of 6 months where it is inevitable that two
buses be used despite designing the operational schedule as efficiently as possible. Also, it is expected
that the number of trainees in one of the courses will frequently exceed 20 students, so a bus the same
size as the present one will be needed. Further, the fact that the bus cannot be used for 10% of the time
due to maintenance etc. is not considered in Figure 5. Therefore, another bus will be able to cover such
situations.
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The areas where field training of well drilling or geophysical exploration are usually located far from
major arterial roads and with no public transport. In the case of travel during the training program
where trainees visit local water supply facilities and drilling companies, they travel long distances all
over the country for 1-2 weeks. In cases such as this it would be difficult to use public transport, and
bus rental is not common in Ethiopia. Another bus of the same capacity is necessary considering the
current training courses are restricted by bus availability and that new training courses will start in
EWTEC project phase 3.

F.2 Long Wheel Base 4x4 Wagon

Presently EWTEC has two 13 seat Landcruiser hard tops. These vehicles are used for the
transportation of equipment that must be protected from wind and weather such as for geophysical
exploration, logging equipment, and borehole camera for field practice of the training courses. In the
case of the Drilling Technology course, trainees travel by bus from Addis Ababa to the accommodation
near training sites in provincial areas. The Landcruisers are used daily between the accommodation and
site for longer periods. For the field study, four wheel drives are the best because road conditions are
usually too poor for normal cars, which are also not large enough to transport trainees and equipment.

It is planned to start new courses on drilling technology and geophysical exploration in phase 3 of the
project. These courses are mainly held at field training sites, so the four wheel drives are highly
necessary. For smooth operation of the training courses, two 4WDs are allocated for each training
course in accordance with their transportation needs.

Table 8 Purpose of 4WD use during field training

Head-count
Training course (Trainee+ Equipment and required space Car assignment for training
instructor)
1 | Groundwater 23 Resistivity meter (Main body, Two 4WDs for transport of
investigation Drums, cables) 2sets, Electro equipment
-magnetic meter (FDEM) 2sets | Bus for transport of people
(2.5m x 1.5m x 2sets) between site and accommodation
2 | Drilling 14 Well logging equipment (Main | Two 4WDs for daily transport of
technology (1) body, Drums, cables) people between site and
(2mx1.5m) accommodation
Bus for transport between Addis
Ababa and site (First and final
day only)
3 | Drilling 10-15 Well logging equipment (Main | One 4WD for daily transport of
technology (2) body, Drums, cables) people between site and
(2mx1.5m) accommodation and another for
equipment
Bus for transport between Addis
Ababa and site (First and final
day only)
4 | Diagnosing/rehabil 14 Borehole camera, cable type Two 4WDs for daily transport of
itation of well bore hole cleaner (2.5mx1.5m) | people between site and
accommodation
One those to be used for
equipment transport as well
Geophysical 14 Resistivity meter (Main body Two 4WDs for transport of
survey cables), Electro-magnetic meter | equipment
(TDEM, FDEM: sensor cable Bus for trainees transport between
fixed to body)(2.5m x 1.5m) site and accommodation
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Based on Figure 5, gross working days of 4WDs is calculated at 541 days considering the whole
training schedule. In some periods of schedule, four 4WDs are necessary due to more than one course
running at the same time even if the operational schedule is designed efficiently. The period that the
four 4WDs are needed is more than 20% of the year shown in Figure 5. Further, the fact that the 4WDs
cannot be used for 10% of the time due to maintenance etc. was not considered in Figure 5. Therefore,
the other 4WDs will be able to cover such situations.

For that reason, procurement of two additional 4WDs is considered reasonable to ensure the smooth
operation of training courses of EWTEC project phase 3.

Practical training of bore hole camera (monitor and Well logging machine and probe (small generator is
winch are used from within vehicle) needed to operate)

Electromagnetic exploration equipment (FDEM) High-density exploration equipment (at least 4 drums
of cable are necessary for each resistivity meter)
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rational D
Annual Schedule Operational Day
- Existing/ | Major place for| Duration |  No. of (total day)
Training Course he traini K Trai Remarks
New | thetraining | (weeks) | Trainees Apr May June | July Aug ‘ Sept Oct Nov Dec Jan | Feb Mar Bus | 4wD
1234 1]2]3 e 1]2]3]a]1]2]3 4 1]2]3]a]1]2]a]al1]a]afalr]2]a]a 1]2]a]als]2]a]af2]2]s]a]1]2]3]% Wagon
Rainy season (smal)] Rainy season (main) Dry season Rainy season (smal)
Basic Course
Groundwater Investigation Existing Ad(??lse;il;:ba/ 12 20 . = ig; o e I I :g; 2 = 3= 48 40
. . Addis Ababa/ ——g =2 -2 —— g - (o -2
Drilling Technology (1) Existing Region 12 10 10%2) J0%2| 24 160
Drilling Machinery Maintenance Existing | Addis Ababa 12 10 b 10 7 | -5 — 10 w7 | w5 44
Technology
Water Supply Engineering Existing | Addis Ababa 8 20 -l w1 10 sm 5 17
Electro-mechanical Maintenance Existing | Addis Ababa 8 20 -7 o | 4 - N 14
Technology
Advance Course
Groundwater Modeling Existing Add(:oﬁ)aba 5 27 = o 4 4 |international
GIS/Information Management Existing | Addis Ababa 4 20
GIS for Groundwater - Addis Ababa m1 =1 =1
Management Existing (hotel) 4 2 -l w1 3 3 |international
Water Supply Engineering Existing | Addis Ababa | 4 20 e 10
(Planning and Designing)
" - Addis Ababa
Remote Sensing Existing (hotel) 4 27 4 4
o e e International
Supplementary Course
Well Diagnosis Existing Region 2-4 10 14x2 14%2| 56 |Conducted in dry season
Well Rehabilitation Existing Region 2-4 10 12| 84 |Conducted in dry season
Rural Water Supply Scheme New Region 24 20 21 21 42
Development
Water Quality Management New Addis Ababa 4 10 2| -2 -2 - 2 8
Various Geophysical Exploration i 0 0
Vot New Region 46 10 o ol 60 120
Volcanic Geology New Addis Ababa 4 20 -5 —C | 20
Drillinig Technology (2) New Region 6 510 =i =0 o3 | 8 70 [Conducted in dry season
306 541 |Total days
: \
. \
0
No.of Busoperationall 1| 1| 1| 2 2| 2| 2| 1| 2| 2| 2| 2| 2| 2| 2| 1| 2| 2| 2| 2/ 0| O] Of 1| 1| 2| 1| 1| 1] 1| 2| 2 1| 1| 2| 1| 1| 2| 2| 2| 2| 2| 2| 2| 2| 1] 1| O Addis Ababa (EWTEC)
Addis Ababa (hotel)
4
Region
3
2
B ‘ —— BUS
. \ e 4WD Wagon
No. of 4WD wagon operationall O| 4| 4| 4 4| 2| 2| 2| 0| 2| 2| 2| 2| 2| 2| 1| 1| 1| 1| Of 0| Of O| O 1| 1| 1| 1| 1| 1| 4| 4| 2| 4| 4| 4| 4| 4| 3| 3| 3| 2| 2| 2| 2 2/ 0| O

Figure 5 EWTEC project phase 3 Training Course Schedule (draft)
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2-2-2-2  Equipment for TVETC (G)

G. Equipment for TVETCs
G.1 Equipment for practical training

There are nine TVETCs in Ethiopia. Each water supply department of these nine TVETCs has the
same curriculum. According to the curriculum, the time ratio of lecture and practice is supposed to be
3:7. However, in reality, not enough practice is held because of a shortage of vehicles and practice
equipment. This project plans to procure enough equipment necessary to implement practice in the
curriculum.

MoWR has already provided all of the equipment planned in this project to the nine TVETCs,
except for the diesel generators (G.1.15), submersible pumps (G.1.16), and field bacteriological &
physiochemical water analysis kits (G.1.13). One more set of equipment for each TVETC is provided
by this plan so that each TVETC will have two full sets.

Each water department of these nine TVETCs has been opened for less than 5 years and is still in
the early stage. Taking into consideration the possibility that, in the future, MOWR may purchase
additional equipment for each TVETC, one set of equipment to each school (9 sets in total) provided
in this plan is seen to be appropriate.

Table 9 shows the relation between the planned equipment and existing TVETC curriculum.

Table 9 Comparison between equipment and TVETC curriculum

No. Name Number | Course * Academic Subject
Year
G.1.1 | Total station 9 sets RWSS 1 e Survey
SSID 1 e Survey
RWSS 3 ¢ Rural water supply facility design
o Rural water supply facility
construction management
SSID 3 e Small irrigation system design
e Discharge system design
G.1.2 | Digital Planimeters 9 sets RWSS 3 o Rural water supply facility design
SSID 3 e Small irrigation system design
G.1.3 | Automatic Level 9 sets RWSS 1 | eSurvey
SSID 1 e Survey
RWSS 3 e Rural water supply facility design
o Rural water supply facility
construction management
G.1.4 | Geological Compass 9 sets RWSS 3 o Water resource survey for rural
water supply
SSID 3 e Small irrigation system design
o \Water resource survey
G.1.5 | Cylinder infiltrometer 9 sets RWSS 3 e Water resource survey for rural
water supply
SSID 3 e Small irrigation system design
o \Water resource survey
G.1.6 | Permeability test kit 9 sets RWSS 3 o Water resource survey for rural
| watersupply
SSID 3 o Small irrigation system design
o Water resource survey
G.1.7 | Soil color chart 9 sets RWSS 3 o Water resource survey for rural
water supply
o Rural water supply facility design
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No.

Name

Number

Course *

Academic
Year

Subject

o Rural water supply facility
construction management

SSID

e Small irrigation system design
e Water resource survey

G.1.8

Pick hammer

9 sets

RWSS

o Water resource survey for rural
water supply

SSID

e Small irrigation system design
e Water resource survey

G.1.9

Magnifying lens

9 sets

RWSS

SSID

o Water resource survey for rural
water supply

e Small irrigation system design
e \Water resource survey

G.1.10

Sieve

9 sets

RWSS

e Rural water supply facility design
o Rural water supply facility
construction management

SSID

e Small irrigation system design
o \Water resource survey

G111

Conductivity meter

9 sets

RWSS

e Water resource survey for rural
water supply

SSID

e Small irrigation system design
o \Water resource survey

G.112

pH meter

9 sets

RWSS

o Water resource survey for rural
water supply

o Rural water supply facility
operation

SSID

o Small irrigation system design
e Water resource survey

G.1.13

Field bacteriological &

physiochemical water
analysis kit

9 sets

RWSS

o Water resource survey for rural
water supply

o Rural water supply facility
operation

SSID

e Small irrigation system design
e Water resource survey

G.114

Hand auger

9 sets

RWSS

o Water resource survey for rural
water supply
o Rural water supply facility design

SSID

e Water resource survey
e Discharge system design

G.1.15

Diesel generator

9 sets

EMT

e O&M of diesel/gasoline fuel
discharge pump/engine

e Installation of generator set and
pump

e O&M of pump

G.1.16

Submersible pump

9 sets

EMT

e Installation of generator set and

pump
e O&M of pump

G.1.17

Surface pump
(electrical)

9 sets

EMT

e Installation of generator set and

pump
e O&M of pump

G.1.18

Arc welding machine

9 sets

RWSS

¢ Rural water supply facility design
o Rural water supply facility
construction management
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No. Name Number | Course * Academic Subject
Year
G.1.19 | Dewatering pump 9 sets EMT 3 e O&M of diesel/gasoline fuel
(petrol) discharge pump/engine
e Installation of generator set and
pump
e O&M of pump
G.1.20 | Chain pipe vice 9 sets RWSS 3 e Rural water supply facility design

o Rural water supply facility
construction management

G.1.21 | Chain wrench 9 sets RWSS 3 e Rural water supply facility design
o Rural water supply facility
construction management

G.1.22 | Pipe wrench set 9 sets RWSS 3 e Rural water supply facility design
o Rural water supply facility
construction management

G.1.23 | Pipe threader 9 sets RWSS 3 ¢ Rural water supply facility design
o Rural water supply facility
construction management

G.1.24 | Torque wrench set 9 sets EMT 3 e O&M of diesel/gasoline fuel
discharge pump/engine

e Installation of generator set and
pump

e O&M of pump

*  RWSS (Rural Water Supply Sanitation), SSID (Small Scale Irrigation Drainage), EMT (Electric Machinery
Technology)

G.1.1 Total Station

A total station is survey equipment used to measure distance by electro-optical distance measuring
and horizontal/vertical angle. Regional Water Resources Bureaus have this type and it has replaced the
theodolite as the mainstream survey equipment. It is fundamental for field surveys, and the planning
and implementation of water supply projects. Each total station needs a tripod to stabilize it and a
reflection board to reflect light waves. Specification is standard, which can measure a distance of
1000m or more, suitable for practical use in the construction of water supply facilities in Ethiopia. In
the present curriculum it is used for practical survey training in the RWSS and SSID courses, and for
practical training of rural water supply facility design and construction management in the RWSS
course.

G.1.2 Digital Planimeters

Digital planimeters are used to easily estimate area on maps. It is used for calculation of water shed
area and irrigation area using a given map. Therefore the planned equipment is digital type and able to
measure area and segment. In the present curriculum it is used for rural water supply facility design in
RWSS and small scale irrigation system design in SSID.

G.1.3 Automatic Level

Automatic Levels are survey equipment used to easily check levelness and height difference
between two points by automatic correction. It is quite common in level survey in Ethiopia and
necessary for height estimation in the construction of facilities for water supply and irrigation, and for
conducting level checks in pipe alignment. Specification is standard, and suitable for practical use in
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the construction of water supply facilities in Ethiopia. In the present curriculum it is used for practical
survey training in the RWSS and SSID courses, and for practical training of rural water supply facility
design and construction management in the RWSS course.

G.1.4 Geological Compass

Geological Compasses measure the strike and dip of strata. It is a very basic tool for geological
surveys, so the standard type is procured. In the present curriculum it is used for practical training of
water resource investigation for rural water supply in RWSS, and small scale irrigation system design
and water resource surveys in the SSID course.

G.1.5 Cylinder infiltration meter

Cylinder infiltration meters measure the rate of infiltration or absorption of water into soil, which
are essential for determining the irrigation method and duration. It is also used for measurement of
groundwater infiltration. In the present curriculum it is used in practical training of water resource
investigation for rural water supply in RWSS, and for small scale irrigation system design and water
resource surveys in the SSID course.

G.1.6 Permeability test kit

Permeability test kits are used for the measurement of soil permeability (saturated hydraulic
conductivity) using undisturbed samples. The value of permeability measured by this equipment is an
important factor in determining the irrigation method and duration. This type of kit is usable both
indoors and outdoors, and includes a sample ring and soil sampler. In the present curriculum it is used
in practical training of water resource investigation for rural water supply in the RWSS course, and
small scale irrigation system design and water resource surveys in the SSID course.

G.1.7 Soil color chart

Standard color charts are used to objectively determine soil color. In order to be applicable to the
varied soil types in Ethiopia, it should describe value of hue, brightness, and chromatic level. In the
present curriculum it is used in practical training of water resource investigation for rural water supply,
rural water supply facility design and facility construction management in RWSS course, and small
scale irrigation system design and water resource survey in SSID course.

G.1.8 Pick hammer

Geological hammers are essential for observing and sampling rock in geological field surveys.
Made of high strength metal in order to break rigid rock. In the present curriculum it is used for
practical training of water resource investigation for rural water supply in the RWSS course, and small
scale irrigation system design and water resource surveys in the SSID course.

G.1.9 Magnifying lens
Magnifying lens is a small hand glass with high magnification to observe rock composition mainly
used in the field. Standard type of 10 and 20 power magnifications are to be used in the practical
training of water resource investigation for rural water supply in the RWSS course, and small scale
irrigation system design and water resource surveys in the SSID course.
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G.1.10 Sieves

A standard sieve set contains several metal sieves with standard mesh size in order to test particle
size distribution of sediment. They are necessary for understanding soil characteristics for irrigation
purposes. In the present curriculum they are used for practical training of rural water supply facility
design and construction management in the RWSS course, and small scale irrigation system design
and water resource survey in the SSID course.

G.1.11 Conductivity meter

Conductivity meters measure the electrical conductivity of soil in the field. In the present
curriculum they are used in the practical training of water resource investigation for rural water supply
in the RWSS course, and small scale irrigation system design and water resource surveys in the SSID
course.

G.1.12 pH meter

pH meters are used to easily measure pH of soil in the field. This equipment is essential for
irrigation planning because pH is an important factor to determine the suitability of soil. In the present
curriculum it is used in practical training of water resource investigation for rural water supply and
rural water supply facility operation in the RWSS course, and small scale irrigation system design and
water resource surveys in the SSID course.

G.1.13 Field bacteriological & physiochemical complete water analysis kit

This kit is portable and designed for simple water quality test of groundwater or surface water in the
field. A kit capable of biological tests of coliform is needed. A small, simple spectrometer is included
for analysis of chemicals in water, and minimum required parameters are pH, TDS, temperature, NO,,
NOs, NH,4, F, Mn, Fe, SO4, hardness. Enough test reagent is included for 200 tests (40 x 5 years) or
more. In the present curriculum it is used in the practical training of water resource investigation for
rural water supply and rural water supply facility operation in the RWSS course, and small scale
irrigation system design and water resource survey in the SSID course.

G.1.14 Hand auger

A hand auger is used for simple drilling surveys and soil sampling surveys in the field. It is used for
some soil tests, such as permeability measurements, in order to determine irrigation sites, and includes
several types of blade edge applicable to any soil type (sandy, clayey, rigid, soft, etc). In the present
curriculum it is used for the practical training of water resource investigation for rural water supply
and rural water supply facility design in the RWSS course, and water resource survey and discharge
system design in the SSID course.

G.1.15 Diesel generator

Diesel generators are the common power source for rural water supply. It is used for the practical
training of generator maintenance. It is planned to procure the type of 5kVA output which is the
smallest and most portable, because the structure of the generator is basically the same regardless of
power scale. In the present curriculum it is used for practical training of operation and maintenance of
diesel/gasoline discharge pump/engine, installation of generator set/pump, and operation and
maintenance of pump in the EMT course.
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G.1.16 Submersible pump

The submersible pump is the most common pump for rural groundwater supply. It is planned to
procure a small portable type for practical training of maintenance, actual setting, and water pumping.
In the present curriculum it is used for practical training in installation of generator set/pump, and
operation and maintenance of pump in the EMT course.

G.1.17 Surface pump (electrical)
This is an electrical surface pump. It is used for practical training in installation of generator
set/pump, and operation and maintenance of pump in the EMT course.

G.1.18 Arc welding machine

The welding machine is planned to be used in the practical training of equipment maintenance. An
arc welder will be used with rated current of 300A or more. In the present curriculum it is used for
practical training of rural water supply facility design and construction management in the RWSS
course.

G.1.19 Dewatering pump (petrol)

A surface pump is set at ground-level and pumps up water with the attached hose. In the present
curriculum it is used for practical training of operation and maintenance diesel/gasoline discharge
pump/engine, installation of generator set/pump, and operation and maintenance of pumps in the EMT
course.

G.1.20 Chain pipe vice

A chain pipe vice is used to fix pipes in an appropriate position for pipe work, allowing pipes to be
quickly fixed and released using a chain. It is planned to use for the practical training of pipe
alignment and is capable to fixing GS pipe (steel pipe) of 6” maximum diameter. In the present
curriculum it is used in the practical training of rural water supply facility design and construction
management in the RWSS course.

G.1.21 Chain wrench

Chain wrench tightens and loosens various shape and size of bolts by winding chain around the bolt.
It is planned to be used in the practical training of pipe connection and capable to fixing GS pipe (steel
pipe) of 6” maximum diameter. In the present curriculum it is used for practical training of rural water
supply facility design and construction management in the RWSS course.

G.1.22 Pipe wrench set

This is a large wrench which holds a pipe directly in order to rotate it, and the diameter of its
opening is adjustable. Its planned use is for the practical training of pipe connection and suitable for
GS pipe of 27, 2-1/2", 3"diameter that is generally used in rural water supply. In the present
curriculum it is used for practical training of rural water supply facility design and construction
management in the RWSS course.

G.1.23 Pipe threader
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Pipe threaders are used for threading pipes or steel bars by using cutting parts called chasers. It is
for the practical training of pipe connection and suitable for 2” or less diameter that is generally used
in rural water supply. In the present curriculum it is also used in the practical training of rural water
supply facility design and construction management in RWSS course.

G.1.24 Torque wrench set

A torgue wrench screws up a nut using the appropriate amount of torque so as not to damage it. In
the present curriculum it is planned for practical training in the maintenance of generators etc. and is
presently used for practical training of operation and maintenance diesel/gasoline discharge
pump/engine, generator/pump installation, and operation and maintenance of pump in the EMT
course.

G.2 Transportation
G.2.1 Bus

At present, nine of the water technology departments in TVETC don’t have any vehicles such as
buses or pickups. According the common practical curriculum of these departments (Annex 3), the
total training time required for the entire main course is 6,678.5 hours, and 2,330 hours of this is for
practical field training (Table 10). Simply dividing this value by daily training hours (7 hours), it is
calculated to be 330 days, or 35% of entire course (Table 10).

Table 10 Ratio of field training in TVETC water technology department (common in 9 schools)
Entire main . )
Field practice

eourse (Total 3 grades) Ratio
(Total 3 grades) g

Total training hours planned in curriculum 6,678.5 hours 2,330 hours 35%

Gross days of training calculated using
training hours *
*Gross days = Total training hours/ 7 hours (usual training hours a day)

954days 333days —

In reality the field practice portion of the curriculum is mostly uncompleted in all departments
because of limited transportation. In the case of field visits to project sites operated by a regional water
resource bureau, TVETC borrows the regional water resource bureaus vehicles and only pays fuel
costs. Otherwise trainees use a public bus or shared-taxi to get to the training sites individually, with
their travel costs supplied by TVETC. Such makeshift measures are questionable, for example,
borrowing cars places a burden on the bureau, and having to find their own way to training prevents
trainees from participating, shown in the low percentage of attendance. Only three TVETC are located
in same town as regional water resource bureaus; Awassa, Asossa and Bahir Dar. As for other TVETC
trainees it is difficult to get any transport assistance from a regional water resource bureau. It is a
major concern that TVETC cannot properly carry out field work due to a lack of vehicles, considering
the fact that it is responsible for training members who will work for Woreda water supply offices, and
whose future work will mostly be in the field.

When evaluating the training content of each course, field work is considered essential to
understand the basic concepts.
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Based on above discussions, the necessity of buses as a transport measure in the field is judged very
high. A bus capacity of 50 was initially requested given that the usual class size is 40 students with
some teachers accompanying. However, the expected travel is to rural areas when visiting zonal water
offices, Woreda water offices or in their surrounding area, so the bus will mainly be driven on
unpaved roads. The rainy season will make driving such a large bus difficult. Moreover, such buses
will be unable to enter into some TVETC compounds. For these reasons, a 30 seat bus which has a
smaller turning radius is considered more appropriate. When the field training is nearby, several trips
can be made or trainees can be divided into groups, and the schedule for field trips will be arranged
accordingly. Therefore it is planned to procure a 30 seat bus.

2-2-3 Implementation Plan
2-2-3-1 Procurement Policy

(1) Basic matters
This plan is to be carried out as per the implementation schedule.

B Exchange of Notes is concluded between the government of Ethiopia and Japan, through the
Japanese cabinet approval.

B Based on the Exchange of Notes, the cooperative project proceeds to implementation stage.
Implementing agencies controlled by the Ministry of Water Resources conclude a contract
with a Japanese consulting firm for the implementation design and supervision of works in the
project.

(2) Design of Implementation
B The contracted consultant works out the implementation design for equipment procurement
through field surveys and prepares documents for tenders and contracts
B The consultant holds discussion and comes to an agreement with the Ethiopian side about the
tender document prepared on the basis of the basic design study report and the equipment
specification document.
B The period presumed for implementation design is about 4 and a half months.

(3) Tender

B The tender is implemented following equipment procurement guidelines for grant aid.

B General competitive bidding by businesses which satisfy the requirement of the guidelines is
the usual procedure for equipment procurement. Bidding is limited to Japanese candidates.

B The consultant supervises implementation of the tender announcement, bidding, evaluation of
tender proposal documents, and so on.

B The implementing agency prepares a tender evaluation report about the result of bidding and
an evaluation of tender proposal documents with the assistance of the consultant, and signs a
contract with the first bidder under an agreement with Japan International Cooperation
Agency.
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2-2-3-2 Implementation Conditions

@

Clear work responsibility between Ethiopian side and Japanese side

Division of procurement responsibility between the Ethiopian side and Japanese side is shown in
Table 11. In particular, preparation for utility of the provisions by the Ethiopian side should be
completed before delivery of equipment to encourage the smooth commencement of operation.

The equipment is to be delivered to existing schools where there are lessons, courses, and other
educational activities. Therefore before installing equipment at the schools, an installation plan
shall be prepared based on discussions with Ethiopian implementing agency, Japanese
consultants, and suppliers in order to avoid disturbance to the educational activities. In addition,
attention shall be paid to the safety of students during the installation of equipment, especially
vehicles and heavy equipment.

As shown in Table 11, the final destination of equipment is each target area/school. The security
conditions in Ethiopia will be taken into consideration and if necessary equipment shall be
delivered to a more secure neighboring area. The installation plans for the equipment are to be
sent to each target area/school at the time of the basic design study as future security is
unpredictable.

2-2-3-3 Scope of Work

The below table summarizes the scope of works for division of procurement responsibility

(Japanese grant aid) for both Japanese and Ethiopian sides.

Table 11 Division of Procurement Responsibility

Descriptions Japc-jlnese Ethlloplan
side side
1. Equipment
e Equipment procurement O
e Transportation and installation of equipment to designated places (0]
e Securing of power source for equipment 0
2. Securing of equipment storage 0]

3. Transportation and customs clearance of equipment

o Transport of equipment to designated places O

e Customs clearance

e Tax exemption (custom duty, VAT, etc.)

o Acquisition of approval for importing equipment

4. Bank arrangement and issue of authority to pay (A/P)

o Implementation of bank arrangement

e Issue of authority to pay (A/P)

o Other miscellaneous expenses related to above bank service charge

5. VISA approval and arrangement for project members and their costs

6. Required approval to implementation of the project

o|0o|0|0|O0|O0|O|O |0 |0

7. Cost burden related to project activities (exclusive of grant aid)

8. Tender Support Service

o Preparation of tender documents O

e Consulting service for tender and supervision of procurement O
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Descriptions Japz_mese Ethl_oplan
side side
9. Receiving inspection
o Inspection of delivered equipment 0]
o Inspection of delivered equipment in presence of consultant (6]

2-2-3-4 Consultant Supervision

(1) Basic Policy

Based on the Japanese government grant aid policy and the agreement with the consultant, the
consultant shall provide technical assistance to Ethiopia in the implementation design and supervision
of procurement under the concept of the basic design. In addition, the Consultant shall carry out the
grant aid arrangements in Japan on behalf of the Ethiopian government and make efforts to smoothly
achieve the goals of this plan.

(2) Points of Concern

The consultant shall provide proper support services for smooth procurement of equipment.
Specifically these services shall include: preparation of tender documents in the implementation
design phase; holding of tender under the name of the client; technical support to approve equipment
drawings by the Ethiopian side during the procurement supervision phase; pre-shipment review, and
dispatch of engineers to Ethiopia during the handover of equipment. In addition, the Consultant shall
confirm if acceptance of equipment is done as is indicated in obligation of the recipient country, and
give necessary advice in case of delay to ensure the smooth implementation of the equipment
procurement plan.

2-2-3-5 Quality Control Plan

The consultant shall confirm in advance the equipment drawings of the items necessary to be
produced for this plan. Also, the consultant shall check the necessary equipment at the factory prior to
shipment. All equipment to be procured in Japan shall be tested by a third party before shipment.

When equipment is delivered to the planned destinations, the Ethiopian side shall conduct tests on
the delivered items in the presence of the consultant.

2-2-3-6  Procurement Plan

(1) Method of Procurement

In Ethiopia, there are no manufacturers that produce equipment to be procured in this plan;
therefore, procurement of the equipment in this plan shall include equipment made in Japan or other
third countries. Regarding the equipment that is available at local agents in Ethiopia, in principal,
equipment with after-service available through local agents shall be selected in the plan.

(2)  Supplier and Route of Transportation

As stated above, equipment shall be made in Japan or other third countries. However the plan shall
assume that the suppliers are from either Japan or Ethiopia. The equipment made in third counties
shall be procured through agents in Ethiopia. The following items shall be procured in Japan: 1) items
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manufactured in a third county by Japanese enterprises, and 2) items manufactured in a third county
that are generally available in Japan.

Since Ethiopia is a landlocked country, the equipment procured in Japan shall arrive through
Djibouti. After import inspection in Djibouti, it shall be cleared at customs in Addis Ababa and
delivered to the planned destinations.

2-2-3-7 Operational Guidance Plan

(1)  Adjustment/Trial Operation Plan
Of the equipment planed to be procured in this project, adjustment/trial operation will be
implemented for the equipment shown in the table below.

Table 12 Items for adjustment and test operation plan

Organization Item Content
EWTEC A-1 Electro-Magnetic Meter Adjustment/trial operation/Japanese Engineer
EWTEC A-2 Resistivity meter Adjustment/trial operation/Japanese Engineer
EWTEC A-3 Logging equipment Adjustment/trial operation/Japanese Engineer
EWTEC B-1 Service rig Adjustment/trial operation/Japanese Engineer
EWTEC B-2 Drilling rig Adjustment/trial operation/Japanese Engineer
EWTEC B-3 Air compressor Adjustment/trial operation/Japanese Engineer
EWTEC B-4-1  Air lifting compressor Adjustment/trial operation/Japanese Engineer
EWTEC B-4-2  Submersible motor pump Adjustment/trial operation/Japanese Engineer
EWTEC B-6-16 Engine ump Adjustment/trial operation/Japanese Engineer
EWTEC C-1-21  Jet washer Adjustment/trial operation/Local Engineer
EWTEC D-1-01 Experimental machine for DC Adjustment/trial operation/Local Engineer
motor & generator
EWTEC D-1-02 Experimental machine for 3 Adjustment/trial operation/Local Engineer
phase induction motor and
generator
EWTEC D-1-03 Experimental machine for Adjustment/trial operation/Local Engineer
Synchronous motor &
generator
EWTEC D-1-04 Low voltage switch gear Adjustment/trial operation/Local Engineer
experimenter
EWTEC D-1-05 Basic Circuit Trainer Adjustment/trial operation/Local Engineer
EWTEC D-1-06 Analog Trainer (OP-AMP Adjustment/trial operation/Local Engineer
experiment trainer)
EWTEC D-1-07 Digital Trainer (Logic circuit Adjustment/trial operation/Local Engineer
trainer)
EWTEC D-1-08 PLC trainer Adjustment/trial operation/Local Engineer
EWTEC D-1-09 Electric leakage breaker Adjustment/trial operation/Local Engineer
experiment unit
EWTEC E-1-01 Pipe locator Adjustment/trial operation/Local Engineer
EWTEC E-1-02 Leak detector Adjustment/trial operation/Local Engineer
EWTEC E-2 Incubator and accessories Adjustment/trial operation/Local Engineer
TVETC G-1-13 Field bacteriological & Adjustment/trial operation/Local Engineer
physiochemical complete water
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Organization Item Content
analysis kit
TVETC G-1-15 Diesel generator Adjustment/trial operation/Local Engineer
TVETC G-1-16  Submersible pump Adjustment/trial operation/Local Engineer
TVETC G-1-17  Surface pump (electrical) Adjustment/trial operation/Local Engineer
TVETC G-1-18 Arc welding machine Adjustment/trial operation/Local Engineer
TVETC G-1-19 Dewatering pump (petrol) Adjustment/trial operation/Local Engineer

As for the equipment relevant to drilling technology (Number A and B), a drilling engineer will be
required to implement adjustment/trial operation. Therefore, it is planned that the professional drilling
engineer is sent from drilling equipment supplier. Since they are common in Ethiopia and basic
equipment for practical training, local engineers (electrical and mechanical engineers) are to be sent
with regard to the equipment of number C, D, E, and G.

(2)  Training for Initial Operation and General Operation Plan

Since the equipment to be procured in this project is used in education and training organizations in
Ethiopia, instructors and teachers know how to use them very well. Therefore, in general, training is
not required for initial operation or general operation. However, the operation of the equipment shown
in the table below is different depending on the type, and so there is at risk of accidents occurring due
to mishandling. Therefore, a drilling engineer will be sent from the drilling equipment supplier, and
will implement training in the initial operation and the general operation of the equipment.

Table 13 Training for Initial Operation and General Operation

Organization Item Contents
EWTEC B-1  Service rig Training for Initial and General Operation
EWTEC B-2  Drilling rig Training for Initial and General Operation
EWTEC B-3  Air compressor Training for Initial and General Operation
EWTEC B-4-1 Air lifting compressor Training for Initial and General Operation
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2-2-3-8

Implementation Schedule

The implementation schedule is given below including obligation of the Japanese side, such as
design of implementation, tender and procurement service.

Table 14 Implementation Schedule

Month

1

2 3| 4 5| 6 7 8] 9] 10

11

Implementation

Il (Confirmation of plan)

[l (Verification of documents)

| (Review of specification documents, preparation

of tender documents)

Plan |
I:l (Posting tender notice, Tendering and evaluation)
(about 4.5 months total)
(Equipment procurement)
I::I (Pre-shippin‘g insLection)
Proc;;enment (Shipping, customs clearing)

(Unpacking, inspection instruction on operation)

(about 13 months total)

2-3

Obligations of Recipient Country

Envisaged obligation of recipient country is as follows.

Table 15 Obligation of Recipient Country

L Cost Party
Items Obligation . .
9 (Birr) responsible

Electric power Secure power source to operate equipment 90.992 MoWR
Site Secure storage for equipment — MoWR
Transportation and e Customs clearance
custom duty e Tax exemption (custom duty, VAT 15% etc) 21,656,051 MoWR

Approval of importing equipment
Bank arrangement ¢ Implementation of bank arrangement
and issue of e Issue of authority to pay (A/P)

I .u . yiopay 27,298 MoWR
authority to pay Other miscellaneous expenses related to above
(A/P) bank service charge
Receivin Inspection of delivered equipment
; IVI- g pecti iv quip B MoWR
inspection
Others ¢ VISA approval and arrangement to project
members and their costs
Required approval for implementation of the
project
Total 21,774,341
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Ethiopian side shall cover 21,774,341 Birr of the total cost of this project. Among this, tax
exemption for procured equipment (21,656,051 Birr) is earmarked as a special budget, and Ethiopian
side (MoFED) has already accepted it. The responsible organization, MoWR, has dealt with the tax
exemption for the past grant aid projects in the same manner as this project, and there haven’t been
any tax problems to date. Besides, the other amount of money that has to be covered by Ethiopian side
(118,290 Birr) is only around 14 % of the total budget excluding the cost of employment. Therefore,
MoWR will be able to take responsibility in this project.

2-4  Project Operation Plan
2-4-1 EWTEC

The equipment provided and used for training courses at EWTEC is operated and maintained in
very good condition. It will not be a big problem even if the current storage space is used for the new
equipment; however, in case space becomes limited in the future, the study team requested that
enough space is secured to store the new equipment. Furthermore, currently EWTEC is making a
facility expansion and improvement plan (threefold increase in the quota of trainees) by utilizing the
KR2 Counterpart Fund. The fund application has already been submitted to MoFED.

At present, the equipment at EWTEC is strictly secured by a warehouseman. Operation and
maintenance of individual equipment are carried out responsibly by coordinators and trainers. It is
expected that same operation and maintenance system will be applied for the new equipment procured
by this study. In addition, during the EWTEC project phase 3, which will start during 2008, operation
and maintenance system of the equipment will be strengthened by the assistance of Japanese experts.

2-4-2 TVETC

Formerly, budgeting and technical assistance for TVTEC water technology departments were the
responsibility of the TVETC team of Department of Rural Water Supply and Sanitation Service in
MoWR. Training curriculum, teaching material, text, procurement, operation and maintenance of the
equipment, and running costs (teacher salaries, student allowance, and fuel expenses, etc.) were
covered by the TVETC team. However, recently, the transference of the above responsibilities from
MoWR to TVETC agencies or TVET commissions in the regions, Regional Education Bureau, or
Regional Water Resources Development Bureau was coordinated to start since July in 2008 in the
earliest region. According to the person in charge of the TVETC team in MoWR, only one regional
organization, a TVET agency in Oromia region, was transferred in July 2008. The control of the others
is to be transferred after July, 20009.

On the other hand, the Oromia TVET agency, facing the earliest regional transference in July, 2008,
has already submitted a request letter that they want to put the responsibilities such as procurement of
equipment and training of teachers into the hands of the central government and MoWR.
Considering this situation, relationship between the central and the regional authorities is judged much
the same as when the study was requested. This matter was confirmed by the consultant who surveyed
the TVETC in each region.

Consequently, as originally requested, the following content was summarized in the minutes of
discussion (M/D); The liaison of the Ethiopian side for procurement of the equipment to TVETC is
concentrated in MoOWR; MoWR has ownership of the equipment and responsibility for its sustainable
operation; Following the transference of authority, the TVET agency or commission in each regional
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state, Regional Education Bureau, or Regional Water Resources Development Bureau, will
appropriate the budget for operation and maintenance of the equipment to TVETC, which then covers
its own operation and maintenance costs. A formal agreement paper from each region to secure the
above contents has been already obtained from each region. Table 16 shows the current situation of
responsibility for operating TVETC in each region.

Table 16 Responsibility for the operation of TVETC Water Technology Department

Responsibility for operation
TVETC Region
Present Remarks
. Transferred to TVET Agency from
1 | Assela TVETC Oromia TVET Agency MOoWR in July 2008
. . Transferred to TVET Agency from
2 | Woliso TVETC Oromia TVET Agency MOWR in July 2008
. Planned to be transferred to TVET
3 | Bahir Dar TVETC Amhara MoWR Agency in 2009
Planned to be transferred to TVET
4 | Komborcha TVETC Ambhara MoWR Agency in 2009
. Planned to be transferred to TVET
5 | Maychew TVETC Tigray MoWR commission in 2009
Planned to be transferred to
6 | Awassa TVETC SNNP MoWR Regional Education Bureau in
2009
Planned to be transferred to
7 | Merka TVETC Afar MoWR Regional Education Bureau in
2009
. Planned to be transferred to
8 | Jijiga TVETC Somali MoWR Regional Water Bureau in future
. Planned to be transferred to
9 | Asossa TVETC Bergslshangul- MoWR Regional Education Bureau in
umuz 2009

Regarding operation and maintenance conditions of the equipment after procurement, MoWR is
supposed to monitor the working status of the equipment through the regular reports submitted by the
TVET agency (only transferred in Oromia region), TVET commission, Regional Education Bureau, or
Regional Water Resources Development Bureau (Figure 6) .
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Figure 6 O&M and Monitoring structure for the equipment for TVETC

Monitoring policy of equipment provided to TVTEC will be implemented in the following ways.
Monitoring will cover all of the equipment provided to TVTEC.

B The head of each agency must submit an annual Status of Use Report (including photos of
vehicles) on the equipment they are using. Attachment 1 shows the record of monitoring.
This monitoring will continue for at least 5 years.

B The monitoring record is split into three main sections: the rig; large and expensive equipment
which need regular maintenance such as vehicles, generators, and other items with engines;
field equipment that is easily maintained, and also relatively cheap tools that do not generally
require maintenance.

B In the case of vehicles and generators, as the driver or person responsible for them is usually
set, they can keep a record of maintenance and any troubles. Every month they should submit
this record of operation to the head of their department for approval. The head of the agency
verifies this (Appendix 5 (3)).

B In the case of electrical exploration equipment etc., the user makes a record after each use.
The head of the department responsible checks this every month (Appendix 5 (3)).

B An inventory check of the condition of tools is undertaken bi-annually using a prepared
itemized list.

Below is an outline of the monitoring reporting procedure of the provided equipment.

Driver/ Division TVTEC TVTEC Agency MoWR
Person-in-charge Head Principal /Commission Head of Water sector support / Capacity
equipment management Building Team

Mont] ord Mon cord Monthly record confirmation
confirmation confirmation Submit to MoWR (annual)

Daily driving /
maintenance record
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2-5 Project Cost Estimation
2-5-1 Initial Cost Estimation
This cost estimation is provisional and would be further examined by the Government of Japan for
the approval of the Grant.
2-5-1-1 Ethiopian side cost obligation

The following cost shall be borne by the Government of Ethiopia.

Table 17 Ethiopian side cost obligation

ltem Cost
(million yen)
Securing power source 1
Securing equipment storage space —
Tax exemption measures 238
Banking - authorization to pay 0.3
Equipment inspection —
Others —
Total 239.3
2-5-1-2 Conditions of Cost Estimation
1) Time of Cost Estimation: September 2008
2) Exchange rate: 1USD =106.18
3) Procurement Period The detailed design and procurement period is as shown in the
project implementation schedule.
4) Others This project is carried out as Grant Aid from the Government of
Japan.

2-5-2 Operation and Maintenance Cost

The planned equipment is basically selected considering the ease of operation and maintenance.
The majority of equipment requires only electricity costs for running, except for drilling rigs and
vehicles for which have higher maintenance and fuel costs. Below is a further description of necessary
costs and how much the Ethiopian government is able to bear.

2-5-2-1 EWTEC

(1)  Well Drilling Machine
Calculation of fuel expenses for drilling a 300m deep well is shown in Table 11.The following
criteria was set up for the purpose of calculation.
B Working hours per well drilling is 8 hours
B Geological condition:
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Depth 0-35m surface, weathered layer (soft rock)

Depth 35-250m  hard volcanic rock (hard rock)

Depth 250-300m  volcanic rock fractured zone, aquifer (middle-hard rock)
B Transportation fuel expenses are excluded

Table 18 Necessary days and fuel costs for drilling 1 well (*1, 2)

Type A Type B
Work (6 inch casing well) (4 inch casing well)
Days FueI_ cost Days FueI_ cost
(Birr) (Birr)

1. Preparation 2.00 2.00
2. Transportation 1.00 1.00
3. Machine setup 6.00 2,970 6.00 2,970
4. Temporary work 1.00 1.00
5. Drilling work 29.33 168,707 24.60 140,500
6. Logging 1.00 1.00
7-1. Casing preparation 1.00 1.00
7-2. Casing installation 1.00 1,238 1.00 1,238
8. Gravel packing 0.14 0.13
9. Sealing work 0.28 0.26
10. Cementing 0.18 0.13
11. Finishing 3.00 2,828 3.00 2,828
12. Pumping test 9.00 839 9.00 839

Total 54.93 176,582 50.12 148,375

*1 Diesel cost 9.62ETB/L (5.10.2008)

*2 Reference
(DNational Water Well Association of Japan (2008)
(2Japan construction mechanization Association (2008)

According to this, the cost of fuel alone to drill a 300m deep well is about 148~176 thousand Birr.
Actually, about another 45 thousand Birr will be added as allowance for trainees and instructors;
therefore drilling cost per well becomes 193~221 thousand Birr, excluding well materials such as
casing and gravel. During the transition period from EWTEC project phase 2 to phase 3, all training
was carried out by the Ethiopian side. Especially for practical training in drilling technology course, a
well planed to be drilled by Oromia regional water resource development bureau was successfully
constructed by EWTEC as OJT practice. For this, Oromia regional water resource development bureau
covered all the costs of drilling, including allowances. Currently, demand for drilling wells is very
high in Ethiopia, thus this system will go on in the future. In the same way, 300 m wells planned by
MoWR, regional water bureau, and so on, are also drilled by EWTEC OJT training, with the
organization which planned the well covering all costs of the training. In this manner training can be
carried out.

(2)  Vehicles

Based on the training schedule in the report of EWTEC project phase 2, and the draft schedule of
EWTEC project phase 3 described in Figure 5, the fuel expense and O&M cost for bus and 4WD (long
wheel base) were examined and the estimated result is summarized in Table 19.
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Table 19 Fuel and maintenance cost for vehicles in EWTEC (Bus and 4WD (long wheel base))

. . Maintenance Fuel+
Driving distance Fuel cost .
. \x3 Cost Maintenance
(km) (Birr) . .

(Birr) (Birr)

Bus (2 cars)™ 25,934™ 46,201 21,925 68,126

AWD (long wheel base) 48,3107 70,415 41,369 111,784
(4 cars)™

Total — 116,616 63,294 179,910

*1 Hino for 29 passengers (Liesse 11) fuel consumption 8.90km/L
*2 Toyota Landcruiser fuel consumption 6.6km/L

*3 Diesel cost 9.62ETB/L (5.10.2008)

*4 A Bus and two 4WDs are already in EWTEC

According to this, annual O&M cost for two buses and a 4WD (long wheel base) is estimated at
approximately 180,000Birr. Actually, the cost of vehicle operation and maintenance (fuel and oil) is
covered by the budget of EWTEC (around 100,000Birr annually), and material compensation from
MoWR. MoWR allocates fuel to all vehicles in the ministry. 50 litters and 70 litters of fuel per
wagon - pickup and bus are allocated from storage of MoWR. In addition, they are maintained, such as
by changing the engine oil and filter every 5,000 km. It seems this system will be continued in the
future, and vehicles to be procured in this project can be maintained and refueled by MoWR, in the
same manner as the existing vehicles. It has already been confirmed with the Ethiopian side that the
budget of EWTEC is increasing with the increment of the number of cars, since the budget is
earmarked depending on the number of cars.

Therefore, EWTEC (MoWR) can sufficiently afford to cover operation and maintenance cost for
vehicles including fuel as it has up until now.

2-5-2-2 TVETC

Based on the training curriculum of TVETC water technology department attached in Annex 3, and
taking into account field trip locations (relevant regional and district government agency, public
enterprise, private firm, project site) and the distance from each TVETC, the fuel and maintenance
cost for TVETC vehicles are estimated with the result is summarized in Table 20.
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Table 20 Calculated fuel and maintenance cost for the bus operation in TVETC based on the existing

curriculum

. Fuel Maintenance Total

TVETC Region (Birr) Cost (Birr) (Birr)
1 Assela TVETC Oromia 35,830 27,065 62,895
2 Woliso TVETC Oromia 32,509 24,741 57,250
3 Bahir Dar TVETC Amhara 24,234 18,954 43,188
4 Komborcha TVETC Amhara 31,216 23,825 55,041
5 Maychew TVETC Tigray 34,450 26,105 60,555
6 Awassa TVETC SNNPR 26,028 20,162 46,190
7 Merka TVETC Afar 35,994 27,247 63,241
8 Jijiga TVETC Somali 36,534 27,654 64,188
9 Asossa TVETC Benismgu"G” 27,347 21,103 48,450

Currently, water technology departments in each TVETC do not have any vehicles. Therefore, the
cost for vehicle maintenance is very low and accounts for around only 1.2 to 1.5 % of total budget.
This budget is used for fuel for vehicles borrowed from regional water resource development bureau,
traffic expense for students to move to the field by bus and taxi and so on. Though it depends on the
location of TVETC, the required cost for bus operation and maintenance with mileage calculated from
the TVETC curriculum is expected around 43 to 64 thousand Birr. However, the budget related to
vehicles is still only 2.3 to 3.8 % of the total budget. Therefore, the budget allocation can be adjusted.
In addition, each TVETC has a category “Miscellaneous” in the budget and this can be used
comparatively freely at its discretion. Normally, this budget is in emergencies and applied for
unscheduled events and workshops. However, it has also been confirmed with the Ethiopian side that
this budget can be allocated for vehicles.

The responsibility for operation of TVETC water technology department will be transferred to
TVET agency, TVET commission, Bureau of Education, and so on by the regional government in the
future. However, the budget allocation will be expected to be the same as or more than present.

Based on the reasons above, budget wise, it is considered possible to operate and maintain the
vehicles for practical training procured in this project.

2-6 Other relevant Issues

(D Customs, tax exemption, entry permit and residency

Procurement operation sometimes gets delayed due to problems of customs and tax exemption
procedures in spite of that planned equipment has right to tax-exempt status. Care has to be taken to
process these procedures promptly and not to affect this project.
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Chapter 3 Project Evaluation and Recommendations

3-1 Project Effect

Expected effects by the implementation of the project are shown below.

Table 21 Effects by the implementation of the project

Current conditions and
problems

Countermeasures
through the
implementation
of the project

Direct effect and degree of
improvement

Indirect effect and degree
of improvement

W Only approximately half of

the posts requiring staffing
in the water supply sector
are filled at present for the
achievement of UAP.
Therefore, producing
additional manpower and
improving the capacity of
existing manpower are
urgent issues to develop
water supply and operation
and maintenance.

It is now necessary to
replace some of the
equipment that has gradually
degraded over the past 10
years in EWTEC which is
the center of human
resources development on
water supply to meet the
needs of new and existing
training. In addition, TVETC
is also lacking equipment for
practical training.

Procurement of
equipment for
practical training
of water supply
field.

W Quality training with the
procured equipment will
be given to Engineers,
technicians and TVETC
students who are
engaged in groundwater
development and water
supply activities in
regions, zones, woredas,
private, NGO, TVETC
etc. (300 to 500 in
EWTEC and about
1,350in 9 TVETC)

W Ratio of practical
training in the training
curriculum will improve
from 10 - 30% to 70%.

B Since EWTEC’s training
targets core engineers
who are engaged in
water supply activities
and TVETC teachers,
EWTEC graduates will
transfer the technology
and knowledge to other
engineers, technicians
and TVETC students
who do not participate
the training.

B Ethiopian citizens will
have better quality
service compared to the
previous conditions as a
result of increase of
trained engineers.

3-2 Recommendations

3-2-1 Issues to be solved by the recipient country and recommendations

@D To secure constant budget for instructors

It is important to have sufficient number of EWTEC personnel (course coordinators and instructors)
for sustainable operation and maintenance of the equipment and improvement of training quality.
Assigning appropriate instructors is expected to be based on the human resources database, which is
planned to be prepared during EWTEC project phase 3, starting from January 2009. It is also
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important to strengthen the system to employ necessary instructors for short-term training, as guest
lecturers from private and enterprises etc. and to secure enough budget for their employment.

@ Utilization of equipment for EWTEC and its operation and maintenance

The equipment procured through the project shall be used during EWTEC project phase 3. After
initial operation training, EWTEC personnel shall continue developing their skills through actual
training courses with Japanese experts. Since EWETC is the center of technical training on water
supply in Ethiopia, it plays an important role as a model of equipment utilization and its operation and
maintenance. Therefore, MOWR shall make an effort to improve the skills of the course coordinators
and instructors by sending them to seminars and workshops conducted by other donors and
international organizations in addition to EWTEC project phase 3.

@ Establishment of monitoring system of operation and maintenance for TVETC equipment

It is important for MoWR to establish a monitoring system of the operation and maintenance of
equipment for 9 TVETC, in order to use the equipment appropriately in cooperation with TVET
agency, TVET commission, Education bureau, and water resources bureau.

@ To secure places for drilling for drilling technology training

It is important to collect information about drilling plans and schedules for the drilling training of
300m wells from regional water resources bureau, NGOs, and other donors which can cooperate with
the EWTEC training. Strengthening the network among these organizations is necessary to secure
places for drilling.

3-2-2 Technical Cooperation and Partnership with other Donors

It is essential to develop human resources for water supply in order to achieve UAP, which depends
on the on-going WASH program donated by World Bank and AfDB. Donors are giving high attention
to EWTEC and TVETC as the major organization to strengthen human resources for water supply. It
is important for EWTEC to be actively involved in other related human resource development projects
implemented in Ethiopia, so that it can implement activities with the whole water sector in mind.

The equipment procured in this project will be utilized in the existing and newly planned training
courses with appropriate instruction by Japanese experts under the EWTEC project phase 3 starting
from January 2009.
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| CONFIDENTIAL

Annex 2 Pm_ject Cost Estimation

Japanese side cost obligation

Table 1 Japanese side cost oblilgatio_n

Itein ’ | Cost (million yen)

(1) Equipment procurement . 532.
a. eqluipment : ~ (476)
b. transportation ' ' (G4) |
c. installation )
d. procurement management _ 4
e. generdl management (16)

(2) Design administration 24

= (USD 5.24 miiliiiﬁ)

Ethiopian side cost obligation

Table 2 Ethiopian side cost obligation

Item Cost (million yen) _

Securing power source |
Securing equipment storage space -

Tax exemption measures - 238

Banking+ authorization to pav 0.3
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5. BEXEAIFTER

[

1244

= F A B [E T K BR SRR e G

2HEROT R () D BINE - (BRI

f ) ENCBITF 2 RERAKSDT 78 AFEOBMRITRETHR22% (20044FUNDP) &, H 7
F I D56% (2004EUNDP) & bl L C H D TIRWHEMEIZ E EE-TEY . AHD85% M EIE
T ORI OFERIL, ETEAKOMERICE KRR E S5 HE2ESLCS S 25T, BRE2IHET S —
KEpoTWb, [T EBUFIZ20054 2 [EF a7k A m EEFH#E Universal Access Program (UAP) %
FENE L, 20124F & T K T98%., HBHEETL00% DG /KEZ T 5 L) BRELZIBIT T\ 5,
ZOHBEAERT 572 OITITERE R DIEIMNIC, FKFEITEED D AN D #EAEAK 8, #iifaK
538 DO 4y A THRIS0,000 A LB L STV D,

INDARILD & & L AN ET1998F1H 7> 5200843 H £ T, £t 170y =7 ~ THF /KBRS -
ARG IIHEE Y2 =7 N (Px2—XL, 740 —T v/, 7x=—R2) &#FElL, =FF T
VA —F =T u—rrZ— (EWTEC) DOHax., &MOITEHRER Ok KBE A 234 L& L
TR EIEANT - HERFE S O 2 — 2 | AKEIRBHTE T E 9 2 &R A 0w E BT O &I 8 & S %
LC&7e, T EIE, MAKRAMBERRD T O EZHER & ALiE T 5V 7-EWTECH BEAF-FA K ABF
BROHEE L TIER L. BIC, SEROBKAM DT O RRHE 08 L L CREMEFTICH Ik
gz (TVETC) HIEH LT, UAPERIC ML E e A\M O, Bom EXHZ & LTS, L
L. EWTECIZ BT 5 BEAF O ITFII0EN Bl L EME A EA TR . PR & L TEEFEL D
Pl = — XYt i o DA« 550 2 3 X BERETRIL 217 O MEBMEN A T T 5,

SO ENSOMWEREIZ LY | D2EIF2009FE0 H5FEM O TE CEWTECZ r Y =7 7
= A3 EFIRTETH D, 207 r Y =7 T IMRE 2 RESONGOE TR, BEAF I
A= 2NN DD T 7 7T ha Nz B 2 LRI STV D (22058 = — ), Zh
OB SN DA T 1 7T A& Eli T 57200, FBlONHEM 2 8T 2 0ERH 5,

37 V=7 ARG

(D) Fey=7 FEEEFEOBE #EERROHE R OHIHK)

f=) EICIBW T, R R /K BAYE S L OSBRI EL 21T O 72 0D IS U B TSR TR K A B IR
EAT O 2O OBRBEN MR SN S (EHEMAE : EWTEC THERIKI300~5004 O FIff#« T4, TVETCY
BECAERIFIL,3504 DRl 2R A 2 ) .
(2 Fmy=7 beEFBEORSE
7. ZF AT RN 2 — (EWTEC) TEERRFIEZAT O 72 b DMl SN 5.
A . 22 9 W FTOBEEIHEE (TVETC) TREMLIIZAT 5 72D OBM N EH SN 5,
(3 Frv=s MefEEOEEED
7. M EET S
A . Hb & RO THHE 21T 5
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(7)) ARZEM : EEE S /) 5.56(=1
(1) i 17aY =2 N ENTECY =—X 3
A. T=] Ef
(7)) FEMIESS H OB IR O MR
(f) BEpHERFE B DA
(V) BEMRRiE - R ST Ok

(5)  FEhAH
TEEIT . T=) EKERE

FhErgRs . =T AT oA —¥—7 7 /v Y—k> ¥ — (EthiopiaWater Technology
Center : EWTEC)

k3£ 342 (Technical Vocational Education and Training College : TVETC)

ATEE R ONE

(1 VA4 F
OEWTEC (7T 4 AT ~1T1)

QMG TVETCERWE (A a7 N7 B Z T K T+ VT, T EANTIN AN VE — LT Va3 7R
NTF X, TATTAIN~AFav i, MElah RN T OV, 77 7— WAV T, <V
DHTH . R=S e T T BRI T YT

(2 #=
7. EWTECIZH (T 2 i T /KBS K ONE/K 2 T4R D AT I Hs A4 O3
A . REMDTVETCKFIFERHI I 1T 2 ik Hsedt o
(3) HFEMAHEEERE
7. BERES F OB DR O
A HEMRRIE - ORE ST O MR

(4 WHEEXE
WA 795N (\EE LW 556N, =) Ef&iH2.39EH)
(5 I#

FEAREREE - AMLHI 2 E D TR18, A (TE)
(6) AR, V¥ —, REROCHSHEHOEE
A

S5AVEER Y X 7

BRI 7R IR ELAY 720,
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1 | Groundwater Development and Water Supply X3 at’ - Ministry of Water -
Training Project, Drilling Technology Textbook Resource
2 | Groundwater Development and Water Supply B at’ - Ministry of Water 2002
Training Project, Groundwater Investigation Resource
Course, Water Well Management
3 | Groundwater Development and Water Supply X5 at’ - Ministry of Water -
Training Project, Groundwater Investigation Resource
Course, Geology of Ethiopia (For the Course on
the Hydrogeology of Ethiopia)
4 | Groundwater Development and Water Supply X3 at’ - Ministry of Water -
Training Project, Groundwater Investigation Resource
Course, Groundwater Volume |
5 | Groundwater Development and Water Supply X5 at” - Ministry of Water -
Training Project, Groundwater Investigation Resource
Course, Groundwater Volume |
6 | Groundwater Development and Water Supply B at - Ministry of Water 2001
Training Project, Groundwater Investigation Resource
Course, 6" Training Course Textbook,
Hydrogeology of Ethiopia
7 | Groundwater Development and Water Supply B at’ - Ministry of Water 2002
Training Project, Groundwater Investigation Resource
Course, Contract Administration
8 | KEIRA 1999 4F B AV Ministry of Water | 2007
(7 LNTEE) Resource
9 | 19th - Drilling Machinery Maintenace = AN EWTEC 2008
Technology Training Course, Course Guide
10 | 18th Training Course in Drilling Technology BJE VY Fw EWTEC 2008
Course, Course Guide
11 | 17" Groundwater Investigation Course, Course B at’ - EWTEC 2007
Guide
12 | Groundwater Development and Water Supply S at’ - EWTEC -
Training Project, Groundwater Investigation
Course, Pumping Test
13 | Implementation report on 18" Driling Machinery B2 AN EWTEC 2008
Maintenance Technology Course
14 | 18" Groundwater Investigation Training Course B at’ - EWTEC 2008
Accomplishment Report
15 | Woreda Water Offices Situation and Training X2 at’ - JCA 2008
Needs Survey Conducted in Forteen Woredas of
Oromia and Afar Regions
16 | Survey on the Situation and Training Needs of B at’ - JCA 2008

TVETC, Public Enterprises and private Firms/
Companies
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1. #h F/KEEI—X (Groundwater Investigation)

£ a4

o

i ]
Bdsy

i %

Occurrence and
Groundwater
Movement
(Groundwater
Hydrology)

1 Occurrence of Groundwater movement
2 Groundwater movement at different geological
frameworks

Groundwater
Investigation
Methods

1 Information and Data Acquisition

2 Remote Sensing and Fracture Trace

3 Geological and Hydrogeol ogical methods of
investigation

4 Geophysical Survey

4.1 Electric Resistivity Survey

4.2 Electromagnetic Survey

4.3 Data Analysis

Practical training in the field. The followings are contents:

1 Datacollection

2 Observation of Morphology

3 Geological and Hydrogeological Investigation

4 Geophysical Survey (Vertical Electrical Sounding)
5 Geophysical Survey (Vertica Electrical Sounding)
6 Horizontal Profiling

7 Electro Magnetic Survey

8 Demobilization

9 Interpretation of Field data (In the EWTEC lecture)

9H
(7258

TEHIEIT = — 2O 3R HI
S I VAP /B E S
BFEE TR
FTOIETE,

Drilling Technology
and water well
management

1 Drilling methods and type of drilling machines
2 Contract administration

3 Water wells management

4 Water well design and well rehabilitation

20

Practical training:
Supervision of well drilling.

5H (40M5H)

Geophysical Logging
Test

1 Lecture of Geophysical Logging Test
2 Field Test
3 Data Analysis and Interpretation

Pumping Test

1 Theory of Pumping Test
2 Method of Pumping Test Interpretation

20

Field work:
Pumping test practice in the field and analysis the data

2H
(16H%[8)

B COBRKAERE

BP]
EO

Water Chemistry

1 Typical characteristics of Water

2 Purpose of Water quality Analysis & Required
parameters

3 Sampling and Analysis

4 Ground water pollution and Groundwater treatment

8

Geology and
Hydrogeology of
Ethiopia

1 Geology of Ethiopia
2 Hydrogeology of Ethiopia
3 Case Study

20

Practical training: Case study at Dire Dawa, Harar and
around these towns

5H
(40FFH])

H 7N~ B FZE
(NTI TALE D)

Groundwater
modeling and GIS

1 Introduction to Groundwater Modeling
2 Software utilization

3 Introduction to GIS

4 Producing map using GI S software

20
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2. HEHIH fffa—Z (Drilling Technology)

Y a4 I IRFFEIAL oy i %

1 | Introduction to 1. Introduction to geology & hydrogeology 26 AR OTRSH, Hg DRERL,
Geology and 2. Hydrologic cycle and groundwater movement KIFE LDV A7 T
Hydrogeology 3. Occurrenceof  GW in different geology KOFTE, BRED F kB X

4. Types of well logging KRB L 1Z DN TH
5. Well logging interpretation S FT-, RHI B RODF
6. Introduction of pumping test FleL b5,

7. Datacollection & report preparation

2 | Drilling 1. Drilling Administrative Techniques 12 TREIRF O 2 RRER O
Administrative IZDOWTHES, 6T, HEHI
Techniques FHE DT THRHHIT— 2

DERT i, BLOYEER
DIETE LIz 20 ThH
E

3 | Unitsof 1. Unit of Measurements 8 JRHIRF TS TS EAE
Measurement and G RN A N S Y e
their application SEADT 7PV —b A R

LTLB, FNHDEEARM
A EIZDNTES,
4 | Drilling Machines 1. Types of Drilling Machines 24 HIENE 0, b,
and Tools 2. Types of bitsand drilling accessories VLA B IO
[ZDOWTES,

5 | Drilling Technology | 1. Drilling Technology (cable tools) 54 n—4Y—UZ DTH, &
2. Drilling Technology (mud rotary system) OR—Hyra V7 BL0N
3. Drilling Technology (DTH system) ZAUTATRES D EAT TN
4. Cementing Techniques TH5,
5. Drilling Fluid Technology
6. Important Pointsin Drilling Operation
7. Drilling Supporting Techniques
8. Field visit (Oromia Afar, SNNP, WWDE)

6 | Functions of the 1. Air compressor and its function 44 PRI ORI B
Drilling Machineand | 2. Fundamental knowledge on hydraulic system EREY Ty T EIZONT
equipment 3. Principles of electrical systems of rigs & FR, T ar 7Lyt —

COMpressors RFHBHERLITONTHE
4, Circuit diagram and Electric maintenance of DEAERBEL F .55
pumps and generators

5. Principles of mud pump construction and function

7 | Recovery of Drilling | 1. Drilling Trouble Shoot 8 TREIRHC LR A, 3
Problems (Trouble FOZEOXHLITIEICONT
Shooting) T

8 | Practical Training 1. Introduction of the machine and the accessories 132 PRHI A - CTERERICR T

2. Greasing the machine

3. Rigging up and down practice

4. Mud rotary drilling and surface casing installation
5. DTH/Mud Rotary drilling

6. Trip out of drilling tools

7. Geophysical logging and casing arrangement

8. Casing installation, gravel packing & development.
9. Pump installation and provisional test

10. Continuous Pumping test & data collection

=V EARHIT %,
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3. {EBIBMEHED—X (Drilling Machinery Maintenance Technology)

£ a4,

N

IRFAIRC Sy

%

1 | Basic knowledge

1 Introduction of drilling machines
2 Measuring tools

3 Lubricants

4 Unit

5 Machine component

6 Mechanical drawing

7 Arc Welding

64

Practical training:
Visiting the factory around Akaki etc.

22

<D= B, A
ANKWIRE DIFEE T,
AkakiiTid D TH 179,

2 | Truck

1 Tracing mechanical power train on the actual truck
(1Isuzu)

2 Demonstrate the important

3 Practice on braking adjustment.

14

Practical training of breaking adjustment

3 | Top Head Drivetype
drilling machines

1 Hydraulic pumps

2 Hydraulic control valves

3 Actuators

4 Reading hydraulic circuit diagram of actual
machines

31

Practical training at the drilling sites on the following
drilling machines:-

1INGERSOLL RAND

2 SCHRAMM,

3 SOILMEC

4 TONE, & KOKEN

5 MASSENZA

45

4 | Diesel engine and
Injection pump

1 Making clear understanding on four strokes cycle
engine, two strokes cycle engine and their firing
order.

2 Making clear understanding on valve timing of
four-strokes cycle engine.

3 Introduction “items of technical specification” on
the four- strokes cycle engine.

4 Making clear understanding on all systems of diesel
engine, combustion, lubricating, cooling, fuel,
starting etc.

5 Making clear understanding on construction and
functions of Injection pump and Injector.

16

Practical training on the following points:

1 Confirming component of diesel engine including
turbo charger by using the cut model.

2 Overhauling fuel feed pump, fuel injector and the
nozzle.

3 Explanation on injection system in inline type
injection pump by using actual plunger and barrel.

5 | Down The Hole Air
hammer

1 Making clear understanding on construction and
function of the Air Hammer, especially how the
piston operates by high-pressure air.

2 Took the actual hammer to a piece for recognition
of the construction and function .

3 Making clear understanding on the purpose of
usage of rock oil.

4 Guidance trouble shooting and maintenance points

Practical training on operation, assembling and
disassembling etc.
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Air compressor

1 Making clear understanding on construction and
function of the air compressorsin trailer type.

2 Making clear understanding on sequence of high
pressureair  inthe system, (no-load, load and
Un-load conditions).

3 Making clear understanding on the usage of Air
compressor oil and it’s flow in the system

4 Making clear understanding on the oil separation
system.

5 Guidance trouble shooting and periodical
maintenance points on the Air compressor

14

Practical training on the following points:

1 Clarified construction and function of the entire
component on actual air compressor, Belgium made
ATLAS COPCO XRHS385 Md.

2 The sequence of pressurized air was shown in the
air flow diagram systematically and also confirmed
by the actual Air compressor.

3 The oil separation method was shown in the ail
flow diagram. And using the actual partsinvolvedin
the system

4 To be understood firmly the systems with referring
to actual diagrams of XRHS385 Md, XRV S 450 Dd,
XRV 9 (Belgium made) respectively.

Percussion type
drilling machine

Making clear understanding on construction and
function of power train, especially lines of bull reel,
casing, sand reel and mast raising and lowering

12

Practical training at Awassa SNNPRS Enterprise on
the following points:

1 Practice on operation of the actual machine on
SNNP water works construction Enterprise drilling
rig.

2 Guidance trouble shooting and maintenance points.

BN T FEE,

Electrical deviceson
Diesel engine

1 Making clear understanding what is electricity (DC
and AV).

2 Making clear understanding on construction and
function of lead battery.

3 Guided how to maintain the lead battery

4 Introducing starting circuit and charging circuit.

11

Practical training on the following points:

1 Measure current and voltage in AC and DC by
using multi meter

2 Measureresistance in DC current by multi meter.
3 Confirming construction of lead battery by using
the cut model.

4 Measure specific gravity of electrolyte and voltage
of actual battery.

5 Overhauling actual Starter motor.

6 Explanation on construction and function of
Alternator and Voltage Regulator by using the cut
model and real one.

7 Measure output voltage at alternator and regulated
voltage in battery charging system
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4. BRHEMEHE— X (Electrical Mechanic Maintenance Technology) 3

£ a4,

N
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1 | Fundamentals of
Electricity and
Measurements

1. Fundamentals of electricity
1.1 Safety precautions
1.2 Electrical symbols
1.3 Nature of electricity
1.3 Direct current theory
1.4 Alternating current theory
2. Electrical measuring instruments and measuring
2.1 Construction of electrical measuring instruments
2.2 Usages of electrical measuring instruments

19

2 | Submersible Pump

1. Introduction
1.1 General information
1.2 The head of the pump and its measurement
1.3 Pumping theory
2. Pump classification
2.1 Pump performance
2.2 Dismantling and assembling Submersible pump
& Electrical motor
2.3 Submersible pumps installation
2.4 Polyphase motors
2.5 Three phase system
3. Cables
3.1 Cables
3.2 Soldering
3.3 Selecting Cable

20

3 | Sequence Control

1 Electrical devicesand Logic
1.1 Control and Protective devices
1.2 Relay logic
1.3 Digital logic
2 Circuit design, development and analysis
3 Basic circuit diagram for machine, tools and
machinery

24

4 | Diesdl engines

1 Course introduction

2 General safety guide lines

3 How diesel engine works

4 Engine components

5 Starting system

6 Air intake/Exhaust system and tests
7 Lubricant system and tests
8 Cooling system and tests

9 Fuel system and test

10 Managing fluids and filters
11 Gathering data

16

5 | Electrical Deviceson
Diesel Engines

1 Direct current (DC) & Alternating current (AC)
2 Battery

3 Starting system

4 Charging system

5 Introduction of atester

6 | Electric Motors and
Generators

1 Basics of Electro Machine
2 Fundamental Concepts on Motors
3 Fundamentals Concepts on Generators

20
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5. ¥k ffia—X (Water Supply Engineering)
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Introduction of Water
Supply Engineering

Introduce the basic water supply components and
operation & maintenance of water supply schemes

5

Practical training:

Discuss with participants the general problem in
water supply schemes of Ethiopia & their respective
regions

Planning of water
supply

1 Introduce planning processand Review
population forecast methods

2 Introduce water demand analysis & reservoir
capacity determination methods

Practical training on the following points:
1 Case Study
2 Exercise

Water source

1 Introduce the water Occurrence & Hydrology

2 Introduce the types & selection of water sources

3 Introduce the ground water investigation &
pumping test methods & well design methods

4 Introduce the selection of water source site methods

Practical training on the following points:

1 Conduct site selection by the use of global map
method

2 Conduct site selection at Akaki area

3 Conduct practical pumping test analysisin the
compound of the training center

4 Conduct site visit at Akaki well field

Contamination of
water
bodies/Pollution and
sanitation facilities

1 Introduce the cause of water contamination
2 Introduce the sanitation facilities

Practical training on the following points:

1 Discus the sanitation of the country with
participants

2 Field observation at waste water trestment facilities

Water Quality
Management &
Control

1 Introduce water quality management & control
2 Introduce disinfection methods & Water Chemicals

Practical training on the following point:
1 Demonstrate water quality instruments

Purification facilities

1 Introduce the types of purification facilities and
operation & maintenance of treatment process
2 Introduce the types of purification facilities and
operation & maintenance of treatment process

Practical training on the following points:
1 Case study on purification facilities

2 Exercise on purification facilities

3 Field observation on SSF

4 Field observation on old RSF

5 Field observation on new RSF

36
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Basic design criteria
of water supply
facilities and tender
document
preparations

1 Introduce basic design criteria of water supply
facilities

2 Introduce Bid document preparations /civil &
supply of pipes & fittings

4

Mechanical &
Electrical Facilities

1 Introduce the Electro-Mechanical equipments and
its design, installation & operation methods

2 Introduce the power system & control, maintenance
tools and instruments

3 Introduce the types and characteristics of a pumps
& pump selection methods

Practical training on the following points:

1 Demonstrate el ectro-mechanical equipmentsin the
center

2 Execute a hydraulic calculation for a pump
specification

3 Exercise or case study

Transmission &
Distribution Facilities

1 Introduce the concept and basic elements of
transmission & distribution systems

2 Introduce the design criteria for components and
materials for water supply systems

Practical training on the following points:
1 Introduce software programs (EPANET/WATER
CAD)
2 Practice with programs for linear and network
systems
3 Practice with programs :
Case study 1: Linear system for rural community
a. Single period anaysis
b. Extended period analysis
7 Practice with programs:
Case study 2: Urban network systemsincluding
system planning
8 Urban system continued

12

10

Structure Analysis &
Construction of water
works

1 Introduction of basic knowledge and factors of
structural engineering

2 Experiments of assembling model structural
members

3 Introduction of concrete structure and design
a. Limit state design

4 Finite element method

Practical training on the following points:

1 Practice with software (SAP)

2 Practice with software (SAP) Architectural

3 Practice with software (SAP) Civil

4 Field observation for water supply system and civil
works

Analysis of the observationsin the field study:

1 Analysis of civil works

2 Analysis of water transmission/distribution system

16

11

Group discussion

Giveinternal evaluation formsto all participants

Practical training on the following point:
Discus with them about the general course process
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Electrical
System
Installation

Duty 1 Installing Electrical Wires
(70hours)

Duty 2 Installing Distribution Board &
Connecting Final Sub-Circuits (28)
Duty 3 Terminating Wires to Fittings
(32)

Duty 4 Testing and Trouble Shooting
Electrical Installation (20)

150

Project Work :

Preparing installation drawing of
Woreda water supply office (Individual
basis)

Apprenticeship :

Working at Line departments &
enterprises on water works, or Private
enterprises on installing electrica
system. Perform the actual wiring in an
organization

78

Repairing
Measuring
Instruments
& Control
Panel
Devices

Duty 1 Maintaining electrical
measuring instruments (50)

Duty 2 Maintaining control panel
device (35)

85

Project Work :

1. Principle of operation of analog
AV O meters, multimeter, wattmeters
2. Principle of operation of digital
AVO meters

3. Measuring instruments repairing

Apprenticeship :
Exercise measuring unit in an
organization

78

Electric
Motor and
Generator
maintenance

Duty 1 Identifying DC Generators &
Motors(52)

Duty 2 Identifying AC Generators &
Motors(62)

Duty 3 Maintaining Electric Motors
(40)

Duty 4 Maintaining Generators (45)
Duty 5 Rewinding Armature Coils of
Motors (180)

379

Project Work :
Rewinding armature coils of motors

Apprenticeship :
Electric motor and Generator
maintenance activities

20

Water Pump
Operation &
Maintenance

Duty 1 Operating Water Pumps (18)
Duty 2 Maintaining Surface Water
Pumps (96)

Duty 3 Maintaining Submersible
Pumps (86)

Duty 4 Maintaining Hand Pumps (36)

258

-B51-

FHAN

FHAN (EAER)

-Line departments &
enterprises on water
works

-Private enterprises on
installing electrical
system

SRRy
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Duty 5 Maintaining Hydraulic Ram
Pumps (22)

Project Work :

1 Maintaining Surface Water Pumps
2 Maintaining Submersible Pumps

3 Maintaining Hand Pumps

70

Apprenticeship :

To practice on the operation and
maintenance of different water pumps
in any water supply scheme

130

Diesel &
Dewatering
Pump
Gasoline
Engine
Operation &
Maintenance

Duty 1 Operating Diesel Engine (16)
Duty 2 Maintaining Engine Crank
Mechanism (64)

Duty 3 Maintaining Valve
Mechanism (75)

Duty 4 Maintaining Air Intake and
Exhaust (23)

Duty 5 Maintaining Cooling System
(57)

Duty 6 Maintaining lubricating
System (60)

Duty 7 Maintaining Fuel System (71)
Duty 8 Maintaining Electrica
System (35)

Duty 9 Maintaining Gasoline Engine
of Dewatering Pumps (28)

429

Project Work :

1 Maintaining Crank Mechanism of
Internal Construction Engine

2 Maintaining Vave Mechanism of
Internal Construction Engine

3 Maintaining of cooling System

4 Maintaining Lubricants System

5 Maintaining Fuel System of diesel
Engine

70

Apprenticeship :

To practice on the operation and
maintenance activities of diesel and
dewatering pump gasoline enginein
any water supply scheme

130

Generator
Set & Water
Pump
Installation

Duty 1 Installing Generator Set (21)
Duty 2 Installing Surface Pumps (40)
Duty 3 Installing Submersible Pumps
(30)

Duty 4 Installing Hand Pumps ()

91

Project Work :

1 Installing Generator Set,

2 Ingtalling Surface Water Pumps,
3 Installing Submersible Pumps

70

Apprenticeship

To practice on installation works
related to generator set and water pump
of different kindsin any water supply
scheme

156
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Resources
Investigation

Small Scale
Irrigation
System Design

Duty 1 Investigating Soils (40)

Duty 2 Investigating Surface Water
Resource (28)

Duty 3 Assessing Ground Water Potential
(21)

Duty 4 Surveying Socio-Economic
Conditions (26)

Duty 5 Investigating Agronomic Aspects
(40)

Duty 6 Evaluating Land Resources(22)
Duty 7 Analyzing Water Demand and
Quality (96)

Duty 8 Conducting Geotechnical
Investigation (90)

Project Work (70) :

1 A preliminary study on nearby river for
small scaleirrigation devel opment.

2 Appraisa of different feasibility studies
Apprenticeship :

To do an interpretation produce a brief
report about what has he/she gained at the
training center and work closely with
experienced professionals.

Duty 1 Designing Diversion Head Work
(65)

Duty 2 Designing Water Harvesting
Structures (45)

Duty 3 Designing Pumped Irrigation System
(40)

Duty 4 Designing Ground Water Source For
Irrigation (30)

Duty 5 Designing Channels and Farm Roads
(25)

Duty 6 Designing Channel Structures (55)
Duty 7 Designing of Surface Irrigation
System (40)

Duty 8 Designing Pressurized Irrigation
System (30)

Duty 9 Preparing Specification & Bill of
Quantities (10)

Project Work :

1 Prepare the detailed design work for
specificirrigation area

2 Prepare the specification and bill of
quantities for the above mentioned design
by the same group

Apprenticeship :

363

70

SEREN, ATHERR S &
DT CHIULE
TH OK, (Fn—7
1E3E)

156

Regional irrigation
development authority,
ESRDF, Regional
commission for
sustainable agriculture
and environmental
protection, Private
consulting enterprises
onirrigation
development, Line
departments and
enterprises on water
works

R Tz Lizha, &
M2 7> AT & A3 T2 D A5 D
WmEELRINT 2LERH

%o

340

70

FRN (5N 1#D)

G HEE I DA
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b7, wat, B, (EHES
fEE TEAT 5,

156

-53-

Regional irrigation

TEREIZ D370 2 W) D%




ZH

s _ 7N
il el e iy IS i
designing of head works, irrigation development authority, | . fEERE(ER., &R,
structures, water harvesting structures, Commission for
pumped irrigation system, ground water sustainable
irrigation system, channels and roads, environmental and
surface & pressurized irrigation system, and agricultural
preparing specification and bill of development, Line
quantities. departments of and
enterprises of water
works, ESRDF NGOs
Duty 1 Over viewing drainage (8)
Duty 2 Over viewing sdlinity in irrigated
agriculture (18)
Duty 3 Describing and estimating drainage
systems design basic data (22)
Duty 4 Conducting hydraulic conductivity
tests (75) 319
Duty 5 Investigating drainage conditions
(71
Duty 6 Designing surface drainage systems
(65)
Duty 7 Designing subsurface drainage
systems (60)
3 prainage Tged\/:t?rk f detailed surface drai
System Design epardpnof aledsu e?jcle ;amage SR G (R MBI, Pk, K. BE
systems §|gn orar?lrrlgat and. 60 FAR e (L& RSO R MR, REL
2 Preparation of detailed subsurface L) -
drainage systems design for an irrigated
land.
Apprenticeship : Regional Irrigation
-Topographical, water and soil Development Authority
investigations for drainage or Commission for
-Surface drainage systems design Sustainable INRBEERELZ 137> 5 HiFE
-Subsurface drainage systems design 156 Environmental and . YRS AT B O
-Preparation specifications and bill of Agricultural R Rk, RO X &
quantities. Development or line 5,
departments and
enterprises of water,
ESRDF, NGOs
Duty 1 Planning Irrigation Operation (54)
Duty 2 Distributing Irrigation Water &
Monitoring It (42)
(DSL:lt)ySMonltormg Soil & Water Quality 290 ey
Small Scale Duty 4 Planning Maintenance (62)
Irrigation and S . .
Drainage Duty 5 Guiding implementing maintenance
3 (62)
Systems Project Work Tuvx s hOKE, Kt
Operation and . . PR DT 2 | o e NS
Maintenarce 1 Planning operation of the scheme 50 Se s by Ty e, R, TRRL, —
2 Planning maintenance of the scheme HOFAE 75,
Apprenticeship : 3T < @ Irrigation
1. To plan operation of thisirrigation Development e
scheme 70 Authority, = ZHH1 EROREEFE,
2. To plan maintenance of thisirrigation S ~BE,
Small Scale Duty 1 Managing Construction (31)
Irrigation and Duty 2 Guiding Construction of Micro dam
3 | Drainage (32) 290 FAEAN
Construction Duty 3 Guiding the Construction of River
Supervision Diversion (37)
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Duty 4 Controlling the Construction of
River Bank Intake (18)

Duty 5 Guiding Construction of Ponds (20)
Duty 6 Guiding the Construction of Hand
Dug Well (15)

Duty 7 Construction of
Generator/Pump/House (28)

Duty 8 Inspecting Construction of Spring
Tapping (54)

Duty 9 Constructing Conveyance Canal (21)
Duty 10 Constructing Conveyance Canal
Structures (34)

Project Work :

Small scale irrigation development
structures prototype production

a) Prototype for diversion weir

b) Prototype for embankment intake

¢) Prototype for flume

d) Prototype for inverted siphon

€) Prototype for micro dam

f) Prototype for conveyance canal
Apprenticeship :

a) process & bureaucracy of material supply
b) process & bureaucracy of financial
supply

¢) material quality

d) design layout process

€) indicate means for increasing
construction efficiency

f) delineate the conventional construction
process from what is studied

g) foundation treatment during construction

50

ERAGI—TE
%)

INSIEEBRRFEICDEGHE
BEYOTONATEHES,

100

Irrigation farmsin the
awash valley, Irrigation
farms Braile
Agriculture
Development
Enterprise, Government
institution working on
Irrigation Development

INGIERERER O, FICE
EHZEH-—EDRnE

F
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Rural Water
5 | Supply
Source
Investigation

Duty 1 Carrying out water demand
assessment (16)

Duty 2 Assessing ground water sources
(54)

Duty 3 Assessing surface water sources
(65)

Duty 4 Conducting water quality
analyses (80)

Project Work :

a) Ground Water Sources Investigation
b) Surface Water Sources Investigation
¢) Water Quality Analyses

Apprenticeship :

To participate in each and every steps of
site selection starting from the office
work

Rura Water
5 | Supply
Scheme
Design

Duty 1 Determining units of water
supply schemes (6.5)

Duty 2 Designing spring tapping (15)
Duty 3 Designing hand dug well (15)
Duty 4 Designing infiltration galleries
17)

Duty 5 Designing drilled well head (7)
Duty 6 Designing rain water harvesting?
(16)

Duty 7 Designing diversion head work
(65)

Duty 8 Designing run off water
harvesting structures (45)

Duty 9 Designing pipe lines (17)

Duty 10 Designing masonry stand for
steel reservoir (10)

Duty 11 Designing Ferro-cement
reservoir (24)

Duty 12 Designing masonry wall
reservoir (22)

Duty 13 Designing reinforced concrete
reservoir (31)

Duty 14 Designing a slow sand filter
(18)

Project Work :

1 Designing of surface water structures
2 Designing of ground water source
structures

Apprenticeship :

Workingat Water bureaus, Water
departments, Water works design and
supervision enterprise, Water well
drilling enterprise etc

Duty 1 Managing construction (31)
Duty 2 Guiding the construction of hand
dug wells (12)

215

50

150

308.5

30

150

284

| Zpeftin e,
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Rural Water
Supply

Construction
Supervision

Duty 3 Guiding the construction of
spring tapping (8)

Duty 4 Controlling ling the construction
of river bank intake (17)

Duty 5 Guiding construction of ponds
(14)

Duty 6 Guiding construction of micro
dams (17)

Duty 7 Guiding construction intake weir
(28)

Duty 8 Guiding the construction of
generator/pump (37)

Duty 9 Guiding the construction of steel
reservoir (25)

Duty 10 Guiding the construction of
Ferro-cement reservoir (9)

Duty 11 Guiding the construction of
masonry reservoir (19)

Duty 12 Guiding the construction of
reinforced concrete reservoir (19)

Duty 13 Guiding the construction of a
slow sand filter (13)

Duty 14 Guiding/supervising the laying
of transmission and distribution pipes.
(20)

Duty 15 Supervising Laying of
Transmission and Distribution Pipelines
(15

Project Work :

1 Guiding and supervising hand dug well
construction

2 Guiding and supervising pipe laying

3 Guiding and supervising water tight
structures (masonry reservoir)

Apprenticeship (150):

Working at water works design
enterprise, water works construction
enterprise and water well drilling
enterprise etc.

Rura Water

Supply
Scheme
Operation

Duty 1 Guiding Operation of Surface
Water Sources (41)

Duty 2 Guiding Operation of Ground
Water Schemes (18)

Duty 3 Guiding Operation of Potable
Water Treatment Plant (48)

Duty 4 Guiding Operation of Pumping
Stations (42)

Duty 5 Guiding Operation Activities of
Water Distribution Systems (57)

Duty 6 Guiding Maintenance Civil
Works (12)

Project Work :
Water quality control

Apprenticeship :
Working at town water treatment units &
water laboratory room

Rural
Sanitation

Duty 1 Developing human excreta
disposal facilities (24)

30

150

218

20

120

59
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Duty 2 Guiding management of sludge
water (35)
Project Work : A=y hDaIa=
Pit latrine design TA—DREIEBE
10 Bl L7292 T, AL D
FREE. ARER, REE
FTEITI,
Apprenticeship : b L OB L K
Working at organizations where design ol = ey
and construction of rural sanitation 30 %:;Liﬁﬁo B LR
facilities are undergoing
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Year:

VEHICLE OPERATION AND MAINTENANCE RECORD
Name of TVETC

Vehicle Number

Jan. / Feb. / Mar. / Apr. / May / Jun. / Jul. / Aug. /Sept. /Oct. / Nov. / Dec.

Driving Record

End Mileage (km)

Total travel distance of this month(km)

Date

Purpose of Use

Destination

Treve Distance(km)

M aintenancerecord

Type of Maintenance

Date

Remarks

Regular -

Repair

Regular -

Repair

Regular -

Repair

Regular -

Repair

Regular -

Repair

Regular -

Repair

Regular -

Repair

Date

Name

Signature

Recorded by driver

Checked by head of office

Authorized by TVETC principle

Authorized by TVET Agency/

Committee
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|VEHICLE OPERATION AND MAINTENANCE RECORD (For Photo Frame)

*Please attach photos to show the current condition

M onth

OBLIQUE FRONT VIEW

OBLIQUE REAR VIEW
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<Anual Record Format>

Name of TVETC :

EQUIPMENT CONDITION RECORD

Date:

ID Number |ltem

Condition

Good | Workable

Out of order

Remarks

Total Station

Digital Planimeters

Automatic Leve

Geological Compass

Cylinder infiltrometer

Permesbility test kit

Soil color chart

Geological hammer

Magnifying lens

Sieve

Conductivity

pH meter

Field bacteriological &
physiochemical complete water

Hand auger

Diesd generator

Submersible pump

Surface pump (electrical)

Arc welding machine

Dewatering pump (petrol)

Chain pipevice

Chain wrench

Pipe wrench set

Pipe threader

Torque wrench set

Date

Signature

Recorded by store keeper

Checked by head of office

Authorized by TVETC principle

Authorized by TVET Agency/
Commission
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(4) ETEBEHHE
No. bt 4 kR o=
A. HITKHRE
A-1 TEHRA R [ iEa, JIZETREE 300m 1 A
A-2 R A 2 RocRAr, EVRE 200m 1 =
A-3 FLP AR FHIZRE 300m 1 =
B. {BHIBR
1. Y—ERYY
B-1 F—e Ry FFR 4", 6", 8" YRR 200m. BKAL 150m, 1 =
4x4 or 6x4 hF v AR T (& 500L/min, JE
71 2MP)
OR—=V> 7 HT7 27— (6,81 FH)
@7 Ty 7T e I— (6, 81T H)
@Y=y T4V T 7)) — (6. 84T H)
2. 300m #RIBHIEETY—ILR
TRHIEE M O HI>Y — v LLF @y 1 =
300m F& A Hili Rotary type, drill pipe OD 4-3/4" 300m L. | 1 2V
<y RARCZERR 2K E 1,500L/min LAk 25K
20kg/cm2 LA |, FF> 7 6x4, PTO
RIAT ~y YT 3-1/2 (Box)x3-1/2 (pin) 2 A
N Za¥ s 4-3/4" OD x 6m, 3-1/2"IF box x pin, wrench recessonboth | 70 f#
ends, hard thread protectors
RUNIRAT 4-3/4" OD x 3m, 3-1/2"IF box x pin, wrench recesson both | 2 &l
ends, hard thread protectors
KU AT 4-3/4" OD x 1.5m, 3-1/2"IF box x pin, wrench recess on 1 &
both ends, hard thread protectors
JaAF—N—HT 3-1/2" IF box x 4-1/2" IF pin &
RUNT1T7— 6-1/2" OD x 3m, 4-1/2"IF box x pin, wrench recesson both | 6 &
ends & hard thread protectors
E Y RAZE T AP — 9-7/8" OD x 2m, 4-1/2" IF box x pin, wrench recess on 2
both ends & thread protectors
5.2 E Y RAZE T AP — 8-1/2" OD x 2m, 4-1/2" IF box x pin, wrench recess on 2
) both ends & thread protectors
(=N 4-1/2" IF box x 6-5/8" REG box 2 A
v 7 4-1/2" |F box x 4-1/2" REG box 2 1I&
Nz ey b (by—RAZ A7) 14-3/4" x 6-5/8" REG pin, soft formation (S type) 1 &l
MNa vk (by—RF A7) 14-3/4" x 6-5/8" REG pin, hard formation (H type) 1 1
Nz vy (by—2AZ2 A7) 12-1/4" x 6-5/8" REG pin, soft formation (S type) 1 1
Na e wh (hy—RAF A7) 9-7/8" x 6-5/8" REG pin, medium to hard formation (MH 2 &
type)
Nz ey k(A — A7) 12-1/4" x 6-5/8" REG pin, hard formation 2 &l
Tungsten carbide inserted
Nz ey k(A — A7) 9-7/8" x 6-5/8" REG pin, hard formation 2 &l
Tungsten carbide inserted
Nz ey k(A — A7) 8-1/2"x 4-1/2" REG pin, hard formation 2 &l
Tungsten carbide inserted
=TT 4-1/2" |F box x 4-1/2" REG box 2 &
DTH Ny ~—R5 ¢ 7-1/8 OD or more &l
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B4 R &=
DTH /> <=—Ewhk Button bit  9-7/8" 5 &
DTH »~>~—Evh Button bit  8-1/2" 5 &
DTH N ~—MTay s 77— 38— | Eiinr~—R T4l AT 528 2 &
DTH o ~—4figfl TR ERNR =R TSICHEETHTL 1 K
DTH N> ~—E Y T A5 — 1L AT 1 1
IR IREI AT 3
LAYk 14-3/4" x 6-5/8" REG pin R
JLAE Yk 12-1/4" x 6-5/8" REG pin 1 &
JLAE Y 9-7/8" x 6-5/8" REG pin 1 &
RART AL T ALYV 3-1/2" IF pin 1 &l
RART AL T TZT 4-1/2" IF pin 1 (&
NI T TV T For drill pipe 4-3/4" 1 i
NI T oL T For drill collar 6-3/4" 1 1
TLAIT U T For drill pipe 4-3/4" 1 &l
TLAIT U T For drill collar 6-3/4" 1 i
vyh7 L —h— for 14-3/4" tricone bit 1 il
BT L —h— for 12-1/4" tricone bit 1 i
Eyh 7L —h— for 9-7/8" tricone bit 1 1
Eyh 7L —h— for 8-1/2" tricone bit 1 i
== 12" x 5.5m 7
== 10" x 5.5m 7 A
=T IR — 6" I
I R — 4" R ]
= TN 12" 2 A
= TNV R 10" 2 A
= T IRUR 6" 2 A
VA VavAN 4 2 &
TAY =27 16mmx6mx4, 12mmx6mx2, 9mmx6mx2, Immx3mx2 1 =
T1tvh
~yRRCT YT A AR—A with foot valve 1 A
TeARIFH— 750liter 1 &
YRR 2.2kw, 3phase, 200V, 2" hose (Crystal) x 20m 1 =
<y RARy/— Hose 1-1/2-2" x 10m, High pressure 50kg/cm2 1 =
TR T 2" outlet, Suction hose with foot valve x 10m, Delivery 1 =)
hose 2" x20m
Ve /K LB ERR AT 1 =
R E RS 1EHe LA 1 =
Al FE A B 754 (60mA . 30mA, 200V x3) 1 =
A F T HAT — (22mm2)x10m
Profet-HRokz o 2m3 1 =
Profetemokz o 4m3 1 =
IR T (FEIR TR D) TEAREH AT 1 =)
THH LA 1 =
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No. FEA 4, A% o
RAT L F Bk 1200mm, 900mm, 600mm, 450mm T 1 vk 2 W
RFZA &k £ 1 =
R AL FEoh £HE 1 =
AT b - 1 K
AHFL v TFHoh £HE 1 =
Fr—r s 12",10",8" T1lt&vh 2 F2V
g~ ~— 5kg, 1kg 1 =
K HESR TEUe 4 1 &
TSR 300A Ll E 1 =
T AV R ez 7EF LU FEEN—R, 1 =
TART TG — 100mm (100V), E#57 1A~ 100mm, #F 5% F:50, Bk 1 A
JH:20
ExRiar ) N 300 kg
AP ARE T max 4-1/2" 1 118
TORNARS YT max 10-7/8" 1 &
3. mEavILyy—
B-3 BEa T Ly — A 6x4 XL 4x4 1 B
Ny T HARIT IS T DR K QYR O EE &4 B L
THRDDHZE,
7% B 25m3/min, ZEXJE 2.0MPa~2.41MPa
4. T7)7FARUVEKEERR#H
B-4-01 | =7U7MHaL 7L yH— 7 —VT7TA4 T arg ot — 1 1=
Z2 - H & 8.5m3/min UL
JE #2250 10kgf/em2 (1.0MPa) LA
FOMT 7 )——
B-4-02 | AkHE—F—KRT 52 200m T 4000/min 1 Y
A —7" )L 240m
BKE 2-1/2"x5.5m (High A~ ) 230m 57
aha— LRy 7 A
B-4-03 | =AEKEFHAIR i KAt & 800 U b4y Ll b 1 =
B-4-04 | /KNLE 300m 1 =
5. JL—Uk5vY
B-5 TL—r T 3hL—r 2 =
BRI EN 12 8
4x40r6x4
e E 6.5mLl
6. EEFIEHIBAY—ILR
B-6 ~ RN T Y I g R —A TMLTREE 4 x9m 1 &
DTH ~y=—RF ¢ 6-5/8" OD, 4-1/2" REG pin 1 &
Now—H T 4-1/2" REG box x 3-1/2" IF box 1 118
JLAE vk 12-1/4" x 6-5/8" REG pin 2 A
JLAE vk 9-5/8" x 6-5/8" REG pin 2 fi&
JLAE vk 8-1/2" x 6-5/8" REG pin 2 &
Fr—h Tk ST-3x2 A, ST-2x2 A&, ST3 AT F=—r1AT1E | 1 2V

vh




ZH

No. Hert 4 kR &
ATV F Bk 1200mmx1 900mmx1 600mmx1 450mmx2 1 =
300mmx2 T 1 &vh
UAY—R) T 16mmx6mx4, 12mmx6mx2, 9mmx6mx2, 9mmx3mx2 1 =W
T1lEvh
IRALEE 200m 1 A
XU R AR 10 t
CcMC 500 kg
R 7 ae L U RA 500 kg
Har P 1 A
KRR 150m head & 10 0/sdischarge, M:Hi 1 2-1/2", 6" 77 1 =
TR Y72 a0 R— A 50mmx9m, T U Y —rR— A 1 =
50mmx20m
BART AT TZT 4-1/2"1F box 1 1l
C. TEHIEEE
1. AIEHMBRVERRARM-Y—ILR
C-1-01 | T4—EBLFaray— I EHH: 0 - 6000rpm 1 =
C-1-02 | JANTAZ— H EHFEZ AT 1 A
C-1-03 | F—BrarFryiasrf— 0-7MPa 1 =
C-1-04 | NAT RN TV —)L FEUe S A 1 =
C-1-05 | "\ATUTH— a7 yi— B 1 4G : 50-180mm 1 A
RS/ SIVT ZAT T F ==~y R LT7
C-106 | /ST Ty/R— T VT Ty —[E ) 0.6MPa Ll | 1 =X
NURINVT T8 — R OBREEAIf &
C-1-07 | BAN YT ar Ty — £ 50-175mm LI | 1 A
C-1-08 | BANANL Y —)L £ 50-135mm LA I 1 B
C-1-:09 | 7o AR — AT LIV F £4 % 360 /i, H A% 40-280Nm 1 =
C-1-10 | =2V r A~y RARVNHEY vk &-fl 1 =
C-1-11 | YU H == FHifll&EPH: 50-150mm 1 =
C-1-12 | axrvarnayRT7I()— FH%EPE: 150-400mm 1 =
C-1-13 | X N—Fy AX—F LT EAER | B KT EE 1 =
il
C-1-14 | 7L —FTY—=F =L FEvh Lo TP 8,10 1 A
C-1-15 | TL—% 2TV T T4 — Hh « KB H ] 1 =
C-1-16 | 7L —FTA=2 T YRy i — Hp - R EE il 1 =
C-1-17 | 7 —FRIGLHF— #9350 - 600 mm 1 A
C-1-18 | T —F T —AX—TAH— 47— 20, 10, IMPa, 76cmHg 1 A
C-1-19 | TA—ENLRE—IA—F— SRS With necessary accessories 1 =
C-1-:20 | 7—r¥atk K BB 300A Lk 2 A
C-1-21 | VxyhUusviv— TG 1 =
2. IVRETIL
C-2-1 ATV yary R T =AM ET IV | PT R T EAT 1 1=
C-2-2 ~=a T VNI Ay Ay — v b | R, 5 BEUL B 1 =
a2
C2-3 | ATTUIRT =AY MET N —RE, T T URE=A VA TYAITV—=F KT | 1 A

LT L —F, Ty AT a &
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No. Hert 4 AR &
C-2-4 T —F /LT — T — i B ] 1 B
C-25 | T4AZTL—F—HyhET L — & L 1 A
C-2-6 RZLT L —F — By MET IV — A EL ] 1 B
C-2-7 MLoay R———F T )L — 5 B 1 1=
C-2-8 | ¥AYTITLHL N E ——TybET | R, T —F T — ¥ —H 1 B

V%
C-2-9 AB=H A I T AT 7L vl | ANARARENYZAT | A= h a7} 1 =
—AIvbETIL
C-2-10 | YeRIAX—RFv—T v ——Tvh | — Bl JEAFEL T—8n 1 A
T
C-211 | T4—BAT4—=RR T —hob®T | HESAT, To—B Lz P [ 1 &
V%
D. EXHMElE
1. BR-EFIIEAEM R URIER#HM
D-1-01 | DCE&—4—/DC ¥ =Rl —F—5%3¥ | DCE—4—:DCI00V, 2.2kW LI | DC V=R —F—: 1 A
eI DC100V, 2kW U I
D-1-02 | ACE—#—/DC VXL —&—5E | ACE—#—=4}H, 380V, 2.2kwW LI | 1 =
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