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2-2-4 Implementation Plan

2-2-4-1 Implementation Concept

(1) Basic Items

1) The Exchange of Notes (E/N) for the Grant Aid Project shall be concluded between
the Japanese Government and the Government of Kenya after the cabinet meeting
and decision by the Japanese Government.

2) With the E/N, Japan shall commit itself officially to assist and initiate specific
action.

3) After the above-mentioned conclusion, a consultant contract shall be concluded
between a consultant of Japanese nationality and the Government of Kenya and
detailed design and supervision services shall be started immediately.

(2) Detailed Design Stage

1) For the Detailed Design, full details of facilities and equipment in the Basic Design
should be carefully confirmed and discussed with the implementation agency.

2) The consultant shall discuss the technical issues through meetings with the relevant
authorities in Japan and Kenya during the detailed design stage.

3) The detailed design will probably require approximately 4 months to complete after
the agreement of the E/N.

(3) Tender

1) The tender for the construction of the facility and procurement and installation of
equipment shall be conducted in accordance with JICA guidelines.

2) The Contract shall be conducted either as one package with a Contractor or
classified in two packages with a Contractor to carry out the construction work and
a supplier for the procurement and installation of the equipment necessary for the
facility.

3) The Consultant will assist the implementation agency for the contracting of the
construction contract in accordance with the guidelines of JICA.

(4) Construction, Supply and Installation of Equipment

1) According to past Grant Aid projects and other similar projects in Kenya, most of
the building materials are locally available and considered to be acceptable in
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quality and supply.  Therefore, use of local building materials are preconditions for
cost reduction and easy maintenance.  As such, locally procured materials are
planned to be used for this project as much as possible.  However, ensuring and
improving quality is one of the most important items to be noted..

2) Also, for the planning of labour supply, the capability of local contractor and level
of skilled and semiskilled labourers are considered to be acceptable with necessary
quality control and supervision to them.  Since a Japanese contractor shall be the
prime contractor who can sufficiently supervise and manage local contractor and his
labourers, the quality required for the project should be maintained.

3) Schedule between facility construction and supply and installation of equipment
should be appropriately and technically coordinated.  In particular, since most of
specified equipment will be supplied from Japan or third countries, orders shall be
made considering the overall schedule.  Also transportation shall be well studied
and planned in order that the equipment can be delivered to site on a timely basis.

(5) Implementation Organization

The organizations involved in this project are as shown below:

1) The Ministry of Education, Science and Technology (MOEST) of the Government
of Kenya is ministry in charge for this project:

2) The African Institute for Capacity Development (AICAD) is responsible for the
execution of the project:

3) The Jomo Kenyatta University of Agriculture and Technology (JKUAT) is
responsible for the support of AICAD.

The following diagram shows the relationship between the Government of Kenya, the
Japanese Consultant and the Contractor.

MOEST
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(Government of Japan) (Government of Kenya)

Ministry of
Foregn Affairs

Japanese Consultant Japanese Contractor
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Notes (E/N)

JKUAT

Fig. 2-12 Implementation Organization
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2-2-4-2 Implementation Conditions

In the recent 4 or 5 years, Kenyan and Nairobi’s, Economic situation has been
deteriorating.  The state of inadequate servicing and maintenance of its social
foundation has become long term.  The situation with the construction industry is also
bad and there are many instances of construction companies going bankrupt and projects
being suspended.  Therefore, the lowering of construction execution precision and
workers’ skills is unavoidable.  The state of public peace and order is poor so adequate
control and maintenance of safety at construction sites is essential.

(1) Building Contractors

During our site surveys, we inspected JKUAT and other similar facilities and generally
we found them to be conspicuous for their low quality.  Cracks in floors and walls,
peeling mortar, leaks in ceilings and other situations of low quality were found is several
places.

With regard to contractors, some 2,000 companies are registered in the Ministry of
Public Works ranked in order of scale of work contracted, technical skills and other
factors.  In this project, facilities of a high quality are expected to be built within the
contracted period because the main contractor will be Japanese and will take
comprehensive control of production including giving full technical guidance and
supervision of local contractors and exercising complete quality control.

(2) Labour Survey

We believe if the local building contractors are high ranking ones with their head offices
in Nairobi, they will be able to supply many workers with a relatively high level of skills
in both the foundation and main structure building and the finishing work.  Also, the
technical guidance, construction management and the improvement of technical skills
that will be made possible by the condition that the prime contractor will be Japanese are
benefits to be gained without additional cost.

(3) Items to be Noted for Construction

Because this will be a construction project within the campus of JKUAT and also the
eastern southwest area of the premises lies near a residential area, the following
considerations must be given to the adjacent environment in the execution of the project.

1) Construction methods must be adopted that will have the minimum effect on the
existing JKUAT buildings, especially the library, dining hall, students’ dormitory,
and the AICAD office building which will be built in advance by Project Type
Technical Cooperation (PTTC), and to the neighboring houses, and noise reduction
measures must be taken during execution.
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2) A temporary roadway must be planned to make it possible to directly access the site
from outside the premises, and safety measures must be taken against the traffic of
material and equipment transporting and other construction vehicles.  Also,
consideration must be given to protecting the existing roads against damage and
repairing them, if by chance, they do get damaged.

3) At present, part of the premises is being used as a pathway for students, so safety
measures must be taken not to expose the students to any danger during the
construction work.

4) Japanese contractor will be the prime contractor in accordance with the Grant Aid
program and they will undertake the construction by subletting the works to the
local sub-contractor.  Local workers would normally be employed by the sub-
contractor and supervised.  Therefore, it is necessary to employ efficient
supervisors, provide suitable labour control and site supervision in order to achieve
construction effectively and minimize losses.  On the above condition, schedule
control should be done most carefully considering the effective arrangement of
workers.

5) As for construction planning, particular problems of the rainy season and effect on
existing facilities must be considered.  The earthworks, substructure and
superstructure works should be scheduled and completed during the dry season not
in the rainy season.

6) Kenyan laws, codes and standards, should be followed.  However, Japanese or
British standards are also to be applied considering the local situation.

7) The eastern graded area would be effective as a temporary yard for the site office,
material stock yard and workshop.  In this regard, it should be discussed and to be
agreed that the area can be used for such temporary yard.

8) This project differs from others in these points, together with the construction of
facilities of AICAD, it includes the renovation of the existing water and sewage
facilities of the JKUAT, and the procurement of IT and other equipment to JKUAT
and AICAD.  Therefore, close and detailed coordination of schedules is required
particularly between the facilities construction work and the period of installation of
the various equipment.

2-2-4-3 Scope of Works

The portions to be dealt with by the Japanese side and by the Government of Kenya for
the implementation of Japan’s Grant Aid Program are shown in Table 2-26.  The
project cost for the portions to be dealt with by the Kenyan side is as shown in
Appendix.
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Table 2-26  Extent of Works
Portions by the Japanese Side Portions by the Kenyan Side

1. AICAD Facility
(1) Building Works

Structure works, finishing works
(2) Electrical Works

Power trunk facilities, lighting, power outlets, P/A systems
(3) Utilities and Facilities

a) Water Supply
Construction works for the Water supply from the valve
at the water supply meter to the building and all the
related internal works for the water supply.

b) Sewerage System
Sewerage system including piping works up to the
connection manhole

c) Sanitation facilities (waste water treatment facility),
Elevated tank and reserve tank

d) Fire-extinguishing facilities
e) Electrical supply and transformer system

Cabling works from the high tension receiving panel in
the transformer room to the facilities.

f) Telecommunication system
Cabling works from MDF to the facilities, including
installation of conduit from the cross connection point
at the site boundary to MDF.  Installation of MDF,
PABX

g) Lightning Protection System
h) Lighting system in the site

(4) Exterior Work
Road, path and parking lots within the site

(5) Transformer Room, Electric Generator Room, Pump Room

(1) Site Preparation (Site Clearance, etc)
(2) External Works

Landscaping, planting, fence and approach road beyond the site
Renovation of the existing road around the site

(3) Utilities and Facilities
a) Water Supply

Construction of the piping works from the reservoir pond to the site of
AICAD

b) Sewerage
Piping works from the connection manhole in the site to the existing
sewerage line.

c) Storm Drainage
Drainage line from the site to the existing line including the expansion
work of the existing drainage line beside the existing building

d) Power Supply
Cabling works from the existing power supply point to the Transformer
room, the installation of receiving panel and connection works.

e) Telecommunication Work
Apply additional telephone line and connection of cable to MDF

f) Office furniture including curtain purchase and installation
(4) Application for the approval to the authorities
(5) Management, operation and maintenance cost for the new building and

facilities
(6) Tax exemptions and necessary preferential treatment for the construction staff

from Japan or a third country
(7) Smooth entry, re-entry and departure to/from Kenya for the Japanese technical

staff
(8) Any other construction works except portions by the Japanese side

2. JKUAT facilities (Civil work)
(1) Main construction

a) For water supply
- Construction of river improvement and water intake

facilities
- Construction of surge tanks
- Installation of bypass pipe
- Rehabilitation of storage pond
- Expansion of WPP
- Installation of pipe for AICAD till water meter at the

boundary of AICAD
b) For sewerage

- Rehabilitation of existing equipment
- Rehabilitation of wastewater treatment plant
- Construction of toxic waste storage yard
- Installation of sewers from the last manhole of

AICAD facilities until a main sewer.

(1) Land acquisition
a) Preparation of lands for a new water intake facilities at Ndarugu River, two

sites of one way surge tank and river improvement site
b) Preparation work of construction sites
c) Water supply for construction sites
d) Land acquisition of temporally road for construction
e) Installation of fences at 2 sites of one way surge tank

(2) Construction permission of river improvement and water intake facilities
(3) Expansion of water right
(4) Removing a part of obstacle fence around existing WPP and installation of

fence around a new expanded WPP
(5) Installation of power supply for expanded WPP
(6) Planting trees around a wastewater treatment plant
(7) Implementation of the EIA for the construction works of the sewerage facilities
(8) Application for the approval to the authorities
(9) Management, operation and maintenance cost for the new building and

facilities
(10) Tax exemptions and necessary preferential treatment for the construction staff

from Japan or a third country
(11) Smooth entry, re-entry and departure to/from Kenya for the Japanese

technical staff
(12) Any other construction works except portions by the Japanese side
(13) Establishment of Committee on water supply and sewerage system

3. Equipment
(1) Equipment for the activity of AICAD（ including the

equipment for JKUAT）
(2) IT Equipment（including the equipment for JKUAT）
(3) Vehicles
(4) Furniture
(5) Others

(1) Renovation of the existing JKUAT building for the installation of new
equipment

(2) Application for the approval to the authorities
(3) Management, operation and maintenance cost for the new building and

facilities
(4) Tax exemptions and necessary preferential treatment for the construction staff

from Japan or a third country
(5) Smooth entry, re-entry and departure to/from Kenya for the Japanese technical

staff
(6) Any other construction works except portions by the Japanese side

Note: water purification plant = WPP
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2-2-4-4 Consultant Supervision

The scope of the supervision works during the construction phase is as follows:

(1) Check and approval of the construction plans and drawings

Checking and approving of the construction plans, construction schedules, working
drawings, materials, samples, equipment lists, etc. submitted by the Contractor.

(2) Management of the construction schedule

Giving instructions to the contractor and reviewing the progress report submitted by the
Contractor in order to complete the construction work as scheduled.  In the event that
the construction work being carried out by the Government of Kenya is found to be
delayed, the Consultant may urge a faster schedule for the construction work.

(3) Quality control

Checking and giving approval for the quality of materials and construction works in
accordance with the specifications.  However, the materials which are imported from
Japan or other third countries will be checked by architects and engineers in the head
office or branch offices of the Consultant.

(4) Checking of the finished product

Checking the finished construction work and confirming the quantity.

(5) Assistance of payment and issuance of certificates

Assisting with the procedures of checking bills, etc., relating to the payment of
construction expenditure and issuance of certificates such as the certificate of practical
completion, the completion certificate, etc., if necessary.

(6) Check and submission of monthly progress reports

Checking and approving monthly progress, completion documents and photos of works
from the contractor and reporting the progress of the construction work to the
Government of Kenya and JICA.

The Consultant shall also prepare and submit to the Japanese Government the
completion report in accordance with the Grant Aid program guidelines.

(7) Others

Manage and coordinate the schedule and works in order to achieve smooth operation
with works executed by the Government of Kenya, if necessary.



2 - 94

2-2-4-5 Quality Control Plan

(1) Basic Policy

The Detailed Design Drawings should be developed based on the studies analyzed for
actual circumstances in Kenya, maintenance cost, detailed design for the local materials
and local construction methods.  The Specification should comply with the Kenyan
standards and codes to keep the quality of buildings, utilities and equipments based on
Kenya’s construction standards, and supplemented by Japanese Regulations, JIS, JASS
or British standards.

The construction plan, implementation schedule, shop-drawings which are to be
submitted by the Contractor during the construction period, should be examined and
approved by the Consultant.

(2) Quality Examination

The Consultant should examine the implementation plan submitted by the Contractor
prior to the commencement of each works, and approve it if the construction materials
and the execution of work conform to the Specification at the construction site.  The
Consultant should inspect necessary portions of work based on the implementation plan
and specification.

Unexpected inspections of the materials or the execution of work are essential, because
most of the construction materials are locally made.  The manufacturers’ warranty on
the products are not sufficient to keep the quality required in the specifications which
comply to Codes and Regulations related to developed nations mentioned above.

1) Earth Work

According to the soil investigation report which was made in the basic design study,
the geological features of the project site is stable.  However, the progress schedule
should be arranged to consider the rainy season in order to assure safety and time
schedule.

2) Reinforcing-bar Work

The Mill-Sheet showing rebar content is to be submitted by the Contractor and
should be confirmed by the Consultant.  The inspection is necessary to keep good
quality.  Also bar strength should be noted to match yield strength in the
specification to keep bar quality.
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3) Reinforced concrete Work

The batcher plant is to be installed on the construction site to make concrete.
Therefore, the quality control through supervision and inspection are essential.
The important items for the supervision are as follows:

a) Items to be inspected for concrete material

Material Item to be inspected Method of inspection
Cement Hydration Heat Dissolution Heat

Grading Sieve analysis
Absolute dry specific gravity Specific gravity & ration of water

absorption

Sand / Aggregate

Alkali reaction Alkali reaction test
Water Organic impurities Quality test of water

b) Items to be inspected for the mixing test

Item to be inspected Method of inspection
Estimate test for structural concrete Compression test machine
Slump Slump cone
Concrete humidity Hygrometer
Air volume Manometer
Chloride volume Measuring instrument for salt

c) Items to be inspected for the concrete placing

Item to be inspected Method of inspection
Time from mixing to completion of concrete
placing

Check for the time of completion of concrete
placing (one hr. or less)

Slump Slump cone
Concrete humidity Hygrometer
Air volume Manometer
Chloride volume Measuring instrument for salt

d) Items to be inspected in the progress schedule (Inspection for the accuracy of
concrete placing)

Item to be inspected Method of inspection
Estimate test for structural concrete Compression test machine
Accuracy for the openings of door & windows Measurement
Accuracy for horizontal level of concrete slab Spirit level & measurement
Status of Finishing Inspection by the eye
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2-2-4-6 Procurement Plan

(1) Procurement Plan for Building Construction

The division of procurement of construction materials is as shown in the following Table.
As can be seen, much of the materials can be obtained in Nairobi.  Also we believe that,
except for certain materials, there is no problem with respect to the quality and
production quantity.  For this reason, local procurement of material is made a
precondition, and the basic policy shall be the reduction of costs and the selection of
materials that will have the lowest maintenance costs.  With regard to local
procurement, based on Kenyan economic situation, we believe metal joinery,
waterproofing agents, miscellaneous hardware, paints, sanitary equipment, etc. have
tendencies to fluctuate in quality, cost, and deliveries and so would have the effect of
adding to construction costs.  Also, with regard to other secondary products, etc. liable
to large price fluctuations, it is necessary to consider procuring some of them from Japan
or third countries in order to heighten reliability by simplifying their control and unifying
standards with existing equipment from the aspects of quality, durability and
procurement delivery dates.  In particular, articles assumed for third country
procurement are window and door sashes, hardware, facility equipment/materials,
lighting fixtures, sanitary ware, and auxiliary piping and valves.

Procurement of materials used in this project is defined as shown in Table 2-27.
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Table 2-27  Procurement Situation of Construction Materials

Name of material Locally Produced From Japan From Third Country Remarks
Sand/Gravel ○

Cement ○

Bricks ○

Timber ○

Re-bar ○

Concrete Blocks ○

Tiles ○

Wood Fittings ○

Metal Fittings ○

Glass ○ ○

Waterproof Agent ○ ○

Sheeting Plywood ○

Roof Tile ○

Roofing Material ○

Plastic Tiles ○

Ceiling Board ○

Paint ○ ○

Miscellaneous Hardware ○ ○

Distribution Panel Board ○

Lighting Appliances ○ ○

Electric Cable/Conduit ○

Wiring Equipment ○

Control Panel ○

Emergency Generator ○ ○

Transformer ○ ○

Communication Appliance ○ ○

PVC pipes ○

Sanitary Fixtures ○

Elevated Reservoir Tank ○ ○

Pumps ○ ○

Air conditioner ○ ○

Fan ○

IT Fittings ○ ○

Table 2-28  Procurement Situation of Construction Equipment

Name of material Locally Produced From Japan From Third Country Remarks
Back hoe (0.6m3) ○ with breaker
Shovel loader ○

Dump truck (4t) ○

Truck (4t) ○ with boom
Vibrating roller ○

Rammer ○

Compactor ○

Concrete mixer (0.3m3) ○ tilting mixer
Re-bar cutter ○

Re-bar bender ○

Mortar mixer (0.3m3) ○

Concrete Block making machine ○

Water pump ○

Generator (35kVA) ○

Generator (2.2 kVA) ○

Engine welding machine ○

Crusher ○

Tank lorry ○

Temporary scaffolding ○

Concrete Dumper ○ for transporting on site
Batcher plant ○
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(2) Procurement plan for Equipment

Equipment procurement category for AICAD and JKUAT is shown in Table 2-29.

1) Local Procurement

Office equipment including photocopy machine and printing machine etc. and
computer including peripheral equipment are to be procured locally in consideration
of maintenance and follow up services.

Locally available equipment are not so abundant in categories and type, and are
deemed to be poor in performance and workmanship and very reluctant including
follow up services and quick delivery of spare parts for acceptance among teaching
staff in JKUAT.  Some special equipment are not in continuous production line, be
supplied in order and their firm’s financial status are suffering due to country’s
economic crisis and their total warrantee is also serious consideration for them.

In consideration of this situation, local procurement will be limited to general
experimental equipment, workshop tool equipment, glassware, reagents, stationary
and furniture etc. as shown in Table 2-29.

Table 2-29  Equipment Procurement Plan

No.
Equipment Category

Locally
Produced

From
Japan

From Third
Country

Remarks

1 Office Equipment ○

2 PC & Peripheral ○ ○

3 Experiment& Research Equipment ○ ○ ○ Previous Japanese Grant
4 Analytical Equipment ○ ○

5 General Experimental Equipment ○

6 Kit type Equipment ○

7 Workshop Tool ○ ○ ○

8 Library ○ ○

9 Audio Visual ○

10 Glass Ware ○

11 Reagents ○ Partly Japan
12 Stationary ○ ○

13 Appliances ○

15 Furniture ○
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2) Japanese Procurement

In general, there is no equipment for designation of Japanese product in
consideration of the nature of the Project, but there are favorable tendency for
Japanese product due to long time experiences of receiving of Japanese experts and
dispatching of teaching staff in JKUAT, and also, previous Japanese grant to
JKUAT.

Therefore, detail investigation and collection of information and catalogue for
targeted equipment in the market of Kenya is required for determination of
specification to avoid unreasonable procurement from Japan and be limited to only
several categories of equipment as shown in Table 2-30.

3) Third Country procurement

There are many European product are utilized in students experimental practice and
research in JKUAT for their historical reason, prevalence in cost and easy operation
nature with manuals services, therefore, many categories of equipment including
analytical equipment and personal computer etc. shown in Table 2-30 will be
naturally procured from third countries.

(3) Procurement Method

It is concluded that there is no limitation for country of origin and procurement from
Japan and third country will require additional one month period in custom clearance and
delivery time expeditation will be required for procurement from Kenyan product.

Regarding a custom clearance in Kenya, it is confirmed responsible agency is the
Ministry of Finance.

(4) Domestic Transportation Procedure

All equipment are shipped to Mombasa port, and custom clearance will be conducted
there.

Transportation from Mombasa port to JKUAT campus will be by track in 36 hours drive
because there is no bulky or heavy equipment.
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2-2-4-7 Implementation Schedule

The tentative implementation schedule for the Project is expected to be as shown in
Table 2-30.

Table 2-30  General Project Schedule
(month)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

E/N Contract

Detailed Design

Detailed Design

Approval

Tender Evaluation

(Building)

Local Works

Temporary Works, Earth Moving, Civil, 

Excavation and Foundation Works

Building Work

Utilities and Facility Works, Finishing Works

Construction External Works

 Execution

Inspection

(Water Supply & Sewerage Facility)

Temporary Works, Earth Moving, Civil, 

Excavation and Foundation Works

Structure Works

Utilities and Facility Works (including Piping Works)

Inspection 

Local Works

Manufacturing and Procurement

Equipment Packing and Transport

Procurement

Installation

Inspection 

Preparation

(Water Supply System) Technical Transfer

Soft Component

Preparation

(Sewerage System) Technical Transfer
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2-3 Obligations of Recipient Country

In case the project is implemented, Kenyan side will carry out the following scope of works,
and it has been confirmed that Kenyan side is agreed to execution of their scope of works
during the Basic Design Study.

(1) Procedure by the Kenyan Side

1) Land Acquisition

- As the construction site for AICAD is already obtained in the existing sports
ground of the JKUAT campus, it is not necessary for new land acquisition.
And the relocation of the sports ground will be the responsibility of JKUAT.  It
has been confirmed that the new sports ground will be located at the west side of
storage pond and east side of Faculty of Agriculture workshop during the Basic
Design Study.

However, the land acquisition is needed for construction of the new water intake
facilities which is located 10m downstream to the existing water intake facilities
along the Ndarugu River because the land is required for the water intake
facilities.  Besides, between the water intake facilities at Ndarugu River and
storage pond on campus, 2 One-way Surge Tanks are needed for countermeasure
of water hammer, the land acquisition for the One-way Surge Tanks is also
needed.

- Water intake facilities of water supply is located along Ndarugu River and
outside of JKUAT campus.  Under the regulation of Kenya, 10 m of riverbank
belongs to government-owned land.  As parts of the water intake facilities and
river improvement construction site for silt countermeasure belong to a
government-owned land, a possession permission of these land is necessary.
Besides, part of the water intake facilities land is belongs to private-owned land,
and land acquisition of this land is necessary.  Lands for the two surge tanks are
private owned land along a road and land acquisition of these land is necessary.
Those land acquisition and land/road possession permission shall be confirmed
before the construction work start.

- Although the sewage treatment facilities (oxidation pond) is located outside the
JKUAT campus, the land acquisition is not necessary because this land belongs
to the JKUAT.  However, the sewers between pump room in the campus to
oxidation pond lie underground under the road, the road possession permission
is necessary.  And during the construction period, a part of the road will be
affected by construction work.  The explanation negotiation to residents is
necessary.
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2) Tax Exemption

- Under the Grant Aid Scheme, the equipment and materials purchased for this
project shall be tax free.  Smooth custom clearance and to secure the
transportation within the country shall be well arranged.

- Based on the contract that was certified, the provided equipment and service,
and the Japanese who are involved in this project shall be exempt from custom
tariff, domestic tax and other financial taxes.

3) Convenience Provision

- Based on the certified contract, the convenience for entry and stay permit in
Kenya to the Japanese who will be involved in this project shall be provided.

4) Obtain Building Permits

- As AICAD is recognized as the institution under the direct control of MOEST,
the building planning shall be applied to the authority concerned so as to be
approved as the public facility.

- An application to receive electric power shall be submitted to KPLC with
necessary documents which indicates an estimated demand of power.  With an
instruction of KPLC, design approval of a transformer, and emergency generator
will be done.  There are two receiving electric power units for AICAD facilities
and on expanded water purification plant.

- An application to receive telecommunication system shall be submitted to the
Telephone Department with necessary documents and will indicate the number
of telephone lines needed.

- A planning notice for the construction of river improvement and water intake
facilities shall be submitted to Thika District Office of Ministry of Water
Resources that manages Ndarugu River.

- To submit construction notice related to piping works between the transfer pump
room and oxidation pond under the road.

- Notice shall be given to the adjacent residence that dredging work for sludge the
treatment plan will have odors that may be produce odors not be suitable for
nearby residences for the time of construction.

5) Increasing Water Rights

The current water rights (861m3/day) is not enough for drinking and irrigation
during the dry season, the application to increase water rights for 1,500m3/day to
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Ministry of Water Resources Thika District Office that manages Ndarugu River is
necessary.

All notices and applications shall be obtained prior to the construction work
implemented by Japanese Side.

6) Establishment of Committee on Water and Sewerage System

JKUAT shall establish the Committee on Water and Sewerage System to achieve
the proper operation, maintenance and management of water supply and sewerage
system.  The committee observes whether the operation and maintenance is
properly managed or not, based on the operation report prepared by the execution
organization, such as Estate Department and Farm Department.  If the committee
finds any faults, it shall make the counter measures and advise the execution
organization how to maintain and also secure the budget.  Under the committee,
Water Supply Sub-committee and Sewerage Sub-committee are established.

(2) Portions by Kenyan Side

1) Before Implementation

- Construct water supply pipe for construction work use.

- Construct cabling work for direct circuit telephone to construction work office.
These direct circuits are connected with MDF in the new facilities which are
constructed by Japanese Side after the construction work completion.

- Construct temporary road for construction work use.

- Remove the fence partially of the existing water purification plant which cause
difficulty, accompanied with an expansion construction scheme of the water
purification plant.

- Implementation of the E.I.A. and the related expenses for the construction works
of the sewerage facilities.

- Measures for upgrading the performance of wastewater treatment plant to higher
than approx. 80% of design value, if it is required.

2) During Implementation

- To construct a security fence for facilities of AICAD site (The necessary of the
fence shall be studied further by the Kenyan side).

- Landscaping and gardening of AICAD site.

- To purchase and install office furniture, curtain, carpet, etc of AICAD and
construct a security fence for water supply plant and two surge tanks.

- Planting trees which surround the sewage treatment plant.
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3) After Implementation

For the portions by the Kenyan side, as JKUAT have enough experiences of the
Grant Aid Project, and knowledges of the content and schedule of their portions to
ensure it is expected that it is expected that they will be during the implementation.

A budget for reallocated sports ground construction was supposed to be prepared
with a special budget by MOEST on a fiscal year 2000.  However, in order to
advance the construction according to a process schedule, it becomes a
presupposition, as a work by Kenyan side shall be carried out in accordance with the
original schedule.  The Basic Design Study Team has also explained this
importance.  It is necessary to monitor the progress about this matter by Japanese
side.

2-4 Project Operation Plan

2-4-1 Project Operation Plan

(1) Maintenance and Management Plan for Facilities

The plan of personal and budget for AICAD has been mentioned in Chapter 3.4 Project
Organization, this chapter mainly describe the maintenance and management plan for
facilities and equipment.  A personal plan for AICAD is shown in Table 3-5, Number
of Staff.  A principal staffs are expected to be selected from JKUAT, and a concrete list
is made for those selected personal.  The selected personal either present professor or
manager of JKUAT, under the Secretariat, it is included that consideration shall be given
during the formation of AICAD to consider every responsible person as the center.
Besides, the office management section is formed under head of AICAD, an exclusive
staff is distributed, and a plan is prepared for maintenance and management of future
AICAD all of which shall be smoothing formed.

Toward the personal plan for principal staff, 5 technical staffs and maintenance staffs for
equipment will be selected from now on, and without problems regarding the facilities
management.  In order for the staff to be able to have responsibility during maintenance
and management an activity for these facilities and equipment, an educational training is
needed.  For large-scale repair, it should be contracted with an outside contractor.

(2) Maintenance and Management Plan for Equipment

As AICAD was planned to be a center for IT training, for this reason, the high-tech
equipment with computer relationship and special repair is needed in the equipment that
are included in the request.  With AICAD, IT specialist, IT engineer will recruit, have
enough knowledge about equipment maintenance and management capability.  Then
can obtain supplies of equipment without any problem. They will also establish a
structure which may handle repair and maintenance.
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(3) Maintenance and Management Plan for Water Supply and Sewerage Facilities

Work items of operation and maintenance for water supply and sewerage facilities is
described in the following section 2-4-2 (2) and (3).  The Maintenance has not been
properly in times past and it is necessary to improve the management.  It has been
agreed to establish the Committee on Water and Sewerage System that supervise the
operation and maintenance in order to achieve the proper maintenance and management.
In the series of the project, technical transfer program would be also applied as soft
component in water supply and sewerage system, that assists to improve the maintenance
and the management.

2-4-2 Administration and O&M Cost

(1) Expenses Required for AICAD Facilities

The running cost (expenses for water, light and fuel) for the AICAD facilities are
calculated as follows:

1) Electricity Charge

a) For newly constructed facilities

The electricity charge system is as follows, according to the Electricity Supply
Code of the Power Public Corporation in Kenya:

Basic charge: 600Ksh/month
Power demand charge: 300Ksh/kw
Consumption charge: 5.16Ksh/kwh

On the basis of 420kVA of transformer capacity and 0.5 of demand rate, the
contract capacity for this facilities is estimated at some 200kVA.

Estimate of monthly power consumption:
Basic charge: 600Ksh/month = 600Ksh
Power demand charge: 200kw x 300Ksh/kw = 60,000Ksh
Consumption charge: 200kw x 720hours/month x 0.3 x 5.16Ksh/kwh

= 222,912Ksh
Total 283,512Ksh

Electricity charge: 283,512 + 40,920Ksh (VAT 18 ％ ) =
324,432Ksh/month

Annual charge
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Charge: 324,432Ksh/month x 12months/year = 3,893,184Ksh/year
= 3,900,000Ksh/year

= 49,587US$/year

Thus, the electricity charge for the newly constructed facilities is calculated to be
3,900,000Ksh/year = 49,587US$/year.

2) Water Supply and Sewerage Charge

The water supply charge for the AICAD is 879,000Ksh/year = 11,174US$/year as
stated in the Section (2) (O&M of JKUAT Water Supply Facilities).

The sewerage charge for the AICAD is 421,000Ksh/year = 5,355US$/year as stated
in the Section (3) (O&M JKUAT Sewerage Facilities).

Accordingly, the charge for water supply and sewerage for the new constructed
facilities is 1,300,000Ksh/year = 16,529US$/year.

3) Fuel Charge

The fuel for the private emergency generator is calculated hereunder.  The fuel
consumption for it is 47lit/hr.  Diesel light oil with the unit price of 43Ksh/lit is
used for the private emergency generator.  Under the assumption that the five (5)
hours power failure every week happens, the annual charge is:

47 lit/hr x 5hours x 52weeks/year x 43Ksh/lit = 525,460Ksh/year
≒550,000Ksh/year

= 6,993US$/year

Consequently, the fuel charge for the newly constructed facilities is
550,000Ksh/year = 6,993US$/year.

4) Telephone Charge

a) For newly constructed facilities

The telephone lines consisting of two (2) direct lines and three (3) relay lines
are installed for the AICAD facilities.

The telephone charge system of Telkom Kenya is:
short-distance call (0 ∼ 60km) 1.2Ksh/min
long-distance call (over 60km) 28.0Ksh/min

The following calls are assumed:
short-distance call (0 ∼ 60km) 800 min/month/line
long-distance call (over 60km) 140 min/month/line
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Annual telephone charge is calculated to be:

short-distance call 800 min/month/line x 1.2Ksh/min x 5lines x 12months =
57,600Ksh/year

long-distance call 140 min/month/line x 28.0Ksh/min x 5lines x 12month  =
235,200Ksh/year

57,600Ksh/year + 235,200Ksh/year + 52,704Ksh (VAT18%) = 345,504Ksh/year
≒350,000Ksh/year

= 4,450US$/year

Consequently, the telephone charge for the newly constructed facilities is
350,000Ksh/year = 4,450US$/year.

5) IT Charge

a) For the newly constructed facilities

The IT charge used for the AICAD consists of internet charge (128kbs) with
40,000Ksh/month and microwave charge with 16,000Ksh/month.

40,000Ksh/month + 16,000Ksh/month + 10,080Ksh (VAT)
= 66,080Ksh/month

Annual charge is:
66,080Ksh/month x 12months/year = 792,960Ksh/year

≒ 800,000Ksh/year
= 10,171US$/year

Consequently, the internet-related charge for the newly constructed facilities is:

800,000Ksh/year = 10,171US$/year ……a)

6) Total Light, Fuel and Other Cost

From the result of above mentioned calculation, the annual water, light and fuel cost
to be expected after this project is shown in Table 2-31.

Table 2-31  Water, Light and Fuel Cost

Items Amounts (Ksh/year) Amounts (US$/year)
Electricity charge 3,900,000 49,587
Water supply and sewerage charge 1,300,000 16,529
Fuel cost 550,000 6,993
Telephone charge 350,000 4,450
IT charge 800,000 10,172

Total 6,900,000 87,730



2 - 108

Thus, the budget of some 6,900,000Ksh/year (87,730US$/year) for water, fuel and
light expense are required.  This amount is almost equivalent to 11.2% of the total
budget (56,013,914Ksh) for the fiscal 2003 at the completion year of this project
and is regarded as non-problematic expense.

(2) O&M of JKUAT Water Supply Facilities

1) O&M Scheme

The items for O&M of water supply facilities are shown below:

a) O&M for intake facilities and storage pond:  daily

b) O&M for water purification plant:  daily

c) O&M of storage reservoir for emergency:
when flooding occurs, every six months

d) Inspection of pumps and electrical/instrumental equipment:
weekly, monthly, every six months, yearly

e) Repair and replacement: when needed

A total of twelve (12) exclusive operators are required for the above-mentioned
O&M.  They consist of one (1) senior technician for administration of the whole
water supply facilities, seven (7) technicians (24 hours assignment) for the
management of purification plant and water reservoir, and one (1) craftsman for the
management of other facilities and pipings from Estate Department.  From Farm
Department one (1) senior technician and two (2) craftsmen are required for the
operation and maintenance of intake facilities and storage pond.  Large-scale repair
and replacement works will take place, mobilizing other operators besides the nine
(9) mentioned above.

2) O&M Cost

The O&M cost of water supply facilities is shown below.  The allocation of the
O&M cost between the JKUAT and the AICAD is done in proportion to the
respective supplied water amount.

Imposed on the AICAD:
Supplied amount for the AICAD / Total supplied amount = 36/744 = 5.0 %

Imposed on the JKUAT:
Supplied amount for the JKUAT / Total supplied amount = 708/744 = 95.0 %

The summary of the O&M cost is show in Table 2-32 and its details are described as
follows:
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Table 2-32  O&M cost and Water Supply Facilities

Items Amounts (Ksh/year) Amount (US$/year) Remarks
Electricity charge 3,552,000 45,162
O&M man-hour expense 3,525,000 44,819
Repair expense 10,000,000 127,145 2％ of construction cost
Chemical expense 500,000 6,357
Total 17,577,000 223,483

For AICAD 879,000 11,174 5.0%
For JKUAT 16,698 212,309 95.0%

a) Electricity charge

The electricity charge is calculated by using expedient method under the
assumption of the unit price 6.0Ksh/kwh.

i) Intake pump for Ndarugu River

37kw x 2units x 4hours/day x 365days x 6.0Ksh/kwh x 1.2 Evaporation at
pond x 1.1 WPP work x 0.8 operating rate = 685,000ksh/year

Running hour = 990m3/day / (4.4m3/min x 60min) = 4hr

ii) Intake pump for reservoir

(5.5kw + 3.7kw) x 24hours/day x 365days x 6.0Ksh/kwh x 0.8 operating
rate = 387,000ksh/year

iii) Water purification plant

(17.8kw+28.1kw) x 0.8 loading rate x 24hours/day x 365days x
6.0Ksh/kwh x 0.8 operating rate = 1,544,000Ksh/year

iv) Water distribution pump

(18.5kw x 11.8hours/day+5.5kw x 1.2hours/day) x 365days x
6.0ksh/kwh x 0.8 operating rate = 394,000Ksh/year

Running hours of the JKUAT = 708m3/day / (1.0m3/min x 60min) = 11.8hr

Running hours of the AICAD = 36m3/day / (0.5m3/min x 60min) = 1.2hr

Total electricity charge: 3,010,000Ksh/year x 1.18 (VAT 18%)
= 3,552,000Ksh/year
= 45,162US$/year

b) Man-hour expense for O&M

No. of
staff

Unit salary rate
(Ksh/year/person)

Amount
(Ksh/year)

Amount
(US$/year)

Senior Technician 2 375,000 750,000 9,536
Technician 7 300,000 2,100,000 26,701
Craftsman 3 225,000 675,000 8,582
Total 12 3,525,000 44,819
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c) Repair expenses (expenses for consumables, repair and replacement of damaged
or breakdown goods, etc.)

The construction cost including that of the existing water supply facilities is
assumed to be 500,000,000Ksh.

500,000,000Ksh construction cost x 2% = 10,000,000Ksh/year
= 127,145US$//year

d) Chemical expense

The chemical expense is calculated as follows, based on the operation record of
the existing water supply facilities:

Chemicals Unit prices
(Ksh/kg)

Dosing rates
(mg/L)

Consumption
(kg/day)

Amounts
(Ksh/year)

Aluminum Sulphate 30 30 30 328,500
Bleaching powder 70 3 3 76,650
Soda ash 25 10 10 91,250
Total 496,400

500,000Ksh/year
=  6,357US$/year

(3) Expenses Required for JKUAT Sewerage Facilities

1) O&M Scheme

The O&M items for the sewerage facilities including the collection and storage of
laboratory waste are as follows:

a) Operation and maintenance: daily

b) Transportation and storage of laboratory waste:  when necessary

c) Inspection of pumps, electrical and instrumental equipment:
weekly, monthly, every six month

d) Repair and replacement: when necessary

e) Dredging of oxidation ponds: every three to five years

A total of four (4) operators (one chief operator and three technicians) exclusively
engaged in the sewerage facilities are required for the O&M mentioned above.
The staffs to be mobilized besides the regular operators conduct repair and
replacement works, as the need arises.
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2) O&M Cost

The O&M cost of sewerage facilities is shown below.  The allocation of the O&M
cost between the JKUAT and the AICAD is done in proportion to the respective
supplied water amount.

Imposed on the AICAD:
Supplied amount for the AICAD/Total supplied amount = 36/744 = 5.0 %

Imposed on the JKUAT:
Supplied amount for the JKUAT/Total supplied amount = 708/744 = 95.0 %

The summary of the O&M cost for sewerage facilities is shown in Table 3-33.

Table 3-33  O&M Cost of Sewerage Facilities

Items Amount (Ksh/year) Amount (US$/year) Remarks
Electricity Charge 373,000 4,743
Man-hour cost for O&M 1,050,000 13,350
Repair Cost 7,000,000 89,002 2% of total construction cost
Total 8,423,000 107,095

For AICAD 421,000 5,355 5.0%
For JKUAT 8,002,000 101,740 95.0%

Detail calculations are described below:

a) Electricity charge

The electricity charge is calculated by using expedient method under the
assumption of the unit price 6.0Ksh/kwh.

i) Transfer pumps: 11 kw x 0.8 loading rate x 2 units x 6 hours/day x 365
days x 0.8 operating rate = 30,835 kwh/year

ii) Relay pumps: (3.7 + 0.75 + 0.75) kw x 0.8 loading rate x 3 units x 6
hours/day x 365 days x 0.8 operating rate = 21,865 kwh/year

Total electricity charge: (30,835 + 21,865) x 6.0Ksh/kwh x 18 % VAT
= 373,000Ksh/year
= 4,743US$/year

b) Man-hour cost for O&M

No. of
staff

Unit salary rate
(Ksh/year/person)

Amount
(Ksh/year)

Amount
(US$/year)

Senior Technician 1 375,000 375,000 4,768
Craftsman 3 225,000 675,000 8,582
Total 4 1,050,000 13,350
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c) Repair expenses (expenses for consumables, repair and replacement of damaged
or breakdown goods, etc.)

The total construction of sewerage facilities including the existing facilities is
assumed to be 350,000,000Ksh.

350,000,000Ksh construction cost x 2 % = 7,000,000Ksh/year

= 79,002 US$/year

2-5 Scheme of Soft Components

(1) Operation and Maintenance for Water Supply

1) Background

Water supply facilities are essential facilities for activities in JKUAT and will affect
the residents of students, staff and the family.  The existing water supply facilities
have been constructed mainly in the 3 phases by Japanese Grant Aid Projects.
Rehabilitation, improvement and extension of the existing water supply facilities
are to be planned with new installation of water supply facilities for AICAD
facilities in the implementation of the AICAD Project.

Although the technology and the know-how are required for the proper function of
water supply facilities, they have been not matured in Kenya yet.  Because of this,
the existing water supply facilities in the JKUAT have not been adequate to exert its
functions to satisfactory expectation.  Considering this situation, it is concluded
that the technology direction on the Japanese Side for the operation and
maintenance of water supply facilities is needed.

2) Purpose

Purpose of the soft component is to educate and train the operation and maintenance
technology and the management of the water supply system to the JKUAT staff.

3) Activities

It is necessary to fortify organizations for an achievement of the proper operation
and maintenance on water supply system, although there are organizations to
implement the operation and maintenance, and committee on water and sewerage in
JKUAT at present.  It is agreed to establish a committee and organization to
supervise, operate and maintain as follows.  During fieldwork of the soft
components in JKUAT, management of the committee shall be confirmed whether
it works properly or not.  If it does not work properly, the committee shall be
improved with necessary advises.



2 - 113

Supervising Organization

Name: Committee on Water and Sewerage System

Role: It supervises the operation and maintenance of water supply system
whether it is conducted appropriately or not.  The committee meets twice a year
and records of the operation and maintenance are checked.  If any problems are
found, the committee advises counter measures to the execution organization.  The
committee shall also meet when the execution organization requests to hold the
meeting because of problems that have occurred.  Under the committee, Water
Supply Sub-Committee and Sewerage Sub-committee are established.  They are
held every two month and they supervise each operation and maintenance in detail.

Member: Deputy Vice (Administration, Planning and Development - APD),
Registrar Water Expert, Public Health Officer, representative of AICAD and
Department of Water Resources in Ministry of Environment and Natural Resources

Execution Organization

Name: Estate department and farm department

Role: They operate water supply facilities every day and maintain the facilities
periodically, and they record readings of flow meters, water qualities and daily and
periodical work, and they store the records.  They submit the records to the water
committee.  If any problems happen, they request the water committee to solve
them.

Member: Staff in charge of water supply in estate department and staff in charge of
intake facilities in the farm department

Six activities of the soft component are shown in Table 2-34, including the
establishment of the organizations and the technical transfer on how to operate and
maintain the facilities.
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Table 2-34  Activities of Soft Component

Item Activities Records
a) Establishment of organization Establishment of observation team and

implementation team
No. of staff, minutes of water
committee meetings

b) Training and handling ways of
chemicals

Handling ways of chlorine agent, coagulant
and alkali agent

Stored amount, consumed
amount, purchase day, the
amount and the cost

c) Training management of water
quality

Jar test, item and frequency of water
quality test

Result of water quality at
intake and treated water

d) Training of operation and
maintenance on water supply
facilities

4.1 Water purification plant (WPP)
filter: cleaning and replacement of sand
4.2 Intake, conveyance and supply
facilities (Intake and others)
Maintenance of Pumps, surge tanks, pumps

4.1 WPP
Number of backwash per day.
4.2 Intake and others
Amount of water taken at
river and pond, and supply
Condition of pumps, surge
tanks and generator
Amount of fuel for generator,
duration of power failure

e) Publicity of saving water and
training of leakage detection

Publicity for saving water, and leakage
detection and repairing

Result of leakage detection
survey

f) Training for abnormal
problems

Counter measures for out break of water
bloom and siltation

Progress of the out break of
water bloom and measures

The Kenyan side bears the man-power expense for the attendees from the Kenyan
side and its related expenses by itself.

4) Schedule

Technology transfer will be conducted for 1.8 months at JKUAT after the
completion of renovation on the water supply facilities in the AICAD Project.
Preparation for the training will be conducted for 0.2 month in Japan before the
technology transfer in JKUAT.  Major schedule is described below,

1) Preparation of the training (in Japan)

Programs of the training, review of manual and draft record forms will be
prepared in Japan prior to the training in JKUAT.

2）Explanation and discussion on the plan of the soft component (in JKUAT)

Explanation and discussion will be held regarding how to proceed the training,
contents of training items, schedule, training sites, trainees and burdens
undertaken by Kenyan side.

3) Lecture (in JKUAT)

Lectures will be given to trainees regarding the following:
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3.1) Management for water purification plant (WPP)

i) Handling ways of chemicals, ii) management of water quality,
iii)operation and maintenance of WPP

3.2) Operation and maintenance of water supply facilities

i) Operation and maintenance of Ndarugu River water intake facilities,
one-way surge tanks, facilities of storage pond and pipe, ii) publicity of
saving water and leakage detection, iii) counter measures for abnormal
problems.

4) Practical training at field sites (in JKUAT)

Based on the lectures, practical training will be held for the operation and
maintenance of the water supply facilities.  Procedure on record of reading
meters and record of daily and periodical operation and maintenance work will
be also thought at training.

5) Report to JKUAT (in JKUAT)

Final report will be prepared describing the schedule, contents of training,
outcomes, and expected problems in the future, and the final report will be
submitted to JKUAT and JICA Kenya Office.

(2) Operation and Maintenance of Sewerage Facilities

1) Background

Although the technology and the know-how are required for the proper function of
sewerage facilities, they have been not matured in Kenya yet.  Because of this, the
existing sewerage facilities in the JKUAT have not exerted its functions to the
extent of satisfaction.  Considering these situations, it is concluded that the
technology transfer/direction of the Japanese Side on the operation and maintenance
(O&M) of sewerage facilities (including separate collection of laboratory
wastewater) is needed.

2) Target

The target of this soft component is to carry out the proper O&M in the JKUAT
sewerage facilities including the collection system for laboratory wastewater and
then to materialize stable basic infrastructure to support the operation of the JKUAT
and the AICAD
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3) Outcome

By the implementation of the soft component, the proper O&M becomes
substantiated and the JKUAT sewerage facilities will be able to exert its
performance and function.  Expected specific outcomes are:

a) The organization of management and execution for the JKUAT sewerage
facilities functions properly,

b) The planned treatment performance of the wastewater plant is attained by the
proper operation and management,

c) The functions of respective facilities are exerted as planned as the result of the
proper maintenance and inspection,

d) The intrusion of toxic chemicals to sewage and the discharge of them into the
outside are avoided by the separate collection and storage of laboratory
wastewater,

e) Possible abnormal or emergency state in the sewerage facilities can be dealt
promptly and properly.

4) Activities

4)-1 Organization for O&M

The following organizational structure consisting of the "Sewerage Sub-
Committee" as a supervisory body and the execution units is agreed to establish in
order to conduct proper O&M.  During fieldwork of the soft components in
JKUAT, management of the committee shall be confirmed whether it works
properly or not.  If it does not work properly, the committee shall be improved
with necessary advises.

The Sewerage Sub-Committee:  This is chaired by the Vice Chancellor and
attended by representatives of administrative department and faculties, and experts
specializing in the field of environmental sanitation.  This supervises the O&M
of the sewerage facilities including the collection of laboratory wastewater from
the viewpoint of managerial and technical aspect, having periodical meetings and
urgent ones when necessary.  The Sewerage Sub-Committee studies
countermeasures if the problems arise, and conveys them to the Estate Department.
This Sub-Committee consists of the Sewerage Sector for sewerage facilities and
the Laboratory Wastewater Sector for collection of laboratory wastewater.

Execution Organization of Sewerage Facilities:  The Estate Department is
engaged in the O&M of sewerage facilities including the operation and
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management, and maintenance and inspection of all facilities (sewage pipes,
pumps and wastewater treatment plant), as done presently.  The storage of
laboratory wastewater transported to the toxic waste storage yard is conducted by
the Estate Department, also.  A total of four (4) persons including one (1) chief
operator and three (3) technicians are assigned exclusively for the O&M of
sewerage facilities.  The Estate department periodically submits the reports
carrying the results of the O&M to the Sewerage Sub-Committee.

Execution Organization of Collection and Transportation of Laboratory
Wastewater:  Designated toxic handling persons of each laboratory of facilities
are responsible for the collection of laboratory wastewater and the transportation
of it to the storage yard.

4)-2 Technology Transfer/Direction Items

The items for technology transfer/direction include general knowledge and special
technological matters necessary for the proper O&M of sewerage facilities, and
also included practical matters like the record-making of the O&M service.  To
be more specific, the following items are enumerated:

Operation and Management:  The frequency, procedure, and record-making
regarding the operation and management for sewerage, and also the knowledge
necessary for the measure against the abnormal situation are the items for the
transfer/direction.

a) Water quality control for the oxidation ponds,

b) Management and disposal of sludge deposited in the oxidation ponds,

c) Operation and management methods of component facilities,

d) General principle of wastewater treatment process,

e) General characteristics of toxic chemicals and relevant knowledge, and

f) Countermeasure against abnormal or emergency status.

Maintenance and Inspection:  The frequency, significance and record-making
regarding the items for maintenance and inspection of component facilities such as
mechanical, electrical and instrumental equipment are the items for the
transfer/direction.
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4)-3 Participants in Technology Transfer/Direction

The participants in the Technology Transfer/Direction are members of the
Sewerage Sub-Committee and the Estate Department, and Toxic Waste Handling
Persons.

5) Time Schedule of Technology Transfer/Direction

The technology transfer/direction takes place at the JKUAT, immediately after the
completion of construction works for the AICAD Project.

The Kenyan Side bears the man-hour expenses for the attendees from the Kenyan
Side and its related expenses by themselves.
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CHAPTER 3 PROJECT EVALUATION AND RECOMMENDATIONS

3-1 Project Effect

In this project, new AICAD facilities will be constructed and the necessary equipment will be
procured in order to train various talented people for the purpose of poverty alleviation in
Africa.  By carrying out joint research of the various themes concerned with poverty
alleviation, various conditions should be improved and the community of African countries
will realize sustainable development.  The poverty in the Republic of Kenya and other
African countries will be reduced, and it is thought that this will lead to development of the
society.

(1) Effect

The following effects are expected by implementation of this project.

1) Direct Effect

① Research and Development

Capacity development can be supported by cooperation between parties
concerned, such as communities, NGOs, public institutions, universities, and
the private sector, combining research and development effectively, using as the
main theme an improvement of the development.

② Training and Extension

Aiming at improvement of various fields which are common in many African
countries, such as agricultural development, small company promotion, poverty
alleviation and environmental improvement, Training and Extension would
provide support to a community so that it can realize sustainable development.

③ Information

In order that the above-mentioned Research and Development and Training and
Extension may be implemented effectively and efficiently, information
technology is utilized to collect, accumulate and processes the results of joint
research. Therefore, improvement in communication between the parties
concerned can be achieved.
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2) Indirect Effect

① Promotion of the network between universities

Joint research between the 8 related universities (JKUAT, Nairobi University,
Egerton University, Kenyatta University, Moi University, Dar es-Salaam
University, Sokoine University of Agricultural, Makerere University) will be
promoted, and scientific research will be improved by accumulation and sharing
of scientific information.

② Activation of Talented person exchange and information sharing

By carrying out the activities of "Research and Development", "Training and
Extension" and “Information", AICAD functions as a core-institution in the
East African Network for Information and Human Resources, and exchange of
scientific information, expertise, etc., will be promoted.

③ Retention of human resources

African countries have common problems in many fields, and also lack well-
educated people.  For this reason, it is necessary to share the limited human
resources available.  Moreover, since less than 1% of people in East African
countries are university educated, expansion of university education is essential.
In addition, when a university is deeply concerned by the poverty mitigation
program, such as the training offered by AICAD, these trained persons can be
retained and the loss of trained human resources can be prevented.
Consequently, retention of well-educated people needed for promoting business
activities is achieved.

④ Activation of local cooperation

In terms of globalization, it will function as a core-organization in East Africa’s
information and human resource exchange network. The long term drive
towards sustainable development should be strengthened, using the approach
such as "Local cooperation and integration".

3-2 Collaboration with Other Donors

The World Bank, USAID and other donors have been involved in university education in
Kenya.  It is necessary to consider cooperation with those donors.  There is no
duplication between each individual donor at the moment.  However, it is required to
understand details of their activities.



3 - 3

3-3 Recommendations

As mentioned above, there are many positive effects expected to be realized due to this
project.  However, there are some actions the government of Kenya must undertake in
order to obtain greater outputs from the project.

1) Future Activity Program

AICAD is an independent institute under the management of MOEST.  In order to
expedite effectively the activities of AICAD, it is necessary to make an operation
plan to strengthen the relationship with other concerned organizations.

2) Establishment of Operation and Maintenance System

The general operation and maintenance of AICAD and JKUAT and the integration
of these must be thought out carefully.  AICAD must prepare the details of their
activities, such as Research and Development, Training and Extension, Information
and secure staff for each activity.  Also, details of the computer network for
information exchange and a review of other related organizations are necessary.
Other details are to be examined so as to successfully operate AICAD.

For effective operation and maintenance of the new facilities and equipment,
AICAD staff should receive instruction from the equipment suppliers after
installation is completed.  Establishment of the operation and maintenance system
by those who are responsible is strongly required.

3) Secure Funding for Operation and Maintenance

As shown in previous sections, finance of AICAD greatly depends on the
government funds.  The operation and maintenance of facilities and equipment has
a big effect on the execution of activity of AICAD.  Therefore, AICAD and
MOEST should ensure sufficient budget for the operation and maintenance of the
facilities and equipment each year.

4) Effective construction work done by Kenyan side

It is important that construction work of the Kenyan side is smoothly implemented
with special budget allocations.  In addition, necessary furniture and other facilities
that are out of scope of the project, need to be prepared by the Kenyan side in
accordance with the implementation of the project.
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CHAPTER 4 ROUGH ESTIMATE OF PROJECT

4-1 Administration and O&M Cost

(1) Expenses Required for AICAD Facilities

The running cost (expenses for water, light and fuel) for the AICAD facilities are
calculated as follows:

1) Electricity Charge

① For newly constructed facilities

The electricity charge system is as follows, according to the Electricity Supply
Code of the Power Public Corporation in Kenya:

Basic charge : 600Ksh/month

Power demand charge : 300Ksh/kw

Consumption charge : 5.16Ksh/kwh

On the basis of 420kVA of transformer capacity and 0.5 of demand rate, the
contract capacity for this facilities is estimated at some 200kw.

Estimate of monthly power consumption:

Basic charge : 600Ksh/month = 600Ksh

Power demand charge : 200kw x 300Ksh/kw = 60,000Ksh

Consumption charge : 200kw x 720hours/month x 0.3 x 5.16Ksh/kwh

= 222,912Ksh

Total 283,512Ksh

Electricity charge:283,512 + 40,920Ksh (VAT 18％) = 324,432Ksh/month

Annual charge

Charge: 324,432Ksh/month x 12months/year = 3,893,184Ksh/year

≒ 3,900,000Ksh/year

= 49,586.78US$/year

Thus, the electricity charge for the newly constructed facilities is calculated to be

3,900,000Ksh/year = 49,586.78US$/year.
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2) Water Supply and Sewerage Charge

The water supply charge for the AICAD is 1,173,000Ksh/year as stated in the
Section (2) (O&M of JKUAT Water Supply Facilities).

The sewerage charge for the AICAD is 523,000Ksh/year as stated in the Section (3)
(O&M JKUAT Sewerage Facilities).

Accordingly, the charge for water supply and sewerage for the new constructed
facilities is 1,700,000Ksh/year = 21,614.75US$/year.

3) Fuel Charge

The fuel for the private emergency generator is calculated hereunder.  The fuel
consumption for it is 47lit/hr.  Diesel light oil with the unit price of 43Ksh/lit is
used for the private emergency generator.  Under the assumption that the five (5)
hours power failure every week happens, the annual charge is:

47 lit/hr x 5hours x 52weeks/year x 43Ksh/lit = 525,460Ksh/year
≒ 550,000Ksh/year
= 6,993.01US$/year

Consequently, the fuel charge for the newly constructed facilities is
550,000Ksh/year = 6,993.01US$/year.

4) Telephone Charge

① For newly constructed facilities

The telephone lines consisting of two (2) direct lines and three (3) relay lines
are installed for the AICAD facilities.

The telephone charge system of Telkom Kenya is:

short-distance call (0～60km) 1.2Ksh/min

long-distance call (over 60km) 28.0Ksh/min

The following calls are assumed:

short-distance call (0～60km) 800min/month/line

long-distance call (over 60km) 140min/month/line

Annual telephone charge is calculated to be:

short-distance call 800 min/month/line x 1.2Ksh/min x 5lines x 12months =
57,600Ksh/year

long-distance call 140 min/month/line x 28.0Ksh/min x 5lines x 12month =
235,200Ksh/year
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57,600Ksh/year + 235,200Ksh/year + 52,704Ksh (VAT18 %)
= 345,504Ksh/year
≒350,000Ksh/year
= 4,450.10US$/year

Consequently, the telephone charge for the newly constructed facilities is
350,000Ksh/year = 4,450.10US$/year.

5) IT Charge

① For the newly constructed facilities

The IT charge used for the AICAD consists of internet charge (128kbs) with
40,000Ksh/month and microwave charge with 16,000Ksh/month.

40,000Ksh/month + 16,000Ksh/month + 10,080Ksh (VAT) = 66,080Ksh/month

Annual charge is:
66,080Ksh/month x 12months/year = 792,960Ksh/year

≒800,000Ksh/year
=10,171.65US$/year

Consequently, the internet-related charge for the newly constructed facilities is:

800,000Ksh/year = 10,171.65US$/year....①

6) Total Light, Fuel and Other Cost

From the result of above mentioned calculation, the annual water, light and fuel cost
to be expected after this project is shown in Table 5-1.

Table 4-1 Water, Light and Fuel Cost

Items Amounts (Ksh/year) Remarks

Electricity charge 3,900,000Ksh/year

Water supply and sewerage charge 1,700,000Ksh/year

Fuel cost 550,000Ksh/year

Telephone charge 350,000Ksh/year

ITcharge 800,000Ksh/year

Total 7,300,000Ksh/year

Thus, the budget of some 7,300,000Ksh/year (92,816.28US$/year) for water, fuel
and light expense are required.  This amount is almost equivalent to 13.03% of the
total budget (56,013,914Ksh) for the fisical 2003 at the completion year of this
project and is regarded as non-problematic expense.
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(2) O&M of JKUAT Water Supply Facilities

1) O&M Scheme

The items for O&M of water supply facilities are shown below:

① O&M for water purification plant: daily

② Use of storage reservoir for emergency: when water-bloom occurs, every six
months

③ Inspection of pumps and electrical/instrumental equipment:
weekly, monthly, every six months,
yearly

④ Repair and replacement: when needed

A total of nine (9) exclusive operators are required for the above-mentioned O&M.
They consist of a chief for administration of the whole water supply facilities, seven
(7) operators (24 hours assignment) for the management of purification plant and
water reservoir, and one (1) operator for the management of other facilities and
pipings. Large-scale repair and replacement works will take place, mobilizing other
operators besides the nine (9) mentioned above.

2) O&M Cost

The O&M cost of water supply facilities is shown below.  The allocation of the
O&M cost between the JKUAT and the AICAD is done in proportion to the
respective supplied water amount.

Imposed on the AICAD : Supplied amount for the AICAD/Total supplied amount
= 36/744 = 5.0 %

Imposed on the JKUAT : Supplied amount for the JKUAT/Total supplied amount
= 708/744 = 95.0 %

The summary of the O&M cost is show in table and its details are described as
follows:

Items Amounts Remarks
Electricity charge 4,860,000Ksh/year
O&M man-hour expense 8,100,000Ksh/year
Repair expense 10,000,000Ksh/year 2% of construction cost
Chemical expense 500,000Ksh/year
Total 23,460,000Ksh/year
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O&M cost for the AICAD : 1,173,000Ksh/year = 14,914US$/year
O&M cost for the JKUAT : 22,287,000Ksh/year = 283,369US$/year

① Electricity charge

The electricity charge is calculated by using expedient method under the
assumption of the unit price 6.0Ksh/kwh.

i) Intake pump for Ndarugu River

37kw x 2units x 4hours/day x 365days x 6.0Ksh/kwh = 648,000ksh/year

Running hour = 990m3/day / (4.4m3/min x 60min) = 4hr

ii) Intake pump for reservoir

(5.5kw + 3.7kw) x 24hours/day x 365days x 6.0Ksh/kwh = 484,000ksh/year

iii) Water purification plant

(17.8kw + 28.1kw) x 0.8 loading rate x 24hours/day x 365days x 6.0Ksh/kwh
= 1,930,000Ksh/year

iv) Water distribution pump

(18.5kw x 2 x 12.9hours/day + 5.5kw x 1.2hours/day) x 365日 x 6.0ksh/kwh
= 1,060,000Ksh/year

Running hours of the JKUAT = 776m3/day/(1.0m3/min x 60min)
= 12.9hr

Running hours of the AICAD = 36m3/day/(0.5m3/min x 60min)
= 1.2hr

Total electricity charge : 4,122,000Ksh/year x 1.18 (VAT 18%)
= 4,860,000Ksh/year
= 61,793US$/year

② Man-hour expense for O&M

i) Chief operator: 1person x 4,000ksh/year x 300days/year = 1,200,000 Ksh/year

ii) Laborer for purification plant : 7persons x 3,000Ksh x 300days/year
= 6,300,000Ksh/year

iii) Operator : 1person x 2,000ksh x 300days/year = 600,000Ksh/year
Total man-hour expense for O&M : 8,100,000Ksh/year = 102,988US$/year
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③ Repair expenses (expenses for consumables, repair and replacement of damaged
or breakdown goods, etc.)

The construction cost including that of the existing water supply facilities is
assumed to be 500,000,000Ksh.

500,000,000Ksh construction cost x 2% = 10,000,000Ksh/year
= 127,145US$/year

④ Chemical expense

The chemical expense is calculated as follows, based on the operation record of
the existing water supply facilities:

Chemicals Unit prices Dosing rates Consumption Amounts
(Ksh/kg) (mg/L) (kg/day) (Ksh/year)

Aluminum Sulphate 30 30 30 328,500

Bleaching powder 70 3 3 76,650

Soda ash 25 10 10 91,250

Total 496,400
500,000Ksh/year

=  6,357US$/year

(3) Expenses Required for JKUAT Sewerage Facilities

1) O&M Scheme

The O&M items for the sewerage facilities including the collection and storage of
laboratory waste are as follows:

① Operation and maintenance: daily
② Transportation and storage of laboratory waste: when necessary
③ Inspection of pumps, electrical and instrumental equipment:

weekly, monthly, every six month
④ Repair and replacement: when necessary
⑤ Dredging of oxidation ponds: every three to five years

A total of four (4) operators (one chief operator and three technicians) exclusively
engaged in the sewerage facilities are required for the O&M mentioned above.
The staffs to be mobilized besides the regular operators conduct repair and
replacement works, as the need arises.
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2) O&M Cost

The O&M cost of sewerage facilities is shown below.  The allocation of the O&M
cost between the JKUAT and the AICAD is done in proportion to the respective
supplied water amount.

Imposed on the AICAD: Supplied amount for the AICAD/Total supplied amount
= 36/744 = 5.0 %

Imposed on the JKUAT: Supplied amount for the JKUAT/Total supplied amount
= 708/744 = 95.0 %

The summary of the O&M cost for sewerage facilities is shown in Table 5-2.

Table 4-2 O&M Cost of Sewerage Facilities

Items Amount (Ksh/year) Remarks
Electricity Charge 466,400
Man-hour cost for O&M 3,000,000
Repair Cost 7,000,000 2% of total construction cost
Total 10,466,400

For AICAD 523,320 5.0%
For JKUAT 9,943,080 95.0%

Detail calculations are described below:

① Electricity charge

The electricity charge is calculated by using expedient method under the
assumption of the unit price 6.0 Ksh/kwh.

i) Transfer pumps : 11 kw x 0.8 loading rate x 2 units x 6 hours/day x
365 days = 38,540 kwh/year

ii)Relay pumps : (3.7 + 0.75 + 0.75) kw x 0.8 loading rate x 3 units x
6 hours/day x 365 days = 27,330 kwh/year

Total electricity charge : (38,540 + 27,330) x 6.0 Ksh/kwh x 18 % VAT
= 466,400 Ksh/year
= 5,930 US$/year

② Man-hour cost for O&M

i) Chief operator : 1 person x 4,000 Ksh/day x 300 days/year
= 1,200,000 Ksh/year

ii)Operators : 3 persons x 2,000 Ksh/day x 300 days/year
= 1,800,000 Ksh/year
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Total man-hour cost for O&M 3,000,000 Ksh/year

= 38,144 US$/year

③ Repair expenses (expenses for consumables, repair and replacement of damaged
or breakdown goods, etc.)

The total construction of sewerage facilities including the existing facilities is
assumed to be 350,000,000 Ksh.

350,000,000 Ksh construction cost x 2 % = 7,000,000 Ksh/year

= 89,000 US$/year
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2.  Survey Schedule

Basic Design Study (26/Nov./2000 – 25/Dec./2000)
No Date Member & Movement Activity
1. Nov. 26

(Sun)
(C, D, E, F, G, H, I, J)
NRT→AMS (JL411)
AMS→

2. Nov. 27
(Mon)

(C, D, E, F, G, H, I, J)
→ NBO(KL4341)

Courtesy calls on JICA Nairobi office
3. Nov. 28

(Tue)
(C, D, E, F, G, H, I, J) Courtesy calls on MOEST, JKUAT & AICAD and Survey of

Project Site

4. Nov. 29
(Wed)

(C, D, E, J, I)

(C, D, E, F, G, H, I, J)

Meeting with ICIPE

Meeting with JKUAT & AICAD
5. Nov. 30

(Thu)
(C, D, E, F, G, H, I, J) Meeting with JKUAT & AICAD

6. Dec. 1
(Fri)

(C, D, E, F, G, H, I, J) Meeting with JKUAT & AICAD

7. Dec. 2
(Sat)

(A, B)
LGW→NBO (BA2069)

(All Members) Internal Meeting & Data analysis
8. Dec. 3

(Sun)
(All Members) Internal Meeting & Data analysis

9. Dec. 4
(Mon)

(A, B, C, D, E, I, J)
(F, G, H)

Meeting with KISM, JICA Nairobi office and MOF
Meeting with JKUAT & AICAD

10. Dec. 5
(Tue)

(A, B, C, D, E, I, J)

(All Members)

Courtesy calls on MOEST and Embassy of Japan
Consultation of Minutes of Discussions with MOEST
Meeting with JKUAT & AICAD

11. Dec. 6
(Wed)

(All Members) Meeting with JKUAT & AICAD
Ceremony for signing on M/D at MOEST

12. Dec. 7
(Thu)

(A, B, C, J)
(D, E, F, G, H, I)

Meeting with KWS and KEMRI
Meeting with JKUAT & AICAD

13. Dec. 8
(Fri)

(All Members)
(I, J)
(A, B)
NBO→LGW (BA2068)

Meeting with JKUAT & AICAD
Procurement Survey

14. Dec. 9
(Sat)

(C, D, E, F, G, H, I, J)) Internal Meeting & Data analysis

15. Dec. 10
(Sun)

(C, D, E, F, G, H, I, J) Internal Meeting & Data analysis

16. Dec. 11
(Mon)

(C, D, E, I, J)
(F, G, H)

Meeting with WB, Kenyatta Univ., UNESCO and ISK
Meeting with JKUAT

17. Dec. 12
(Tue)

(C, D, E, F, G, H, I, J) Internal Meeting & Data analysis

18. Dec. 13
(Wed)

(C, D, E, F, G, H, I, J)
(I, J)

Meeting with JKUAT & AICAD
Procurement Survey

19. Dec. 14
(Thu)

(C, D, E, I, J)

(F, G, H)

Report to JICA Nairobi office, Embassy of Japan
Meeting with KEFRI
Meeting with JKUAT& AICAD

20. Dec. 15
(Fri)

(C, D, E, F, G, H, I, J) Meeting with JKUAT & AICAD

21. Dec. 16
(Sat)

(C, E, G, I)
NBO→AMS (KQ116)
AMS→
(D, F, H, J) Internal Meeting & Data analysis



2.  Survey Schedule

No Date Member & Movement Activity
22. Dec. 17

(Sun)
(C, E, G, I)
→NRT (JL412)
(D, F, H, J) Internal Meeting & Data analysis

23. Dec. 18
(Mon)

(D, F, H, J) Meeting with JKUAT& AICAD

24. Dec. 19
(Tue)

(D, F, H, J) Meeting with JKUAT& AICAD
Final report to JICA Nairobi office

25. Dec. 20
(Wed)

(D, F, H, J)
NBO→AMS (KQ116)
AMS→

26. Dec. 21
(Thu)

(D, F, H, J)
→NRT (JL412)

Remarks;
(JICA) A: Mr. Kanda, B: Mr. Kurisu
（Consultant） C: Mr. Hatano, D: Mr. Sawabe, E: Mr. Kamagata, F: Mr. Hashimoto, G: Shoji, H: Mr. Yukawa,

I: Mr. Kunita, J: Mr. Kanai



2.  Survey Schedule

Explanation Team for Draft Report of Basic Design Study (24/Mar./2001 – 7/Apr/2001)
No Date Member & Movement Activity
1. Mar. 24

(Sat)
(C, D, E, F, G, H, I, J)
NRT→LHR (JL401)

2. Mar. 25
(Sun)

(C, D, E, F, G, H, I, J)
LHR→

Internal Meeting & Data analysis

3. Mar. 26
(Mon)

(C, D, E, F, G, H, I, J)
→NBO (BA2069) Courtesy calls on JICA Nairobi office

4. Mar. 27
(Tue)

(C, D, E, F, G, H, I, J) Meeting with JKUAT& AICAD

5. Mar. 28
(Wed)

(C, D, E, F, G, H, I, J) Meeting with JKUAT& AICAD

6. Mar. 29
(Thu)

(C, D, E, F, G, H, I, J) Meeting with JKUAT& AICAD

7. Mar. 30
(Fri)

(A, B)
NBO→LGW (BA2068)
(All Members) Courtesy calls on JICA Nairobi office

8. Mar. 31
(Sat)

(All Members) Internal Meeting & Data analysis

9. Apr 1
(Sun)

(All Members) Internal Meeting & Data analysis

10. Apr 2
(Mon)

(All Members) Consultation of Minutes of Discussions with MOEST

11. Apr 3
(Tue)

(F, H)
NBO→AMS (KL4340)
AMS→
(C, D, E, G, I, J) Ceremony for signing on M/D at JKUAT

Report to JICA Nairobi office, Embassy of Japan
12. Apr 4

(Wed)
(F, H)
→NRT (JL412)
(C, D, E, G, I, J) Meeting with JKUAT& AICAD

13. Apr 5
(Thu)

(C, D, E, G, I, J)

(A)
NBO→LGW (BA2068)

Meeting with JKUAT& AICAD
Report to JICA Nairobi office

14. Apr 6
(Fri)

(C, D, E, G, I, J)
NBO→AMS (KL4340)
AMS→

15. Apr 7
(Sat)

(B)
NBO→LGW (BA2068)
(C, D, E, G, I, J)
→NRT (JL412)

Remarks;
(JICA) A: Mr. Koizumi, B: Mr. Kurisu
(Consultant) C: Mr. Hatano, D: Mr. Sawabe, E: Mr. Hashimoto, F: Mr. Shoji, G: Mr. Yukawa, H: Mr. Kunita,

I: Mr. Kanai



3.  List of Persons Concerned in
the Recipient Country

Basic Design Study (26/Nov./2000 – 25/Dec./2000)

1. Embassy of Japan

Mr. Morihisa Aoki ： Ambassador
Mr. Hideki Kawato ： First Secretary

2. JICA Office

Mr. Eiji Hashimoto ： Resident Representative
Mr. Takeshi Naruse ： Deputy Representative
Mr. Tomoki Nitta ： Deputy Representative
Mr. Naoki Takahashi ： Assistant Resident Representative
Mr. S. K. Kibe ： Education Specialist

3. Ministry of Education, Science and Technology (MOEST)

Mr. J. C. Kiptoon ： Permanent Secretary
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Mr. G. K. Lengoiboni ： Deputy Director of Education
Mr. J. W. Wekesa ： Chief Finance Officer
Mr. J. M. Njonoge ： Economist
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Ms. F. Kadasia ： Deputy Secretary
Mr. J. K. Kanithi ： Undersecretary

5. AICAD

Dr. J. K. Z. Mwatelah ： Director
Mr. Joel M. Mberia ： Deputy Director
Dr. A. Gachanja ： R & D Coordinator
Mr. Cyrus Kamau ： Administration Coordinator
Mr. Kennedy Omwenga ： IN Coordinator
Mr. Samuel Mokaya ： Training and Extension Coordinator
Mr. H. Kumano ： Chief Advisor
Mr. M. Iida ： Project Coordinator

6. JKUAT

Prof. R. W. Michieka ： Vice Chancellor
Prof. H. M. Thairu ： Deputy Vice Chancellor
Prof. F. N. Onyango ： Deputy Vice Chancellor
Dr. C. C. Ochieng ： Lecturer, Architecture
Mr. M. Anangi ： Lecturer, Electrical/Electronic Eng.
Dr. K. Makhanu ： Chairman, Civil Engineering
Dr. J. W. Kaluli ： Chairman, Agricultural Engineering
Mr. E. M. Cheptumo ： Deputy Registrar, APD
Mr. K. Ondieki ： Deputy Finance Officer
Prof. Ngunjiri ： Director, School of Architecture
Dr. N. Kioni ： Dean, Faculty of Engineering
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Prof. Kangethe ： Director, CEP
Prof. M. Imbuga ： Dean, Faculty of Science
Mr. Mengo ： Director, ICSIT
Dr. Agong ： Director, IEET
Dr. P. Kutima ： Director, BPGS
Prof. Kahangi ： Director, IBR

7. UNESCO Nairobi Office

Prof. Joseph G. M. Massaquoi ： Senior Programme Specialist in Science and Technology

8. ICIPE

Mr. Chris Hill ： Director of Finance and Administration
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Mr. Kamau Gitonga ： Fleet Manager
Ms. Elie Osir ： Ag. Director General
Mr. Enoch Alumasi ： Security Manager

9. Kenya School of Manetary Studies

Ms. Eunice W. Kagane ： Director of Studies

10. Kenya Institute of Surveying and Mapping
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Mr. Hiromichi Maruyama ： Chief Advisor

11. Kenya Forest Research Institute

Dr. Bernard Kigomo ： Deputy Director
Mr. Ken Shimizu ： Coordinator

12. Kenya Medical Research Institute

Mr. Dunstan M. Ngumo ： Deputy Director of Administration and Finance
Dr. Kazushige Nagai ： Expert

13. Kenya Medical Training College

Prof. Toshio Yamazaki ： Chief Advisor

14. Kenya Wildlife Service

Mr. Fumio Kinoshita ： Wildlife Conservation Education Advisor
Mr. Toshiaki Suzuki ： Audio Visual Expert

15. Geomaps

Mr. Lenny Kivuti ： Managing Director
Mr. Lucas O. Koloo ： Chief Surveyor
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16. Photomap

Mr. Nils G. Wiklund ： Managing Director
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1. Embassy of Japan
Mr. Morihisa Aoki ： Ambassador
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6. Local Area Network Specifications

LAN Specifications

a) AICAD

i) Backbone Switch
Back plain capacity 22Gbps and more
Layer 2 switching -

Functions

Layer 3 switching 10Mpps and more
10/100 base TX 48
100 base FX -

Maximum port
amount

Gigabit slot 2
VLAN support 244VLAN
VLAN Trunk support ISL, 802.1Q

Spanning tree Support
Control functions SNMP, RMON
Layer 3 Protocol support IP, IPX, IP multicast

ii) Sub Switch
Back plain capacity 22Gbps and more
Layer 2 switching -

Functions

Layer 3 switching 10Mpps and more
10/100 base TX 48
100 base FX -

Maximum port
amount

Gigabit slot 2
VLAN support 244VLAN
VLAN Trunk support 1SL､802.1Q

Spanning tree Support
Control functions SNMP, RMON
Layer 3 Protocol support IP, IPX, IP multicast

iii) Edge Switch
Back plain capacity 3.2Gbps and more
Layer 2 switching 3Mpps and more

Functions

Layer 3 switching -
10/100 base TX 12/24
100 base FX -

Maximum port
amount

Gigabit slot -
VLAN support 64VLAN
VLAN Trunk Support 1SL､802.1Q

Spanning tree Support
Control functions SNMP, RMON
Layer 3 Protocol support －



6. Local Area Network Specifications

iv) Scope of works
Description Scope of work Out of scope

Network Equipment ○
Installation racks for N.
Equipment

○

Optic Panel ○
Main optic Cabling work ○
Optic code ○
Modular Panel ○
UTP patch code  (panel
∼Equipment)

○

Supporting UTP Cabling work ○
LAN outlet ○
UTP patch code  (outlet ∼
terminals)

○

Internal pipe routing ○
External pipe routing
 (Hostel ∼ Main building )

○

b) JKUAT

i) Backbone Switch
Back plain capacity 22Gbps and more
Layer 2 switching -

Functions

Layer 3 switching 10Mpps and more
10/100 base TX 48
100 base FX -

Maximum port
amount

Gigabit slot 2
VLAN Support 244VLAN
VLAN Trunk support 1SL, 802.1Q

Spanning tree Support
Control functions SNMP, RMON
Layer 3 Protocol support IP, IPX, IP multicast

ii) Sub Switch
Back plain capacity 3.2Gbps and more
Layer 2 switching 3Mpps and more

Functions

Layer 3 switching -
10/100 base TX 12/24
100 base FX -

Maximum port
amount

Gigabit slot -
VLAN Support 64VLAN
VLAN Trunk Support 1SL, 802.1Q

Spanning tree Support
Control functions SNMP, RMON
Layer 3 Protocol support -



6. Local Area Network Specifications

iii) Scope of works
Description Japanese Side JKUAT Side

Network Equipment ○
Installation racks for N. Equipment ○
Optic Panel ○
Main optic Cabling work ○
Optic code ○
Modular Panel ○
UTP patch code (Equipment ∼
Equipment)

○

Supporting UTP Cabling work ○
LAN outlet ○
UTP patch code  (Outlet ∼ Terminals) ○
Internal pipe routing in the existing
building

 (LAN rack ∼ outside)

○

Internal pipe routing in the existing
building

 (LAN rack ∼ LAN outlet)

○

External pipe routing
 (Old library ∼ each buildings)

○



7.  JKUAT’s Requested Equipment

No. Faculty/Dept. No. of Equipment
Requested Present Activities and Status of Existing Equipment

1 Faculty of
Agriculture
Horticulture

Student; 9pcs
T/E; 7pcs
Research; 6pcs
total; 22pcs

- Curriculum; 64 units for BSc. and 16 for MSc. and crop
horticulture is more active than fruit and flower in T/E
and research.

- Existing equipment; General science and chemical
equipment, Microscope, Atomic Absorption
Spectrophotometer (Old), Gas Chromatography etc.

- There are many items needs to be repaired like recharge
of coolant, replacement of parts.

- Lacking of equipment for student experimental practice,
T/E and research

2 Faculty of
Agriculture,
Agricultural
Engineering

Student; 19pcs
T/E; 2pcs
Research; 40pcs
total; 61pcs

- Curriculum; 83 units for BSc. and 36 for MSc. and
curriculum covers wide range of many subjects including
Fluid mechanics, Engineering, Soil, Irrigation,
Agricultural Machinery, Post-harvest.

- Existing equipment includes many kind of tractor, soil
equipment, food processing/ analysis equipment and
equipment for analysis of waste water for students and
research use

- In state of narrow experiment/research space due to joint
use of facilities with Dept. of Science

3 Faculty of
Agriculture
Food
Processing and
Post Harvest
Technology

Student; 14pcs
T/E; 225pcs
Research; 55pcs
total; 294pcs

- Curriculum; 69 units for BSc. and 26 for MSc. covers Food
chemistry, Quality management, Post-harvest technology
etc. , specially, and “ Applied Food Analysis “ training
program is very active in Sub-Saharan Africa.

- Existing food processing equipment is very abundant, but
not so in sophiscated analyzer for further level up in food
technology.

4. Faculty of
Engineering
Civil
Engineering

Student; 25pcs
T/E; 4pcs
Research; 12pcs
total; 41pcs

- Curriculum; 84 units for BSc. and 41 for MSc. and is going
to add environmental course and to develop waste water
field.

- Existing equipment in fundamental civil engineering
curriculum is enough.

- There are some waste water analysis equipment, but
lacking major equipment like COD/BOD/TOC analyzer,
Auto sampler, N & P analysis etc.

- Repairing work is required due to lack of parts and
consumables, loss of coolant and cable wiring work for
unutilized equipment

5. Faculty of
Engineering
Mechanical
Engineering

Student; 63pcs
T/E; 8pcs
Research; 11pcs
total; 82pcs

- Curriculum;  80 units for BSc. and 48 for MSc. and
lacking in new course like advanced technology,
mechatronics and energy equipment, etc including
equipment.

- Equipment management and maintenance are in good
condition.

6. Faculty of
Engineering
Electrical &
Electronics
Engineering

Student; 72pcs
T/E; 5pcs
Research; 6pcs
total; 83pcs

- Curriculum;  80 units including option subjects for BSc.,
and experimental practice and/or research theme for
advanced or practical fields is required.

- Equipment management and maintenance are in good
condition

- In state of narrow experiment/research space due to joint
use of lecture.

7. Faculty of
Architecture

Student; 15pcs
T/E; 15pcs
Research; 41pcs
total; 71pcs

- Being equipped with basic architectural equipment
- Lacking of space for student practice and research due to

joint use with Dept.
- Being projected a lack of student drafting equipment due

to establishment of new two departments.



7.  JKUAT’s Requested Equipment

No. Faculty/Dept. No. of Equipment
Requested Present Activities and Status of Existing Equipment

8. Faculty of
Science
Zoology

Student; 15pcs
T/E; 6pcs
Research; 9pcs
total; 30pcs

- Curriculum ; 43 units including option subjects for BSc.
31 for Msc. and only one unit of experiment as research
Bsc. and two units for Msc.

- Microscope, Autoclave, Electrophoresis kits, Elisa kits,
VIS  Spectrophotometer, Centrifuge, Ovens, Incubators
Shakers, Egg Incubators, pH meter

- In good condition of equipment
9. Faculty of

Science
Chemistry

Student; 8pcs
T/E; 7pcs
Research; 11pcs
total; 26pcs

- AAS, AAS (BUCK), Spectrophotometer (VIS),
Spectrophotometer, Flame photometer

- Only Spectrophotometers are available
- Intending to enter environmental research

10. Faculty of
Science
Botany

Student; 7pcs
T/E; 1pcs
Research; 8pcs
total; 16pcs

- Curriculum ; 50 units including 29 option subjects for
BSc. and 11 specialization areas with 5 to 15 units by
course. Student’s research option for Bsc. and Msc. are
similar to the others.

- Phase contrast microscopes, Research microscopes,
 Dissecting microscopes, Memert incubator, Oven
- Equipment management and maintenance are in good

condition
11. Faculty of

Science
Biochemistry

Student; 5pcs
T/E; 1pcs
Research; 6pcs
total; 12pcs

- Students from Chemistry, Zoology and Botany are allowed
to enter from second year/

- Curriculum;  27 units for Bsc. and 11 units for Msc.
- pH meter, Incubator, Electrophoresis kit, Freezer, etc.
- Spectrophotometer, oven, Autoclave, etc.

12. Faculty of
Science
Physics

Student; 3pcs
T/E; 2pcs
Research; 1pcs
total; 6pcs

- Curriculum ; 44 units including 24 option subjects for
BSc. and eight specialization areas with four to seven
units by course. students research option for Bsc. and
Msc. are similar to the others.

- Abundant in physics research and experiment like
Oscilloscopes, XY Recorder, Single Crystal Silicon Wafers,
Portable Multichannel Analyzer, Optical Spectrum
Analyzer, etc.

13. Faculty of
Science
Maths &
Statistic

Student; 0pcs
T/E; 4pcs
Research; 2pcs
total; 6pcs

- Curriculum ; 84 units including 38 option subjects for
BSc. and three specialization areas with to 13 to 20 units
by course. students research option for Bsc. and Msc. are
similar to the others.

- Existing equipment; Computer, UPS, Dot matrix printer,
Accessories

14. Institute of
Computer
Science &
Information
Technology

Student; 5pcs
T/E; 30pcs
Research; 0pcs
total; 35pcs

- Most active in LAN system and PC technology including
training for PC.

- Only personal computer are available.

15. Institute of
Energy &
Environmental
Technology

Student; 0pcs
T/E; 14pcs
Research; 0pcs
total; 14pcs

- Being active in energy and utilization of solar energy
development and environment

- Amorphous solar energy unit, Drilling machine,
  Welding set, Water pump, Biogas digester

16. Institute of
Human
Resources
Development

Student; 0pcs
T/E; 6pcs
Research; 1pcs
total; 7pcs

- Mainly focusing in publication of research paper and
opening of seminar relating Manpower development in
small and medium enterprises.

- Only PC is available
17. Center of

Regional
Enterprise
Development

Student; 0pcs
T/E; 6pcs
Research; 0pcs
total; 6pcs

- Development project for micro and small-scale enterprises
in conjunction with oversea donor projects.

- Existing equipment;  Computers, Printer, Vehicle



7.  JKUAT’s Requested Equipment

No. Faculty/Dept. No. of Equipment
Requested Present Activities and Status of Existing Equipment

18. Farm Dept. Student; 0pcs
T/E; 30pcs
Research; 0pcs
total; 30pcs

- There are many agricultural sectors training projects in
the fields of horticulture, food crops and stockbreeding

- Existing equipment;  Crusher, Centrifugal pump,
Mortar, TS Hydrant, Iseki tractor, Star rotary tiller,
Harvester, Star 2ton trailer, Star disc plough

19. Library Student; 28pcs
T/E; 0pcs
Research; 0pcs
total; 28pcs

- Existing equipment;  Library, computer

20 Workshops Student; 16pcs
T/E; 15pcs
Research; 0pcs
total; 31pcs
(divided to
Students and
T/E)

- Existing equipment;  Single surface planner, Band
sawing machine, Automatic saw sharpener, Bech drilling
machine, Orbital sander, Wood moisture meter, Dust
Collectors、

Total Student; 304pcs
T/E; 388pcs
Research; 209pcs
total; 901pcs







9.  Supplementary Data of Water Supply Facility Plan

Appendix A Calculation of Design Water Supply

Appendix B Hydrogical Study on Ndarugu River

Appendix C Counter Measures to Water Hammer

Appendix D Study of Income and Expenditure of Water
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Appendix B　Hydrological Study on Ndarugu River

1. Hydrological Data

Water source of JKUAT is the Ndarugu River running at east side of JKUAT.  There are

several water level gauge stations along the Ndarugu River and the nearest gauge

station from the water intake facilities is 3CB05 that is at about 15km down stream

from the water intake facilities.  Observation at the station has started in 1956 and

the records are obtained for about 40 years.  Flow record is converted from the

measured river water depth.  Water flows at the intake facilities are estimated based

on the area ratio of the river basins at the water intake facilities and at the gauge

station as shown below.

Qinlet = C Q3CB05

Qinlet: River flow at the water intake facilities (m
3/s)

Q3CB05: River flow at the gauge station 3CB05(m
3/s)

C: Area ratio of river basins

The area ratio of the river basins at the water intake facilities and the gauge station

is estimated at 0.726 as shown below, and the location of the gauge station and the

intake facilities are shown in following.

Basin Area (km2)

Gauge station (3CB05) 312.00

Intake facilities (Area A) 226.49

From intake facilities to 3CB05　(Area B) 85.51

Area ratio of the river basins = 226.49 / 312.00 = 0.726

Ndarugu River Basin

River Basin

　3CB05: 312.00 km2

　Area Ａ: 224.69 km2

　Area B:   85.51 km2

3CB05

Intake facilities
Area Ａ

Area Ｂ

Ndarugu River

Athi River

To Indian
Ocean



Average monthly river flow at the intake facilities is estimated based on the record

measured at the gauge station 3CB05 and the ratio of the river basins as shown below,

and the average annual flow is 2.74m3/sec.

Unit：m3/sec

Month 1 2 3 4 5 6 7 8 9 10 11 12

Flow 1.72 1.12 1.18 5.07 10.40 3.81 2.05 1.30 0.92 1.05 3.30 3.40

It is found, river flow is high in April to June and November to December, river flow

is low in January to March and August to October.  Maximum monthly flow is 10.40m3/s

in May and minimum monthly flow is 0.92m3/s in September.  Average monthly river flow

from 1956 to 1994 is shown in Annex 1.

In past years, maximum and minimum flow at the 3CB05 is 105.376ｍ3/s in 30 April 1963

and 0.04m3/s in 27 January 1979, respectively.  Past maximum and minimum flow at the

intake facilities are also estimated as follows,

  

Past actual maximum flow:　76.503m3/s (30/04/63)

Past actual minimum flow:　 0.029m3/s (27/01/79)

Daily maximum and minimum flows at the intake facilities are shown in Annex 2.

Although the minimum flow is 0.000m3/s in 1984 based on the record as shown in the

table, the figure is neglected as most of the original data in 1984 is missing and

the figures are not reliable, and it is obtained that minimum water depth is not less

than 30cm based on the hearing in the field survey.  So, past actual minimum flow,

0.029m3/s, is adopted the figure in 1979 that is the second lowest figure in the record.

2. River Flows of Return Periods

River flows in return periods is calculated by Gumbel method based on the record of

Annex 2.  The maximum river flow is calculated in 5, 10, 25, 50, 100 years return

periods, and minimum river flow is calculated in 5,10 and 25years probability as shown

below.

Return periods Max flow (m3/s) Min flow (m3/s)

5 42.984 0.166

10 56.481 0.086

25 73.439 0.019

50 86.447 ---

100 99.224 ---



3. Water Level

Water level is studied in the past actual water level and water level calculated with

river flow and river condition such as shape of the cross section and slop.

Past actual maximum water level at the intake facilities is 1504.68m and the minimum

water depth is not less than 0.3m based on the hearing in the field survey.  The minimum

water level is 1500.42m as the elevation of the river bed is 1500.12m.

Water levels are calculated by Manning formula for the maximum flow of 100years return

period and for the minimum flow of 10years return period as shown below.

Maximum water level Minimum water level

Past

actual

Calculated figures Past

actual

Calculated figures

figure Past Max 100years

return period

figure Past Max 10years

return period

River flow (m3/s) --- 76.503 99.224 --- 0.029 0.086

Water level (m) 1504.68 1504.69 1505.07 1500.42 1500.32 1500.42

Water level of the average annual flow of 2.74m3/sec is calculated at 1501.2m by the

same way.  Design water levels are adopted as follow,

Water level

（m）

Remark

HWL 1505.1 Max water level in 100years return period

MWL 1501.2 Average water level

LWL 1500.4 Min water level in 10years return period

Floor level of control panel house at Ndarugu river water intake facilities is to be

at elevation of 1507m, taking into account of the HWL: 1505.1m and extra.



Annex 1　Ndarugu River Flow at Water Intake Facilities Unit: m3/s

Monthly Average River Flow

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave

1956 1.777 1.133 0.769 0.537 1.147 0.744 1.018

1957 0.780 0.859 1.769 2.802 18.351 7.727 2.740 1.569 1.036 0.728 1.189 2.215 3.480
1958 0.869 1.792 2.681 2.405 24.743 8.323 4.297 2.864 1.597 1.068 0.888 0.696 4.352

1959 0.497 0.369 0.384 0.934 3.887 2.771 1.026 0.686 0.540 0.469 1.730 0.901 1.183
1960 0.479 0.364 0.637 3.581 3.849 1.591 0.934 0.611 0.484 0.465 1.420 0.743 1.263

1961 0.409 0.384 0.368 0.678 2.188 0.989 0.837 0.694 0.840 3.284 27.944 19.657 4.856
1962 15.017 3.515 1.562 2.475 15.957 4.863 2.797 1.743 1.286 1.244 1.246 2.073 4.481

1963 2.092 1.867 1.388 10.274 30.013 7.678 3.599 1.872 1.203 0.973 1.877 14.175 6.418
1964 4.971 1.619 2.902 12.369 15.815 5.256 2.342 2.114 1.493 1.389 1.445 2.039 4.480

1965 2.074 1.107 0.696 1.536 3.510 2.518 1.257 0.832 0.538 0.555 3.401 2.739 1.730
1966 1.202 0.967 1.972 12.993 18.073 3.137 1.694 1.167 0.928 0.602 2.451 0.930 3.843

1967 0.455 0.302 0.268 1.453 20.697 8.545 2.941 1.873 1.676 1.935 6.273 4.887 4.275
1968 1.646 0.994 4.891 8.292 12.602 6.355 2.996 1.782 1.067 1.013 9.745 21.257 6.053

1969 2.613 1.819 1.670 1.158 4.432 2.416 1.215 0.882 0.606 1.314 0.560 0.439 1.594
1970 0.430 0.326 0.375 11.407 12.154 5.268 2.309 1.417 0.911 0.595 0.787 0.531 3.043

1971 0.117 0.526 0.349 3.522 11.143 3.824 2.378 1.649 1.620 0.964 0.737 1.468 2.358
1972 0.813 0.543 0.520 0.420 0.846 0.715 2.095 13.306 4.334 2.621

1973 1.583 0.862 0.495 0.647 1.274 1.449 0.761 0.611 0.455 0.432 0.565 0.599 0.811
1974 3.536 1.829 8.302 2.800 1.266 0.914 1.425 0.904 2.622

1975 0.553 0.308 0.308 0.835 4.048 2.047 0.842 2.523 0.828 0.855 2.010 2.027 1.432
1976 0.726 0.358 0.323 2.903 2.474 1.956 0.869 0.432 0.263 0.286 0.319 1.074 0.999

1977 0.326 0.197 0.384 16.130 35.536 5.628 2.391 1.634 0.972 0.773 7.872 6.303 6.512
1978 2.995 2.124 2.794 38.145 18.774 3.199 0.804 0.456 0.552 1.309 5.195 4.828 6.765

1979 0.549 2.624 2.126 8.842 16.929 8.086 4.247 1.192 1.207 0.476 1.705 0.511 4.041
1980 0.488 0.731 0.560 0.926 9.188 5.172 1.090 0.729 0.425 0.624 3.648 2.880 2.205

1981 1.433 0.618 1.129 7.855 15.842 4.360 2.150 1.215 0.609 0.894 1.036 1.244 3.199
1982 0.749 0.454 0.301 1.204 8.055 5.290 1.486 0.674 0.609 1.781 2.060

1983 1.716 1.244 0.476 1.325 11.770 1.064 0.872 1.207 1.299 0.870 0.829 1.708 2.032
1984 0.948 0.363 0.394 0.504 0.154 0.021 0.012 0.002 0.225 1.729 0.435

1985 2.074 2.074
1986 1.661 1.160 0.950 0.806 1.273 1.989 1.307

1987 1.134 0.761 0.483 0.888 1.795 2.700 1.654 0.660 1.260
1988 0.554 0.352 0.460 1.961 4.792 3.486 2.164 0.876 1.547 1.726 1.792

1989 2.253 2.273 1.771 2.481 4.586 3.514 2.319 1.609 1.210 1.052 2.403 3.309 2.398
1990 3.505 1.943 2.664 4.002 3.486 1.400 1.077 1.053 2.282 1.865 2.328

1991 1.248 0.823 0.723 1.007 2.632 3.516 1.856 1.304 0.938 0.923 1.507 0.961 1.453
1992 0.656 0.835 0.710 1.459 3.016 2.115 1.563 1.310 1.263 1.631 1.372 2.174 1.509

1993 3.443 4.227 1.607 1.530 1.109 1.400 1.372 1.073 1.087 0.972 1.506 1.757
1994 0.718 0.558　 　 　 　 　 　 　 　 　 　 0.638

Ave. 1.715 1.115 1.181 5.073 10.404 3.810 2.045 1.296 0.922 1.045 3.297 3.395 Ave
2.735



Annex 2 (1/2)  Minimum and Maximum Ndarugu River Flow at Intake Facilities

Minimum Maximum
Year Flow Date Flow Date

(m3/s) (m3/s)

1956 0.371 10/24/56 2.250 07/04/56
1957 0.320 04/02/57 42.225 05/15/57
1958 0.459 02/07/58 60.232 05/14/58
1959 0.255 03/17/59 25.593 11/25/59
1960 0.290 02/23/60 11.964 04/19/60
1961 0.308 01/31/61 55.170 11/18/61
1962 0.897 11/15/62 55.170 01/04/62
1963 0.718 11/11/63 76.503 04/30/63
1964 0.897 11/28/64 50.983 04/28/64
1965 0.368 10/15/65 10.094 04/21/65
1966 0.510 03/14/66 44.844 05/04/66
1967 0.195 03/30/67 42.225 05/09/67
1968 0.718 10/15/68 49.827 12/07/68
1969 0.290 12/29/69 12.636 05/14/69
1970 0.072 11/04/70 31.920 05/12/70
1971 0.086 03/15/71 17.773 12/31/71
1972 0.308 02/01/72 24.867 11/20/72
1973 0.290 10/30/73 2.473 06/21/73
1974 0.347 12/12/74 18.062 07/13/74
1975 0.156 02/18/75 12.865 05/27/75
1976 0.156 03/06/76 12.865 04/18/76
1977 0.095 02/21/77 76.173 05/04/77
1978 0.133 09/01/78 72.742 04/20/78
1979 0.029 01/27/79 46.088 05/11/79
1980 0.029 05/04/80 34.372 05/08/80
1981 0.375 02/18/81 26.786 05/15/81
1982 0.090 03/15/82 25.190 05/29/82
1983 0.272 03/26/83 39.985 05/11/83
1984 0.000 08/29/84 2.105 10/16/84
1985 1.082 06/09/85 3.512 06/13/85
1986 0.659 10/03/86 3.624 12/06/86
1987 0.366 03/10/87 3.136 06/19/87
1988 0.203 02/20/88 4.999 05/18/88
1989 0.708 10/20/89 4.967 06/08/89
1990 0.648 09/19/90 4.934 01/15/90
1991 0.513 03/22/91 4.999 06/03/91
1992 0.422 01/29/92 4.740 05/06/92
1993 0.412 09/30/93 4.901 02/15/93
1994 0.393 01/28/94 1.210 01/01/94
　 　 　 　 　 　

Past Min. Flow ＝ 0.029 m3/s 01/27/79

Past Max Flow ＝ 76.503 m3/s 04/30/63



Annex 2 (2/2)  Minimum and Maximum Ndarugu River Flow at Gauge Station 3CB05

Minimum Maximum
Year Flow Date Flow Date

(m3/s) (m3/s)

1956 0.511 10/24/56 3.099 7/4/56
1957 0.441 4/2/57 58.161 5/15/57
1958 0.632 2/7/58 82.964 5/14/58
1959 0.351 3/17/59 35.252 11/25/59
1960 0.399 2/23/60 16.480 4/19/60
1961 0.424 1/31/61 75.992 11/18/61
1962 1.236 11/15/62 75.992 1/4/62
1963 0.989 11/11/63 105.376 4/30/63
1964 1.236 11/28/64 70.224 4/28/64
1965 0.507 10/15/65 13.903 4/21/65
1966 0.703 3/14/66 61.768 5/4/66
1967 0.268 3/30/67 58.161 5/9/67
1968 0.989 10/15/68 68.632 12/7/68
1969 0.399 12/29/69 17.405 5/14/69
1970 0.099 11/4/70 43.967 5/12/70
1971 0.119 3/15/71 24.481 12/31/71
1972 0.424 2/1/72 34.252 11/20/72
1973 0.399 10/30/73 3.407 6/21/73
1974 0.478 12/12/74 24.879 7/13/74
1975 0.215 2/18/75 17.721 5/27/75
1976 0.215 3/6/76 17.721 4/18/76
1977 0.131 2/21/77 104.922 5/4/77
1978 0.183 9/1/78 100.196 4/20/78
1979 0.040 1/27/79 63.482 5/11/79
1980 0.040 5/4/80 47.344 5/8/80
1981 0.517 2/18/81 36.895 5/15/81
1982 0.124 3/15/82 34.697 5/29/82
1983 0.374 3/26/83 55.076 5/11/83
1984 0.000 8/29/84 2.899 10/16/84
1985 1.490 6/9/85 4.838 6/13/85
1986 0.908 10/3/86 4.992 12/6/86
1987 0.504 3/10/87 4.320 6/19/87
1988 0.279 2/20/88 6.886 5/18/88
1989 0.975 10/20/89 6.841 6/8/89
1990 0.892 9/19/90 6.796 1/15/90
1991 0.706 3/22/91 6.886 6/3/91
1992 0.581 1/29/92 6.529 5/6/92
1993 0.568 9/30/93 6.750 2/15/93
1994 0.542 1/28/94 1.666 1/1/94
　 　

Source： Department of Water Resources in Ministry of Environment and

Natural Resources

Past Min Flow ＝ 0.040 m3/s 01/27/79

Past Max Flow ＝ 105.376 m3/s 04/30/63



Appendix C Counter Measures to Water Hammer

1. Water Hammer

Water Hammer happens when operating pumps suddenly stop due to such as electric power failure.

When operating pumps stop, water in pipe is still trying to go up by inertia, but sending of water

from pumps stops, and negative pressure occurs in pipe.  Next, water going up by inertia looses

energy, and the water goes down oppositely, and high positive pressure occurs by crashing of water.

When high negative pressure occurs, water column is separated and pipe might be broken by

external force.  When high positive pressure occurs due to crashing of water column, pipe might be

broken by internal force.

So, it is necessary to take counter measures to prevent accidents of the pressure pipe system.

Typical counter measures are described below.

Counter measures for negative pressure:

Minimum pressure line shall be over the profile of pipe, or the line shall not be lower than 5m to 6m

from the pipe profile so as to avoid the separation of water column.

Counter measures for positive pressure:

The strength of pipe shall be higher than the positive pressure occurred in pipe.

 2. Evaluation of Water Conveyance Facilities with Existing Facilities

Water conveyance facilities consist of the water intake pumping station, conveyance pipe composed

from existing pipe and by-pass pipe and existing one way surge tank.  Water hammer of the water

conveyance facilities is studied for the following cases with the existing one way surge tank.

Case1-1: Utilizing existing pressure pipe

Case1-2: Utilizing existing pressure pipe + by-pass pipe

As a result of the study, it is found that both cases result in big negative pressure between the water

intake pumps and the existing surge tank, and counter measures are necessary to prevent water

column separation.

3. Improvement Plant

As an improvement plan, we install 2 stations of one way surge tank between the water intake pumps

and the existing surge tank as shown in Table C-1.



Table C-1 Specification of One Way Surge Tank

Surge tank Distance from water intake
pumping station (m)

Tank volume (m3) Water level (m)

Existing 498 1.13 1549.0

Additional No.1 60 0.5 1532.0

Additional No.2 180 0.5 1542.0

Water hammer of the water conveyance facilities is studied for the following cases with the existing

one way surge tank and the additional 2 one way surge tanks.

Case2-1: Utilizing existing pressure pipe

Case2-2: Utilizing existing pressure pipe + by-pass pipe

As a result of the study, it is found that both cases result in small negative pressure partially, and

water column separation might not happen.

It is concluded that any accidents caused by water hammer can be avoided by installing 2 additional

one way surge tanks for both cases of utilizing existing pressure pipe and with by pass pipe.
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Appendix D Study of Income and Expenditure of Water

Water in storage pond is pumped up by Ndarugu River water intake facilities and is used for

drinking water and irrigation.  Balance sheet of water in storage pond is shown in Annex1.

Water required for irrigation is calculated based on the reference crop evapotranspiration (ETo),

crop coefficient (Kc), effective rainfall and Irrigation efficiency, and these figures are estimated

by the FAO’s procedure.  These figures are obtained from data collected at Thika

Meteorological Station that is about 10km away from JKUAT.

JKUAT farmland was developed in 1985 with irrigation facilities and the area is 20 ha.  But

now the occupancy of the farm has been reduced and it is estimated that 70% of the farm will be

utilized in the future.  The maximum irrigated water is 1079m3/day occurring in March and the

minimum irrigated water is 5m3/day occurring in April.  Intake water for water supply from the

pond is 990m3/day, the capacity of the water purification plant.  Amount of water stored in the

storage pond is also calculated taking into account of evaporation, leakage and rainfall in the

pond.

The current water right to receive water in dry season is 861 m3/day for drinking and irrigation.

The water right is not enough to secure water demand in dry seasons, January to March, even

utilizing the storage pond of the capacity 80,000m3.  So, it is necessary to increase the water

rights to be 15,000 m3/day.

The possibility of the expansion of the water right shall be judged by checking whether the river

flow (minimum flow of 10 years return period), that is flow after water is taken for water rights,

sustain the past minimum actual flow or not.  It is found that even after water, that correspond

with the expanded water right and other water rights, is taken, the remaining river flow would

sustain over the past minimum actual flow as shown below.  So, it might be judged the water

right expansion to be 1,500m3/day will be possible.

Possibility of Expanding Water Right to be 1,500m3/day

Item (m3/day) (m3/hr) (m3/sec) Remark

Past minimum actual flow A 0.029 (15/3/1983)

minimum flow of 10 years
probability

B 0.086

Applied water right by
JKUAT

C 1500 0.017

Other water right D 0.024

Intake water by Juja City
water project

E 20 0.006 （Dec2000）

Remained river flow after
water taken

F=B-C-D-E 0.039 ＞A(0.029m3/sec)
F is over A, so the expanding water
right might be possible.
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10.　List of Collected Items

No. Name

1 Poverty Alleviation and Development of the African Region - AICAD - Improving the People's way of life

2 Proposal for the Establishment of African Institute for Capacity Development

3 Survey Map of Reservor Pond

4 Survey Map of Oxidation Pond

5 Survey Results of Water Analysis for Water Supply

6 Survey Results of Water Analysis for Sewerage

7 National Development Plan 1997-2001

8 Buildng Code

9 Code of Practice for the Design & Construction of Buildings & Other Structures in relation to Earthquakes (1973) 

10 Agreement and Conditions of Contract for Building Works

11 Fluctuation Clause Price List (Revised)

12 Environmental Managemnet and Co-ordination Act, 1999

13 The Customs and Excise Act

14 Cost Information Quarterly

15 National Poverty Eradication Plan�1999-2015

16 Kenya Human Development Plan 1999

17 Economic Survey 2000

18 Statistical Abstract 1999

19 Directory of Grantees and Fellows 1994-1997

20 ICIPE's Business Plan and Research Outlook 2001-2003

21 Annnual Scientific Report - ICIPE - 1998/99
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