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CHAPTER D9. TURKANA: SUB-PROJECT OF
INTRODUCTION OF SOLAR POWER SYSTEM IN WATER PUMP
FACILITIES INLODWAR WATER AND SANITATION COMPANY

D9.1 Outlineof the Sub-project

D9.1.1 General Outline of the Sub-project
The general outline of the sub-project is summarized below.

Table AD9.1.1 General Outline of the Sub-project of Introduction of Solar Power Pump System in
Lodwar Water and Sanitation Company (LOWASCO)

1. Objectives 1) toraise special fund that is to be exclusively utilised for repair and maintenance of hand
pumps in pastoralist communities as preparedness, accumulated from present water fee
collection system with reduced O/M cost of pumps

2) To improve financial condition of the water service providers with introduction solar
power pumping system, by reduction of consumption of fuel

2. Number of LOWASCO(5,300HH) and hand pump users in pastoralist communities
Beneficiaries
3. Implementation JICA ECoRAD Project, LOWASCO

Organization
4. Project Contents

1) Project Outline 1) Installation of solar power pumping system
2) Improvement of management system of LOWASCO for operation and maintenance| of

water facilities
3) Establishment of new management system for repair and maintenance of hand pump

2) Facility / Activity Facilities/Activities Implementator
1) Solar power system 1) Contractor
2) Borehole cleaning 2) Contractor
3) Provision of stand-by pump set 3) Contractor

4) Improvement of management system o#l) Project Team / LOWASCO / DWO
water service provider

5) Establishment of new system for 5) Project Team / LOWASCO / DWO
management of special fund
6) Monitoring 6) Project Team / DWO
3) Organization for | LOWASCO
O&M
4) Procurement 1.5 months from August to October, 2014
Period

Source: JICA Project Team

This sub-project aims at:

i) raising a special fund that was to be exclusively utilised for repair and maintenance of hand pumps in
pastoralist communities as preparedness, accumulated from present water fee collection system with
reduced O/M cost of pumps of water service provider, and,

i) improving financial condition of the provider with introduction solar power pumping system, by
reduction of electricity charges to the Kenya Power and Lighting Company Ltd. (KPLC) and consumption
of fuel for diesel engines.

D9.1.2 Basic Concept of the Sub-project

The current scarcity of water occasioned by drought and in any case failure of the anticipated rains might
have high negative impact on access to water for both livestock and human. Presently, the government is
responsible in undertaking some immediate actions, according to drought early warning bulletins. The
actions to be taken by rapid response teams includes 1) urgent repairs of malfunctioning water points,
2) procurement of fast moving spare parts for hand pump and genset, 3) provision of fuel subsidy to all
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motorized water points, 4) water tankering/trucking at water stressed areas, and 5) repair of all
government water tracks/bowsers to enable water tracking. Due to limitation of available fund, such
actions for emergency cases are not ensured at present.

However, such emergency measures that are undertaken only during the alert, alarm and emergency stage
are not able to solve vulnerability of the pastoralists' communities against drought. The most important is
"preparedness" during the normal stage before drought. Critical boreholes shall not be rehabilitated during
alert/alarm nor emergency stages, but be repaired in the normal stage (preparedness stage) as a routine
repair and maintenance works. Prevalent arrangement of the WUA for their management is collecting
membership fees for their financial source for a part of their operation cost, even though most of the
routine maintenance and repair works have depended on external supports. The maintenance and repair
works to be done during the normal stage include 1) repair of broken-down hand pump, 2) replacing parts,
such as rubber packing, cylinder, etc, 3) rehabilitation of broken-down borehole, and so on.

On the other hand, there are several water service providers in urban area in the County. The core business
of these providers is the provision of efficient and affordable water and sanitation services to the residents
of their areas of jurisdiction as defined in the service provision agreements between the providers and the
government (Rift Valley Water Service Board). They operate water sources mainly boreholes with diesel
engine driven motor pump. These providers also have hand pump maintenance service scheme without
any charge from the borehole management, utilising the water tariff collected from their water service
delivery. However, both providers have not been able to spare enough fund for borehole pump repairs
having a list of borehole with outstanding maintenance and rehabilitation issues.

A solar power pumping system needs high initial investment, but no operation cost is required and is
almost maintenance free, while a diesel generator’'s power pumping system requires continuous expenses
for fuel consumption. Total O&M costs of solar power pumping system are much lower than that of
pumps with genset. The solar system has a big economical advantage to reduce operation cost. On the
other hand, water fee collection will be continued at the same tariff of the present agreement, which will
result in producing surplus of funds. It is therefore expected that water service provider can have enough
operations fund for sustainable use of the pumping system. And the excess of such operation fund can be
diverted as a special financial source for the routine maintenance and repair cost in the pastoralists”
communiqués as the "preparedness" described above.

The concept of the sub-project is sketched below.

Pump with Genset Pump with Solar Power

=N -
Fund for Water Service Fund for Prepairedness
Providers against Drought
N 4 4 A» — /i’\
\ o 3
O&M Cost for Pumps and Repair and Routine

O&M Cost for Pumps and Gensets Gensets Maintenance of Hand
Pumps in Pastoralists’

Communities

Source; JICA Project Team
Figure AD9.1.1 Draft Concept of Sub-project of Improvement of Drought Resilience with
Introduction of Solar Power Pumping System to Water Service Providers
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D9.1.3 Plan and Design of Solar Power System

Following the purpose of the natural resources management in the project, the introduction of the solar
pump system at Lodwar Water and Sanitation Company (LOWASCO) was proposed LOWASCO

serves not only domestic water users in the area but also livestock in the county. Taking into consideration
the ECORAD target area, the providers included in this sub-project are listed below, and the location map

is shown in the below Figure AD9.1.2.

Regarding provision of new pump, existing pump in Borehole No.1A had been replaced with new pump
which was prepared for a stand-by pump in the initial plan; the existing pump was not a good condition in

terms of efficiency.

Table AD9.1.2 Scope of Upgrading Works for Water Facilities of LOWASCO

Site BH No.1A BH No.3 BH No.6
Installation of solar power system Yes Yes Yes
Borehole rehabilitation Yes Yes No
Provision of new pump Yes No No

Source: JICA Project Team
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Figure AD9.1.2 Location Map of LOWASCO Boreholes

Outlines of existing conditions of the proposed three boreholes are shown in the following tables.

Team

Table AD9.1.3 Data of Existing Pump System of LOWASCO Boreholes

BH No.1A BH No.3 BH No.6
Location
Total Depth of Borehole 18 m 21m 20m
Water Rest Level 4m - -
Existing Pump Grundfos SP46-12 Grundfos SP46-12 Grundfos SP17-20
18.5 kW 18 kW 11 kW
New Pump Grundfos SP46-7 11.0 kW - -
Year of Pump Installation 1984 NA 2005
Pump Setting Depth 13 m NA NA
Casing Size 8" 8" 6"
Riser Pipe size 4" 4" 3"
New Pump Discharge 49 ni/hr 60 m*hr 19mhr
Source: JICA Project Team
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Theproposed solar power system for the existing three boreholes in LOWASCO was planed and designed
as below.
Q) Equipment and Borehole Cleaning at Borehole No.1A

The solar panels and inverter system are adequately sized to power an existing Grundfos SP46-12 18.5
kW 3-phase submersible pump installed at site. The pump was connected to the existing main power
supply via a changeover switch between solar and mains power.

Technical specifications of the equipment to supply and install are as follows.

(i) Solar Panels

144 nos. 195 W, 24V, crystalline PV solar modules to provide a maximum of 28,080 W output and a
reserve capacity over the rated power requirement of the pump. Eighteen pieces each shall be wired in
series to provide the voltage requirement of the pump and 8 strings (of 18 panels each) shall be in
parallel.

(i) Inverter System/ Control Unit

The controllers Lorentz PS25K2 is used for converting the DC power from the solar panels into the
3phase AC power required to run the pump. It has an integrated MPPT (Maximum Power Point
Tracking) which maximizes power use from PV modules. The unit shall be housed in a damp proof
stainless steel enclosure. The controller is fitted with PS Data Modules which provides real-time and
stored information on key pump metrics. The data module can be used with a bluetooth connection
for contactless pump control, data monitoring and extraction to a Pump Scanner Android

Application.

(iif) Mild Steel Tower for Solar Panels

Four meter high mild steel support structure for mounting the solar panels designed to withstand
associated loads including wind loading.

(iv) Borehole cleaning — included:
a. Mobilization of the borehole truck, air compressor and personnel to the site in Lodwar
b. Pulling out of the existing borehole pump to allow installation of the flushing tools
c. Borehole cleaning including desilting and flushing of the borehole screens
d. Borehole camera inspection using an underwater borehole camera

e. Submission of report in disc form

(v) Installation —included:
Transport of equipment to the site,

a
b. Lifting of the existing pump from the borehole

o

Reinstalling the pump with the existing pipes

d. Erection of the 4 m support tower for the solar panels and positioning of the solar modules on
the structure.

e. Cable connections between existing pump controller, manual changeover switch and the solar
modules (within an assumed distance of 20 m from the pump house)

f. Commissioning and testing with water delivered to the surface
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2)

Equipment and Borehole Cleaning at Borehole No.3

The solar panels and inverter system were adequately sized to power an existing Grundfos SP46-12 18.5
kW 3-phase submersible pump already installed at site. The pump was connected to existing mains power
supply via a changeover switch between solar and mains power. Technical specifications of the
equipment to supply and install are as follows.

(i) Solar Panels

144 nos. 195 W, 24V, crystalline PV solar modules to provide a maximum of 28,080 W output and a
reserve capacity over the rated power requirement of the pump. Eighteen pieces each shall be wired in
series to provide the voltage requirement of the pump and 8 strings (of 18 panels each) shall be in
parallel.

(i) Inverter System/ Control Unit

The controllers Lorentz PS25K2 is used for converting the DC power from the solar panels into the
3-phase AC power required to run the pump. It has an integrated MPPT (Maximum Power Point
Tracking) which maximizes power use from PV modules. The unit is to be housed in a damp proof
stainless steel enclosure. The controller is fitted with PS Data Modules which provides real-time and
stored information on key pump metrics. The data module can be used with a bluetooth connection for
contactless pump control, data monitoring and extraction to a Pump Scanner Android Application.

(iif) Mild Steel Tower for Solar Panels

Four meter high mild steel support structure for mounting the solar panels designed to withstand
associated loads including wind loading.

(iv) Borehole cleaning — to included:
a. Mobilization of the borehole truck, air compressor and personnel to the site in Lodwar
b. Pulling out of the existing borehole pump to allow installation of the flushing tools
c. Borehole cleaning including desilting and flushing of the borehole screens
d. Borehole camera inspection using an underwater borehole camera

e. Submission of report in disc form

(v) Installation —to included:
Transport of equipment to the site,

a
b. Lifting of the existing pump from the borehole

o

Reinstalling the pump with the existing pipes

d. Erection of the 4 m support tower for the solar panels and positioning of the solar modules on
the structure.

e. Cable connections between existing pump controller, manual changeover switch and the solar
modules (within an assumed distance of 20 m from the pump house)

f. Commissioning and testing with water delivered to the surface
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Source: JICA Project Team
Figure AD9.1.3 Photos of Solar System in LOWASCO

3 Equipment and Borehole Cleaning at Borehole No. 6

The solar panels and inverter system were adequately sized to power an existing Grundfos SP17-20 11
kW 3-phase submersible pump already installed at site. The pump was connected to existing mains power
supply via a changeover switch between solar and mains power. Technical specifications of the
equipment to supply and install are as follows.

() Solar Panels

90 nos. 195 W, 24 V, crystalline PV solar modules to provide a maximum of 17,550 W output and a
reserve capacity over the rated power requirement of the pump. Eighteen pieces each shall be wired in
series to provide the voltage requirement of the pump and 5 strings (of 18 panels each) shall be in
parallel.

(i) Inverter System/ Control Unit

The controllers Lorentz PS15K2 is used for converting the DC power from the solar panels into the
3-phase AC power required to run the pump. It has an integrated MPPT (Maximum Power Point
Tracking) which maximizes power use from PV modules. The unit is to be housed in a damp proof
stainless steel enclosure. The controller is fitted with PS Data Modules which provides real-time and
stored information on key pump metrics. The data module can be used with a bluetooth connection for
contactless pump control, data monitoring and extraction to a Pump Scanner Android Application.

Source: JICA Project Team

FigureD9.1.4 Inverter System and Control Unit
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(i) Mild Steel Tower for Solar Panels

Four meter high mild steel support structure for mounting the solar panels designed to withstand
associated loads including wind loading.

(vi) Installation —included:

a. Transport of equipment to the site,

b. Lifting of the existing pump from the borehole
c. Reinstalling the pump with the existing pipes
d

Erection of the 4 m support tower for the solar panels and positioning of the solar modules on
the structure.

e. Cable connections between existing pump controller, manual changeover switch and the solar
modules (within an assumed distance of 20 m from the pump house)

f.  Commissioning and testing with water delivered to the surface

4) PS Communicator

All the controllers shall be supplied c/w a PS communicator that will facilitate far range control via GPRS.
The PS communicator combines with “Pump Manager” to offer cost effective full management and
monitoring system for your pump system. The PS Communicator sends data from the pump across the
cellular (mobile) data network to a secure central web server application called Pump Manager. The Pump
Manager application can be accessed from any web connected device anywhere in the world making
access to information and control of your solar pumps simple and convenient. As the connection is two
ways the pump can be programmed, speed controlled or switched off, providing full remote control. The
Pump Manager application also monitors the status of the Lorentz pumps systems and will alert the user if
there are any unexpected events.

(5) Stand-by Pump Unit

In the plan, one stand-by pump unit was included for use on either borehole 1A or borehole 3 in case of
broken down in near future. Then during installation, a pump at borehole No.1A was broken. Thus this
stand-by pump was immediately used at the site. The pump was a premium quality Grundfos SP46-7
centrifugal borehole pump made of stainless steel internal components with water lubricated rubber
bearings and pressure equalizing diaphragm.

The pump was directly coupled onto a sealed, liquid cooled 2-pole asynchronous 18.5 kW (25 HP) 3ph
DOL Grundfos electric motor.

D9.1.4 Economical Evaluation and Comparison for Total Costsfor 2 Systems

Solar power pumping system needs vast initial investment, but no operation cost is required and almost
maintenance free, while the existing pumping system requires continuous expense for power supply from
KPLC and fuel consumption of stand-by diesel generators during brownout period. Total O&M costs of
solar power pumping system are much lower than that of existing pumps. The solar system has big
economical advantage to reduce operation cost. On the other hand, water fee collection will be continued
at the same tariff of the present agreement, which will result in producing surplus of fund. It is therefore
expected that water service provider can have enough operation fund for sustainable use of the pumping
system. And an excess of such operation fund can be diverted to a special financial source for the routine
maintenance and repair cost in the pastoralists' communiqués as the "preparedness".

Tariff of power supply form KPLC is complicated and duration of brownout is subject to various
conditions in Lodwar Town. In the evaluation, the following conditions and assumptions are applied.

1) Pumps run for 24 hours a day and 7 days a week

2) Solar power system runs for 10 hrs a day
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3) Power supply cost is Kshs.16 per kWh, rising at a rate of 1% per year
4) Annual running cost for solar system is assumed at Kshs.20.000, rising at a rate of 10% per year
5) Life of both systems is assumed at 10 years
6) Energy costs calculated with the following conditions
Table AD9.1.4 Conditionsfor Energy Cost Calculation

Pump and M otor Conditionsfor Cost Calculation
BH-1A and BH-3 | 1) Power absorbed at pump shaft, P2=17.3 kW which translates to 93.5% loading|on
(18.5 kW motor) motor
2) Efficiency at 100% load 82.8% therefore efficiency at 93.5% by interpolation =
82.97%
3) Power absorbed by the motor from the power supply, PIEBR285 kW
4) Energy CostsE =cxhxP

BH-6 1) Power absorbed at pump shaft, P2= 10.2 kW which translates to 92.73% loading on
(11 KW motor) motor
2) Efficiency at 100% load = 82.7% therefore efficiency at 92.73% by interpolation =
82.4%

3) Power absorbed by the motor from the power supply, PI}FP22.38 kW
4) Energy Costs, E=cxhxP

Source: JICA Project Team

The calculation of cost saving is shown in Table BD9.1.1, and summarized below.

Table AD9.1.5 Summary of Economical Evaluation for 3 Pumping Systems

(Unit: Kshs
Description BH-1A BH-3 BH-6
Supply and installation of solar power system 4,654,281 4,654,281 3,298,925
Annual energy cost without project 2,915,328 2,831,232 1,737,984
Annual energy cost with project 1,943,552 1,887,488 1,158,656
Annual cost saving 971,776 943,744 579,328

Remarks: Supply and installation cost exclude related cost such as borehole cleaning and monitoring system, etc.
Source: JICA Project Team

As shown in the above table, total savings on cost of solar power pumping system is about 30% of the total
amual energy cost without the project condition. It is also concluded that initial investment cost recovery
(pay back period) is estimated theoretically to be within about 3-4 years.

D9.2 Sub-project Activities

D9.2.1 Agreement between County Government and LOWASCO

The general concept for the proposed plan had been discussed since March 2014 with Turkana County
Government, LOWASCO and DWOs. However, an agreement needed more discussion to decide
concrete plan and rules, such as 1) who will manage the fund, and 2) how the fund will be efficiently
utilized. The discussion, detailed planning and engineering design continued from March to June 2014,
and Memorandum of Understanding (MOU) was signed between Turkana County Government and
LOWASCO with witness of the project and water office on 23rd June, 2014 (refer to Attachment D9-1).

D9.2.2 Supply and I nstallation Works of Solar Power System

The contract for supply and installation of the solar power system was signell Andifst 2014 with
Davis & Shirtliff, and the contractor commenced preparatory works in Nairobi in August 2014. In Lodwar,
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LOWASCO also started preparatory works on site including ground preparation and arrangement of stock
pile of solar panels and related materials.

Then the contractor has installed 3 solar system at Borehole No.1A, 3, and 6 successfully by middle of
October 2014. These systems started their operation as soon as the facilities were installed. The
monitoring system with internet and Bluetooth devices are operated at the same time.

D9.2.3 Technical Training of LOWASCO Staff

In December 2014, five LOWASCO officers were invited to Davis & Shirtliff in Nairobi, and had a
technical training course for solar system for 5 days.

In the training, the following topics were included. All the trainees absorbed all the necessary knowledge
in term of solar system in those 5 days.

- Theoretical basic knowledge of solar system
- Diagnostic skill for mechanical troubles
- Actual repairing skills

- Monitoring method of solar system
D9.3 Resultsand Observation

D9.3.1 Evaluation of Saved Expenditure

At each solar system, the monitoring device with electric data logger system was equipped. By the

monitoring system, various items can be monitored, such as operation hours, power consumption (kWh),

current and voltage generated by solar system, current discharge of water pumped up, irradiation, etc. The
Project Team collected the data from the monitoring system and evaluated the operation of the solar
system. Since the monitoring work is in a middle of the course and there are still several unclear matters in
the monitoring system, monitoring results which had been collected and analysed so far was shown

below.

The following table is a result of power consumption in October — December 2014, and the detail data is
given in Figure BD9.3.1.

Table AD9.3.1 Total Power Consumption by Solar System

(Unit: kWh)
BH 1A BH 3 BH6 Total
(a) Actual* 5,848 5,715 1,452 13,016
(b) Expected** 11,692 9,768 5,720 27,180
Difference (%) = (a)/(b) 50% 59% 25% 47.9%

* Actual: Power consumption was calculated based on the actual record of operation hours of solar system in the
monitoring system.

**Expected: Power consumption was calculated based in the assumption operation hours, i.e. 8 hours/day.
Source: JICA Project Team

According to the data above, it was found that actual usage of solar system was only a half of the expected.
There are several possibilities of the causes of such ineffectiveness.

The Project Team is trying to figure out the reason and cause in the system, and to rectify the problems.
So far the following matters are pointed out:

- The installed solar system in the Project should be switched off and the KPLC electric system
switched on manually by the operator. Since the operators were instructed to turn on at 8:00am and
turn off at 5:00pm, it seemed that the solar systems was not turned on/off properly within the
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instructed time according to the monitoring records. The solar systems were sometimes turned on at
10:00-11:00am and switched off before 5:00pm always. In the records, it was observed there were a
lot of non-operational days in which the solar system did not turned on at alll.

- Through interviews with pump operators, it was established that they believed that solar system has
less power than KPLC power supply. Thus they hesitated to turn-on at the time when the sun is not at
good position for generating power. But this still could not explain why they did not operate the
system for a whole day.

- There was mis-recording in the monitoring system sometimes, by PS communicator, of operational
hours and other data. It was a fact that the Project Team experienced some recording trouble during
detail observation works. It was transmission problem in which the internet monitoring system was
down and current conditions of the solar system could not be monitored for several days.

To give incentive to LOWASCO to reduce KPLC's excess electricity bill due to the above mentioned
human-error, the 3 parties, the county government, LOWASCO and JICA team, discussed and agreed that
amount of refund money from LOWASCO to the county government was set at Ksh.900,000 per year as a
fixed rate no matter how much LOWASCO decreases the KPLC's electricity bill (refer to Attachment
D9-2).

D9.3.2 Fund Raising for Existing Borehole Maintenance

One of main objectives of the Sub-project was to establish a fund raising system from LOWASCO's solar
pumping system for maintenance of existing water facilities.

In Turkana, the project installed three sets of the solar power system in boreholes controlled by the
Lodwar Water and Sanitation Company (LOWASCO). Due to the installation of the solar system,
LOWASCO's electricity bills were decreased. Consequently, the company could save some sort of
operation costs. Based on an agreement which was made between LOWASCO and the county
government, assisted by the project, a part of such benefit from the solar power system would be
transferred and used in the repairing and maintenance activities by the county government on the
existing boreholes.

Payment for the half-year, from November 2014 to April 2015, an amount of kSh450,000 was paid by
LOWASCO to the Diocese of Lodwar who have a maintenance contract with the county government.
Such financial support from LOWASCO to the county government in terms of borehole repairing is
expected to be continued for the next 15 to 20 years.

Source: JICA Project Team

Figure AD9.3.1 Photo of Fund Transfer Ceremony at Turkana
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D9.4 LessonsL earnt and Recommendation

From the experiences of the Project, following lessons learnt and recommendation were pointed out.

In Northern Kenya, where sunny days are dominant throughout the year, it is a suitable place for
utilisation of solar power system. The strength of radiation is also suitable for the system in this
region. Furthermore, the recurrent drought, which is known as the biggest risk to life in
Northern Kenya, is a preferable condition for a solar power system. It means that the solar
power system is quite a rare system which can convert the negative impact of drought into a
useful power source for the humanity.

In Turkana, Lodwar Water and Sanitary Company (LOWASCO) was selected as a counterpart
entity for the sub-project activity. The following points were noted as advantages in
comparison with the case in Marsabit where the solar power pumping systems were installed in
community boreholes managed by communal water users’ associations:

a) Water fee collection system in LOWASCO had been established before the sub-project
implemented. Thus there were no any problem of water fee collection technically, and
water fee collection had been made smoothly.

b) Since education level and capability of staff in LOWASCO were much higher than that of
communal water users’ committees, technical training for solar power system was easily
accepted by the staff.

c) In LOWASCO, there was a certain financial audit system by the county government.
Thus there was low possibility of misappropriation of money which was saved by the solar
power pump system.

In the installed solar power systems, the power source had to be switched manually, by a pump
operator, from Kenya Power and light Company (KPLC) power source to the solar power
modules. The operator did not sometimes did not change the power sources in proper timing
in the morning, then KPLC electricity power source was used even under very fine weather
condition. This was Yy reflected in the KPLC’s high monthly bill.. In order to avoid such
human error, an automatic power source changing system is recommended to be applied in
future if funds are available.

In the Project, PS communicator (a remote monitoring and information system via internet) was
installed as a trial for verification of its function. However it was found that there were a lot of
errors during operation and monitoring period in this PS communicator system. It was therfore
decided that this information system cannot be recommended for use for monitoring purpose in
the facilities.
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10 Rest of the Assessment  gen.< 2% CL,C,t-cr-C ve D - D, oc|S 20mm >2600mm 8,-G Range
Study area Rating G ge P G P P F P 2 1 4 5 Low
Abbreviation G: Good C: Clay D: Deep S: Sheet Range: Good:2 | Low: -5
F: Fair L: Loam S: Shallow erosion | Rangeland Fair: 1 | Middle: 6 - 8
P: Poor S: Sand ov: over, ve: very G: Gully uu: under- Poor: 0 | High: 9 -
gen.: cr: cracking | m: moderately erosion -utilized
generally oc: occasionary
va: variously
Note:
*1: Areas 1 to 6 are derived from original report.
*2: Runooff is estimated at 10% of MAR (Mean Annual Rainfall).
*3: Suitablity Rating by No. and point is done by the JICA Project Team.
*4: Evaluation is done by the JICA Project Team.
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Unit Hurri Hills Hedad Remarks
(1) Grazing Area around a water pan
Moving distance km/day 10.0 10.0 a (assumption)
Interval of waterting days 2.0 2.0 b (assumption)
Max. radius for grazing around water pan km 10.0 10.0 c=a*b/2
Grazing area around a water pan sq.m 314,000,000 314,000,000 d=(c*1,000"2*3.14
ha 31,400 31,400 e =d /10,000
Utilization rate for conservation of pasture % 100% 100% f (assumption)
Effective grazing area ha 31,400 31,400 g=e*f
(2) Datafor Grazing Area
Required area for grazing per 1 cattle ha/head/ i days 0.8 1.1 h (assumption)
Grazing days days 85.0 75.0 i
Required area for grazing 1 cattle for 2months* ha/head/2month 0.6 0.9 j=h*60/i
;‘;’Zﬂg%ﬁ‘pﬁg g‘a‘;”f‘gf; olivestock to be heads/2months 55,604 35,682 k=g/]
(3) Required Water
Unit water requirement per head liter/head/day 16.4 16.4 | (assumption)
Water requirement for consumption cu.m for 2 months 54,715 35,111 m=k *1/1,000
(4) Loss by evaporation and Percolation
Average depth of water pan m 25 25 n (assumption)
Surface/bottom water area m2 21,886 14,044 o=m/n
a) Percolation mm/day 5 5 p (assumption)
m/day 0.0050 0.0050 g=p/1,000
cu.m/day 109 70 r=0*q
cu.m2month 6,566 6,320 s=r* (30*3)
b) Evaporation mm/year 2,200 2,200 t (assumption)
mlyear 2.20 2.20 u=t/1,000
cu.mlyear 48,149 30,898 v=o0*u
cu.m2months 8,025 7,724 w=Vv* (3*12)
c) Total loss cu.m/2months 14,591 14,044 y=s+w
Total Capacity of Water Pan cu.m 69,305 49,155 z=m+y

* Note) Assumption: A water pan can keep water for 2 months.
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ANNEX D Sub-Project - Natural Resource Management

Table

TableBD6.2.1 VES Results and I nterpretation (1)

pom

Depth to S
No Sie Village name Location Expected R.eS'S“V'ty Expected formation Remarks
Code Formation (m) in Ohms
(2)
0-63 59.9 |Loam sois : - Well defined aquifer 40-120m
" " 6.3-33.0 19.0 |Fractured volcanics
1 N1-2 |Kaabiikeret Miimatatu B . . - Good recharge
33-130 6.8 Highly weathered/fractured volcanics (aquiferous) . Groundwater potential medium to high
Below 130.0 15.0 |Weathered to fresh volcanics P 9
0-23 162.1 [Sandy top soils
23-81 23.7  |Alluvial sands - Well defined aquifer 40-80m & 100m
2 N2-2 | Lokwakel Miimatatu 8.1-21.0 14.0 |Weathered volcanics - Good recharge
21-120 20.0 |Highly weathered volcanics - Groundwater potential medium to high
Below 120.0 9.9 Weathered volcanics/ clays
3%:3;2 1 2;33;0 g;);:(’g;‘llﬁb soils + Deep weathering
3 N3-2 | Ngaukon Kangakipur it : ’ P ) - Well defined aquifers 40-80m & 100-120m
16.1-82.0 15 Weathered volcanics - Groundwater potential medium to high
Below 82.0 5.2 Fractured volcanics P 9
0-25 26.0 |Loam soils . Good recharge
25-64 7.1 Alluvial sands . .
4 N4-1 | Kaituko Kanakurdio 6.4-26.0 5.0 Weathered volcanics ’ Sh.allow aquifer 16-30m and deep aquifer 63-1
. ) ’ - Thick clays beyond 100m
26.0 - 100 13.0 [Highly weathered volcanics (aquiferous) . Groundwater potential medium
Below 100.( 4.7 Decomposed base P
0-25 53.0 |Top sity soils
25-51 25.0 |Alluvial sands - Deep weathering
5 W1-1 | Natwol Lokichoggio 51-16.2 38.0 |Compact sediments - Good recharge
16.2 - 82.0 9.1 Highly weathered/fractured volcanics (aquiferous) |- Ground water potential medium to high
Below 82.( 17.C Weathered to fresh basen
0-25 300.0 (Top soils . .
25-10.0 629  |Loose sub sais i;\:,lg:l defined aquifers 25-40m, 63-80m & 100-
6 W2-2 | Nakeruman Lokichoggio 10-34.0 40.0 [Weathered volcanics 5 . 5
R . - Groundwater potential medium-high
34-280.0 91.0 |Relatively fresh volcanics . Good recharge
Below 80.0 50.0  |Highly weathered/fractured volcanics (aquiferous) 9
0-33 570.0 |Sandy top soils . Deep weatherin
. . 3.3-20.0 45.0 |Loose sediments P 9
7 W3-1 | Oropoi Oropoi ; - Good recharge
20-110 920 |Aluvial sands - Ground water potential medium-high
Below 110.0 240.0 |Weathered to fresh basement P 9
0-32 101.0 |[Sandy soils . Deep weatherin
32-82 21.0 |Weathered sediments ) oodprechar o 9
8 W4-3 | Loreng Kakuma 8.2-20.0 48.0 |Compact sediments g g
) - stable formation
20-84.0 36.0  |Aluvial sands - Groundwater potential medium-high
Below 84.0 5.0 Decomposed volcanics/clays P g
0-24 30.0 |Loam sois . Deep weathering
9 | W51 |Nakoros Kakuma 24-120 €8.0|Compact SEdlmemS - Good recharge
12-101.0 90 Saturated sediments - Ground water potential medium-high
Below 101.0 18.0 _ |Weathered to fresh volcanics P 9
0-25 49.0 |Sandy over burden - Deep weathering
25-51 120.0 |Compact sediments - Shallow aquifer 25-40m
10 | W6-4 | Kokurio Loritit/Oropoi 5.1-33.0 9.9 Weathered sediments - Deep aquifer 60-110,
33-125.0 21.0 |Saturated sediments - Good recharge
Below 125.0 34.0  |Weathered to fresh volcanics - Groundwater potential medium-high
0-19 11.0 |Top sity sois
19-6.4 7.3 Weathered sub-surface soils .
. - Deep weathering 32m
- . 6.4-21.0 3.2 Alluvial sands
11 C1-1 | Kangirisae Kerio . - Excellent recharge
21-500 43.0 |Compact sedments - Ground water potential medium
50 - 110 30.0 |Highly weathered/loose sediments (aquiferous) p
Below 110.( 101.C__|Weathered to fresh basi
0-25 380.0 [Sandy soils . Good recharae
25-64 12000 | Compact sub-surface sois - Crystaline Iirr?estones that could compromise
12 C2-2 | IDP camp Central 6.4-45.0 4.8 Alluvial sands watgr Lalit P
45 - 100 75 Highly weathered sediments(aquiferous) High qrounyd water potential
Below 100.0 78.0 _ |Weathered to fresh basalts ang P
0-21 198.0 |Top sitty soils
21-52 145.0 [Highly weathered sub-surface soils - Well defined aquifers 25-40, 63-130m
13 C3-3 | Natapar Angidomou| Eliye 52-33.0 220.0 |Aluvial sands - Medium-high groundwater potential
33-130 440.0 |Weathered sediments (aquiferous) - Area needy
Below 130.0 1200.0 |[Weathered to fresh basalts
0-19 11.0 |Top sity sois
19-6.4 7.3 Weathered sub-surface soils .
. - Deep weathering 32m
. 6.4-21.0 3.2 Alluvial sands
14| C4-1 |Losagam Kerio . - Excellent recharge
21-500 43.0 |Compact sedments - Ground water potential medium
50 - 110 30.0 |Highly weathered/loose sediments (aquiferous) p
Below 110.( 101.C__ |Weathered to fresh basi
0-40 67.0 [Sandy soils
4.0-25.0 4.1 Alluvial sands - Well defined aquifer 63-100m
15 C5-3 | Chokchok Central 25-55.0 75 Compact sediments - Good recharge
55 - 110 3.6 Highly weathered sediments (aquiferous) - Groundwater potential medium
Below 110.( 12.C Weathered to fresh basi

Source: JICA Project Team

Nippon Koei Co., Ltd.

The Project for Enhancing Community
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ANNEX D Sub-Project - Natural Resource Management

Table

TableBD6.2.2 VES Results and I nterpretation (2)

True
PEFNE Resistivity
No |Site code Village name Location expgcted in Ohms Expected formation Remarks
formation (m) @
0-33 329.0 [Sandy top soils . .
33-250 | 380 |Aluialsands EZ':;";ZZ,?;EESM site
16 L1-1 |Kakromosing Lokiriama 25.0 - 60 27.0 |Highly weathered volcanics . Good recharge
60 - 100 55.0 |Highly weathered/fractured basement (aquiferous - High groundwater potental
Below 100.0 34.0 |Decomposed basement
- Luxuriant acacia
0-31 197.0 |Sandy top soils - Fractured basalts
. 31-133 23.8 |Weathered volcanics - Deep weathering 32m
e L2-4 | Lotio Urum 13.3-70.0 17.0 [Saturated weathered volcanics - Deeper aquifers 63- 100m
Below 70.0 60.0 |Weathered to fresh volcanics - Good recharge
- Groundwater potential medi
0-21 700 Loose sandy sols - Well defined aquifers 32-100m
Kalokutany N 2.1-13.0 510.0 Compact §and sediments . Excelent recharge
18 L3-1 Lorengippi 13.0-32.0 230.0 |[Moist alluvial sands -
/EreAmoru Arengant o p - Ground water potential high
32.0 - 100 50.0 |Saturated sediments (aquiferous) . Community proposed site
Below 100.! 80.C_ |Weathered to fresh basenr
0-21 38.2 |Overburden
21-50 67.0 |Weathered gneisses - Deep weathering
19 L3-4 |Lokiriamet Lorengippi 5.0-20.0 25.0 |Highly weathered gneisses - Good recharge
20.0 - 64.0 34.0 |Fractured gneisses (aquiferous) - Groundwater potential medium - high
Below 64.0 140.0 _|Weathered to fresh Basement
0-25 126.0 |Loam soils
25-6.6 49.0 |Sub soils - Well defined aquifer 40-80m only
20 L4-6 |Kaidir Namoruputh 6.6 — 22.0 76.0 |Compact basalts - Good recharge
22-82.0 37.0 |Highly weathered/fractured volcanics (aquiferous)|- Groundwater potential medium-high
Below 82.0 110.0 |Fresh Basement
0-33 74.9 |Top sois .
3.3-11.0 28.0 |Weathered sub-surface soils a?;lng‘gﬁ‘::;rgg?egr ;(())r-nSZm
21 S1-3 | Lochor Edome Lokichar 11.0 - 34.0 56.0 |Highly weathered gneisses . Good recharge
34-90 150.0 |Weathered/fractured basement (aquiferous) . Medium ground water potential
Below 90.( 240.C _ |Weathered to fresh baserr
0-41 220.2 |Top sandy soils - Deep weathering 20m
. . 4.1-22.0 19.0 |Alluvial sands - Fractured gneisses
z 525 | Kakali Lokichar 22 -53.0 36.0 |Highly weathered/fractured gneisses (aquiferous) |- Good recharge
Below 53.( 166.( _ |Weathered to fresh Basem - Medium-high groundwater poten
0-21 40.0 |Top sitty soils .
21-52 88.0 |Compact sub-surface soils Erae\l/((:)truarslz zti:aa:rfglees
23 S3-1 | Lolupe Lochwaangkamatak| 5.2-21.0 38.0 |Weathered gneisses . Good recharge
21-64.0 65.0 |Slightly weathered basement (aquiferous) . Ground water potential medium
Below 64.0 280.0 |Fresh Basement System
0-20 280.0 |Sandy top soils
2.0-8.0 188.8 |Alluvial sands - Well defined aquifer 20-100m
24 S3-4 | Loreng Lochwaangikamatak| 8.0 —25.0 70.0 |Weathered sandstones - Good recharge
25-110 95.0 |Saturated sediments (aquiferous) - Medium groundwater potential
Below 110.0 510.0 |Weathered to fresh basement
0-25 62.0 |Top sitty soils
25-6.3 49.0 |Weathered sub-surface soils - Well defined aquifer 20-80m
25 S4-2 | Nakejuamosing Lochwaangikamatgk 6.3 — 25.0 32.6 |Weathered gneisses - Fractured gneisses
25-90.0 27.8 |Highly weathered basement - Groundwater potential high
Below 90.( 130.C |Weathered to fresh basenm
0-32 590.0 |[Sandy top soils " §
32-81 66.6 |Weathered sub-surface soils \(IBVOeOII ddreefst?:rsguﬂers 16-50m & 80-100m
26 S5-1 | Ngimamki Lochwaangkamatak| 8.1 - 19.0 24.0  |Aluvial sands . . .
. . - Ground water potential medium-high
19.0 - 50.0 29.0 |Highly weathered basement (aquiferous) . Proposed site by community
Below 50.0 240.0 |Weathered to fresh basement
0-27 325.0 |[Sandy top soils
2.7-10.1 52.6 |Weathered sediments 203:;8;2&1?;”1
27 E1-3 |Lopi Lokori 10.1-50.0 38.0 |Aluvial sands a - o .
. . - Massive volcanics beyond 100m
50 — 130.0 17.0 |Highly weathered volcanics . Groundwater potential low-medium
Below 130.0 30.0 |Weathered to fresh basalts
0-31 119.8 |Lateritic soils . Good recharge
28| E2-2 |Kaaruko Lokori 81-220 | 700 \Weathered vokanics - Well defined aquifers 25-40m & 63-90m
22-100 25.0 |Highly weathered volcanics(aquiferous) . Groundwater potential low-medium
Below 100.0 78.0 |Weathered to fresh basalts

Source: JICA Project Team

Nippon Koei Co., Ltd.

TD -4
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ANNEX D Sub-Project - Natural Resource Management

Table

TableBD6.3.1 Results of Water Quality Analyses

CHEMICAL TESTS (ANIONS) CHEMICAL TESTS (CATIONS)
SAMPLING SITE
No NAME AL;g[IABIIITY CHLORIDE FLUORIDE SULPHATE NITRATE NITRITE CALCIUM MAGNESIUM IRON MANGANANESE]|
(Mgl Cacoy (Mg/L Cly (MglL F) (Mg/L SO, (Mg/L NO3) (Mg/L NO,) (MglL Ca) (Mg/L Mg) (MglL Fe) (Mg/L Mn)
1 |Lokwakel 872 152 1.15 140 0.26 0.007 72.0 27.84 0.06 0.002
2 |Kaituko 2304 330 1.01 240 0.70 0.053 8.0 10.56 0.43 0.102
3 |Natwol 708 20 0.43 3 0.64 0.003 60.8 ND 0.24 <0.001
4 |Nakeruman 432 62 0.00 0 0.0 0.034 38.4 42.24 0.01 0.500
5 |Ngasoge 476 12 0.52 1 0.52 0.002 19.2 18.24 0.14 <0.001
6 |Nakarimon 408 34 1.10 14 0.18 0.002 27.2 24.96 0.18 <0.001
7 |Nakoros 604 30 0.93 40 0.86 0.012 9.6 24.96 0.08 0.003
8 |Kokurio 448 68 1.16 5 0.14 0.003 6.4 ND 0.23 <0.001
9 |Kangirisae 368 1700 1.08 925 0.31 0.017 28.8 ND 0.16 0.019
10 |Losagam 968 980 0.97 570 0.18 0.013 19.2 1.92 0.04 0.010
11 |Chokchok 668 564 1.01 325 1.10 0.023 9.6 12.48 0.05 0.002
12 |Kakromosing 884 34 0.57 80 0.01 0.006 38.4 15.36 0.00 0.009
13 |Lotilo 436 78 0.77 96 0.32 0.008 11.2 2.88 0.03 0.018
14 |Kalokutany 356 16 0.52 2 0.01 0.016 16.0 60.48 0.05 0.100
15 |Lokiriamet 468 10 0.40 8 0.02 0.017 25.6 26.88 0.02 0.400
16 |Kaidir 480 1044 0.62 310 0.18 0.005 17.6 38.40 0.20 0.046
17 |Lochor Edome 780 54 0.90 82 0.02 0.032 96.0 ND 0.30 0.300
18 |Kakali 660 30 0.99 13 3.20 0.009 20.8 25.92 1.08 0.040
19 |Lolupe 664 16 0.46 23 0.01 0.030 49.6 30.72 0.24 0.040
20 |Nakejuamosing 460 16 0.41 17 1.02 0.001 11.2 50.88 0.21 <0.001
RECOMMENDED
STANDARDS (KEBS) = 250 15 400 50 0.3 150 100 0.3 0.5
WHO Standards 500 250 i85) 450 50 0.1 100 100 0.3 0.1
European Union - 25 L5 250 50 0.1 100 100 0.3 0.1
PHYSICAL TESTS HEAVY METAL | OTHER PARAMETER
No SAMPLING SITE TURBIDITY SU.IS-SETI\)IAIID-ED DS EC TOTAL ARSENIC ToTAL
NAME pH HARDNESS
(NTU) S(,a:f)s (MglL) (nS/cm) COLIFORM (MgIL As) (MglLCacoy
1 |Lokwakel 2.07 1 1156.3 7.4 1865 ND ND 296
2 |Kaituko 6.70 4 3713.8 7.4 5990 ND ND 64
3 |Natwol 0.40 <1 688.2 7.3 1110 ND ND 148
4 |Nakeruman 0.54 <1 495.0 7.7 976 ND ND 272
5 |Ngasoge 0.30 <1 488.6 7.0 788 ND ND 124
6 |Nakarimon 0.30 <1 492.9 7.6 795 ND ND 172
7 |Nakoros 0.20 3 689.6 7.2 1080 ND ND 128
8 |Kokurio 0.20 <1 607.6 8.1 980 ND ND 8
9 |Kangirisae 8.50 5 3552.6 7.5 5730 ND ND 44
10 [Losagam 2.71 3 4330.7 7.8 6985 ND ND 56
11 |Chokchok 2.46 <1 1705.0 7.7 2750 ND ND 76
12 |Kakromosing 0.22 <1 995.1 7.4 1605 ND ND 160
13 |Lotilo 0.27 <1 760.1 7.9 1226 ND ND 40
14 |Kalokutany 1.03 <1 288.0 7.5 712 ND ND 292
15 |Lokiriamet 1.02 <1 364.8 7.6 912 ND ND 176
16 |Kaidir 0.33 <1 4464.0 7.8 7200 ND ND 204
17 |{Lochor Edome 1.13 <1 751.6 7.6 1879 ND ND 228
18 |Kakali 0.20 <1 782.4 7.3 1262 ND ND 160
19 |Lolupe 1.25 <1 560.0 7.7 1400 ND ND 248
20 |Nakejuamosing 0.60 <1 503.4 7.1 812 ND ND 240
RECOMMENDED
STANDARDS (KEBS) 5.0 15TCU 1000 6.5-8.5 © = 0.01 300
WHO Standards 5.0 5 1500 6.5-8.5 2500 = 0.05 500
European Union 4.0 20 1500 - - - 0.05 -
WHO Standards Source: Appendix 2.10, Ewaso Ng'iro North Catchment Area June, 2008
Euwopean Union Standards source : Based on Table 6.1, in Twort, Law & Crowley, 1985
Source: JICA Project Team
Nippon Koei Co., Ltd. TD -5 The Project for Enhancing Community

Resilience against Drought in Northern Kenya
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No

BH site

Sub-L ocation

1. Distance from
the nearest
parmanent
settlement

2. Distance from
the nearest
temporary

settlement during|

use

4. No. of be

neficiaries

3. The number of
temporary
settlement that us|
the BH water

herds (no.
of animals)

e

domestig
(HH)

58
Representatio|
from the WUA

to the
DMC/DC

6. WUA having

experiences o

managing othe
BH

5

7. Organisation

7-1.
Conmittee
was formed

Informal
WUA
committee

appointed
responsible
persons but ni
committee

assigned
\watchman/
Je

guards

assigned
operator

7-3. roles of the appointed persons and how to
opeate

Nasogae

Oropoi

13-15 km

1Km

70

10000

70-100

NO

Yes

To ensure proper usage of the borehole. To resol
conflicts arising during use. To regulate the use of|
borehole(watering of livestock) and domestic use
Setting rules and regulation governing borehole u
Reporting of any technical problem.

e
the *

v'9ddslgeL

o

Nakalimon

Loreng

2 km

2 km

10

1000

1q

NO

To ensure that boreholes around the area are

operational. To ensure proper use of the borehole.

Ensuring that every year the borehole is registere
under the maitenance body. Reporting of technicg
problem to relevant people. Setting rules and
regulations on borehole use.

O JoArewwns T

Nakoros

Morungole

0.5-1 km

5-8km

50-70

5000

50-70

NO

NO

They ensure that there is proper use of the boreh
They regulate the watering of livestock and domes|
use e and resolve conflict arising from borehole u
They report to relevant people when there is a
technical problem.

© 0@

Natwol

Lokichoggio

10-12 km

6-8 km

30

10000

30

No

NO

To regulate the use of borehole by livestock and

humen. To oversee general use of the borehole. T
rules and regulations governing use of the boreho|
Reporting of any technical problem to the concer

73
(]

MBIAJBIU | 3reuUosan

@ @
o ¢

Nakeruman

Lokariwon

16-20 km

10-15 km

20000

10

NO

NO

Governing the use of the borehole. Ensuring propj
useand operating. Regulating the use of the bore
by various households. Train people on howto us
instead of misuse. Reporting any problem to CDC|
further action.

- 2=
-~

for

Kaituko

Kaeris

18-20 km

0.5-1 km

50-60 HH

3000 sho

5?_ﬁ_|€)-60

No CDC since|
it was not a
pilot sub
locatior

they ensure that there is proper use of the borehg
And water their livestock sytematically

o

Lokwakel

Milima Tatu

25 Km

7 Km

120

4000

12Q

Yes, 3
members

Ensuring timely registration with the diocese.
Cugodian of WUA money. Ensuring proper use of
borehole. Reporting any technical breakdown to
diocese.

>
[

Kangirisae

Kangirisae

15 Km

1Km

50-100

3000

50-100

No

They are incharge of day to day supervision of the
borehole. To ensure that the water trough is ¢

Losagam

Kerio

10-15 km

1Km

15

500

15

Yes, 1 memb

r No

Supervising borehole operation. Contribution of
registration fee. Reporting of mechanical problem
relevant authorities. Collection of fee. General
incharge of the borehole. Locking of the borehole
ensure proper us

-
o

(#/T) 1usWwabeue N 8j0ysJ0g UO 1|NSey

and
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8. 0&M

f8-3. Maintenance when th|
O

e 8-4. repairing work|

8-5. Further plan for O&M and

No BH site H i = - i - i i
-, el |- PSR- EEiilee]) | B2 BETLYEEe Sk MEEEEs BH is not in use (including done (problem and management for sustainable use of the
problem problem BH X .
security) who repair) BH
| Washing of the water trough was There is monthly contribution of Ksh.
The water trough is|. .. . . . 50 per house hold for future
. initiated recently after the JICA tegi@hecking technical hitches| . . . .
s [Nasogae None left dirty and nobody . " .~ N . . None registration. The borehole is registergd
sinsitizing about hygiene and Locking when not in use. A X
bothers to clean. . with the diocese of Lodwar for
sanitation. " ¢
maintenance and repair.
The borehole
was found not Washing of the water trough daily | Yes, we have planned and decided that
s | Nakalimon |pumping water.|None Ensuring the tap is locked after useLocking None every household should be contributifjg
The handle is to avoid misuse. Kshs. 50 a month for future O&M.
loose
Slnpe it ws not yet in use (at the ti %hen not in use it should He We p!an Fo be having monthly
of interview), there was no daily cale contribution per household to ensure
. ocked and every . L
but rules have been put in place. . ther are no problems of registration i
s | Nakoros None None commmunity member None ;i
Every household should be ready to . future. We also want to appoint two
. should be responsible to R R
contribute Kshs. 50 towards : . people who will be incharge of the
. . ) " ensure there is no misuse |
registration with the diocese. management of the borehole.
There has been a
The handpump {problem in
loose, water  [collecting fee No, because the borehole is not ir| . Fencing of the borehole and monthly
s [ Natwol . Locking the borehole None -
cannot be because of use and the place is deserted. contribution
pumped insecurity and
migration.
It is always locked when not
L in use (Nakeruman is not Plans are in place to fence it and chafge
No, Because it is locked and the area ) -
s [Nakeruman | None None . X X secure for the moment but{None fifty shillings per household but we haje
is deserted due to insecurity . R -
we plan when people migrate not implemented because of migratioff.
back to be locking after usg.)
since there is no handpump
. . " . to we advise the people us|ip repair work has
s | Kaituko No technical pr{none Daily washing of the water trough |. X No further plan.
it to ensure that water is nqever been done
contaminate
We are planning to mobilize the
. community on monthly contribution fo|
s | Lokwakel None None LOCklhg the borehole after use. Locking the borehole None future O&M. During wet season, the
Washing the water trough.
borehole should be locked to allow
livestock to use rain watt
s | Kangirisae None None The trough.ls cleaned daily and alsq_ocking the borehole None They are S.tl|| contributing to register
handpump is clean with the Diocese of Lodw
Use of force Washing of animal trough. Locking|We lock it to ensure No plan, but we are dlsgusslng among
s | Losagam and energy to |None None ourselves to start contributing money|

pump water.

the borehole.

children don't misuse it.

towards the end of the two years.
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% i ¢ 4. No. of beneficiariep 5 7. Organisation
1. Distance from| = stance from 3. The number of ’ . | 6. WUA having
the nearest e S temporary RePresentatlonexperiences o) appointed
i . i . 7-1. Informal assigned R :
BH site | Sub-Location parmanent tlempora(;y | sevitEmEm et ads herd_s (no.|domestiq from th(; WUA managing othefcormitee |WUA reesr:g:zltgsm atchman/ zszg::rd 7-3. roles of the appointed persons and how to —
settlement settlement uring the BH water of anlmals) (HH) to the BH was formed |committee p ) guards P operate Q.)
use DMC/DC committee g
D
To make general use of the borehole, linking the %
Chokchok | Nawoitorong 20km 0.5km 40 hh 600-700 1,5 h | no NO YES 0 3 community with diocese of Lodwar and reporting o
shoats cases of mechanical breakdown, they ensure that(js ~
locked whenever it is not in use =
No,only To ensure propper use of the borehole and ensurfhg g)
Kokorio Loritit 35Kkm 1km 80-90 hh 2500-3000 80-90 hH appointed 4 No ves 4 that thg l_)orehole.ls not I.ocked when not in gse. 3
shoats people to supervising watering of livestock and reporting cages 3
manage of mechanical breakdown D
=
<
) o
Chairman- overall watch of the borehole and —h
Kakali Lokichar 6 KM 500 Metres 31 An average 31|NO NO v v communicating borehole problems to relevant 'Q
of 2325 institutions, Treasurer - keeping money, Secretary -
keeping records 8
- - o
Chairman- decides who uses the borehole at a >
X ) - - 5
Lochor edome Lokichar 55 km 0.2-0.5 km around 100 hh an averagearound NO NO v v y paticular time anFi to resolve any ansmg conflicts )
of 1500 |100 hh Treasurer - keeping money and collecting =
contributions, Secretary - keeping recc D
Lochwaangika average of Chairman - to supervise the usage of the boreholg. 2
Nakejuamos 25 km 0.5 km 15-37 hh 15-37 hif NO NO v 3\ Seacetary - keeping records.Treasurer - collecting
matak 100 per hh Q
money from the water users <
Chairman - checking weather there is a problem With g
. average of the borehole, Secretary - writing down any problenfs
Lolupe Lochwaangiky 1 km 300 metres 20-48 hh 30-50 per [20-48 hh ves, 4 NO ) v and presenting to the chairman, Treasurer - collegting Py
matak members -
hh money and keeping list of people who have
contributec =
Kalokutany | Lorengkippi 35km No temporary 100-300 hh average of NONE Yes, 3 Yes v Cha.|r.man - arranging and chajrmg.meetmgs, Secrgtary o
settlemer 100 per h member - writing reports, Treasurer - keeping mo >
3y o No temporary average of Yes, 6 Chawman - .cha|rmg lmeeungs, Secretary-lTakmg w
Lokiriemet | Lorengkippi 16 km 150-250 hh | 50-100 perf NONE Yes v minutes during meetings, Treasurer - keeping @)
settlement members - =
hh contribution: %
Chairman; Oganising how people use the BH and o
. - average 50 - . X ; )
Kakromosing Lokiriama 7-8 km 300m 10-15 hh 100 per hh 10-15 hi{ No No v v seauring it from improper use. Treasurer; Collecting
P contributions <
Chairman; checking the condition of the BH and hgw %
average of eople are using.Secretary; Recording and keeping the(Q
Lotilo Urum 3km 500 Metres 40-50hh  |150-200 per40-50 hH No NO v v peop 9: ¥ Recoraing ar P
hh register of the users.Treasurer; Supporting the %
chairman in checking the condition of the | %
Checking how people are using the borehole, —
average of Mobilising community members for contributions »D
Kaidir Namoruputh 7 Km 300 metres 9 HH 30-50 per|9 HH No No v v : 9 Y . ! Q
hh Keeping records on who contributes money, N
Informing relevant people incase of any problems ~

eAuay| UBYLION Ul ybnoiq surebe aous||isay
Aunwwo) Bupueyus Joy 198M0id ayL

aweBeur|A 90.n0say [enieN - 199[01d-ns d XANNY

sloel



eAuay| UBYLION Ul ybnoiq surebe aous||isay
Aunwwo) Bupueyus Joy 198M0id ayL

P17 “0D B0Y uoddIN

6-dl

wea] 103loid vOIr :921n0S

8. 0&M

18-3. Maintenance when the 8-4. repairing work|

8-5. Further plan for O&M and

No BH site A i s - i 5 i i
L rechnlleel) |24 (e el | -2 DEI CEe Sl MEliSEEs i BH is not in use (including done (problem and management for sustainable use of the
problem problem BH X A
security) who repair) BH
. . . . No further plan but we are planning to
s | Chokchok  [No technical pr{None Da|lylwash|ng of water trough. W? lockit when nobody is No repair done start contribution towards the end of the
Locking the borehole after use.  |using
second year
wrferﬁ lwhzs atimg Yes,handpump could
. borehole was Daily washing of the water trough aftle normally lock it when not pump.water we have no f.””he.r plans but we plan g
s |Kokorio ; No problem 4 . because it was loosgstart our registration fee for towards the
not working the locking of the borehole not in use . B
but it was repaired byend of the second year
hand pump was )
diocese
loose
Reducgd fee . . Put strict rules for monthly
collection during . . Bearing- the WMC - .
. Cleaning of water trough, safety in . (%ontrlbutlons for future maintenance.
. . rains because peoplé " . ; : ) contacted Doicese 0
s |Kakali Bearings andling chain and pump. Locking |Locking ~ [one does not make monthly
use nearby stagnartb Lodwar after which -
X orehole ._|contributions then he/she should not fpe
water instead of they came to repair
allowed to use borehole.
borehol¢
Cleaning of water trough, collectionc .
Some people not vt ommunity member . )
- ) of monthly funds. Training . Collection and saving of monthly fund|
s | Lochor edorfe None willing to contribute ] ) signed to watch over the|None )
community members the right way| ﬁos . for future maintenance
money orehole when not in use.
use the hand pur
Checking the bolts whether there is
s | Nakejuamos{None None any Wh|ch is loose, directing Locking the borehole None Co!lectlon of monthly funds for future
community members how to pump maintenance
locking the borehole while not in L
s |Lolupe Difficult to pumjNone locking borehole while not in use Locking the borehole None mohthly contributions for future
maintenance
s [Kalokutany | None None Che<_:k|ng the bor.e.hole regularly tq Locking None No plan yet
confirm the conditio
s |Lokiriemet | None None Locking the borehole Locking when not in use None No plan yet
Training community members the
right way to use the hand pump., |Locking when not in use.
s [Kakromosing None None Cleaning the animal trough after ug&ecurity patrol around the [None Monthly Contributions
Nobody should use the BH without| BH
prior permission from the chairm
Replacing the chain
s | Lotilo Broken chain | None Cleaning water trough, No one is | The chairman checks on theRepair work was None
allowed to bath near the borehole |borehole regularly done by the Diocese
of Lodwar
Making sure the BH is pumped
correctly and Cleaning the animal .
s | Kaidir None None trough. New members in the The selected persons che Klo repair work dond Plan to start collecting fee for the ne:

community are supposed to make
contributions

on the borehole regularly

registration
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ANNEX D Sub-Project - Natural Resource Management

Table

TableBD9.1.1 Cost Saving of LOWASCO Pumps by Introduction of Solar Power System

B/H-1A B/H-3 B/H-6 Total
(A) Without Project
(1) Motor power (kW) 18.5 18.0 11.4
(2) Loading on motor (%) 93.5 93.5 93.9
(3) Power absorbed at pump shaft (kW) = (1) x (2) 17.3 16.8 10.3
(4) Efficiency (%) 83.0 83.0 83.(
(5) Power absorbed by motor (kW) =3)/ 4 20.8 20.2 12.4
(6) Operation hour per day (hrs/day) 24 24 24
(7) days in a year (days) 365 365] 365
(8) Operation hour per year (hrs/year) = (6) x (7) 8760 8,760 8,760
(9) Annual required power (kWh) =(5) x(8) 182,208 176,p52 108,624
(10) Energy Cost (Kshs/kwh) 16 16 16
(11) Annual Energy Cost (Kshs/year) =(9) x (10) 2,915(328 2,831,232 1,737,984 7484544
(B) With Project
(1) Motor power (kW) 18.5 18.0 11.¢
(2) Loading on motor (%) 93.5 93.5 93.9
(3) Power absorbed at pump shaft (kW) = (1) x (2) 17.3 16.8 10.3
(4) Efficiency (%) 83.0 83.0 83.(
(5) Power absorbed by motor (kW) =3)/ 4 20.8 20.2 12.4
(6) Operation hour per day (hrs/day) 16 16 16
(7) days in a year (days) 365 365] 365
(8) Operation hour per year (hrs/year) = (6) x (7) 5,840 5,840 5,840
(9) Annual required power (kWh) =) x(8) 121,472 117,068 72,416
(10) Energy Cost (Kshs/kwWh) 16 16 16
(11) Annual Energy Cost (Kshs/year) =(9) x (10) 1,943/552 1,887,488 1,158,656 4,989,696
Cost Saving (A) - (B) 971,776 943744 579,328 2,494,448
(33%
Source: JICA Project Team
Nippon Koei Co., Ltd. TD -10 The Project for Enhancing Community

Resilience against Drought in Northern Kenya
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ANNEX D Sub-Project - Natural Resource Management

Figures
Source: JICA Project Team
FigureBD1.2.1 Proposed Sitesfor Subsurfce Dam in Turkana County
Nippon Koei Co., Ltd. FD-1 The Project for Enhancing Community

Resilience against Drought in Northern Kenya
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Figures

(1) Short Rainy Season in 2009 (2) Long Rainy Season in 2010

(3) Long Rainy Season in 2011 (4) Long Rainy Season in 2012

Source: Biannual Food Security Assessments conducted by Kenya Food Security Steering Group

FigureBD1.4.1 Major Migration Routes

Nippon Koei Co., Ltd. FD -2 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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Figures
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Source: JICA Project Team

FigureBD1.4.2 Livestock Migration Route (1/3) (1) Rendille Case

Nippon Koei Co., Ltd. FD -3 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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Source: JICA Project Team
FigureBD1.4.2 Livestock Migration Route (2/3) (2) Gabora Case

FD -4 The Project for Enhancing Community
Resilience against Drought in Northern Kenya

Nippon Koei Co., Ltd.
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Figures

GABORA/BORANA ROUTE
Torbi
)
Alo thita(WP)
Dido Galgalo
Markana(BH
- 3days
& (drought (cattle)
Referto period) (shorts)
"(2) Gaboracase"
Bubisa(BH
ubisa(BH) /I\3ubisa(BH)/Maikona(BH)
_ Quibakaro(BH.WP)(G3-4M)
1day
Dirib(BH) 1day 1 day Shurr(WP G6M)
o
Jaldesa(BH) ,:(Zdays)
(G3.4M) :
v
° Yamicha (Isiolo)

or Ewaso Ngiro River

Source: JICA Project Team

FigureBD1.4.2 Livestock Migration Route (3/3) (3) Borana/ Gabra Case

Nippon Koei Co., Ltd. FD -5 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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Figures

Note: Rainfall RFE2 = Merged Satellite-gauge Monthly Rainfall produced by NOAA's Climate Prediction Center

Source: Early Warning Explorer (http://earlywarning.usgs.gov:8080/EWX/index.html)

FigureBD1.4.3 Spatial Rainfall Patterns at Marsabit County in Normal Year (2001-2004)

Nippon Koei Co., Ltd. FD -6 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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Note: NDVI images were selected to have good vegetation conditions in middle of rainy season in Normal year
(2002-2004)

Source: Early Warning Explorer  (http://earlywarning.usgs.gov:8080/EWX/index.html), Basic Vegetation Data:
eMODIS NDVI 10-days, Edited by JICA Project team

FigureBD1.4.4 Rangeland and Migratory Routein Normal Years

Nippon Koei Co., Ltd. FD -7 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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(Accumulated NDVI data in a year)
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Source: NDVI-G Dataset, December 2004 (Version 4, NOAA-16 calibration) in FEWS-NET
(http://earlywarning.usgs.gov/fews/africa/index.php) Calculated by JICA Project team by WinDisp51

FigureBD1.4.5 Pasture Condition Analysisin Marsabit County

Nippon Koei Co., Ltd. FD-8 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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Figures
b ——
S—_—
Source: UNICEF and JICA Project Team
FigureBD1.4.6 Grazing Area and Migratory Routesin Drought in Turkana County
Nippon Koei Co., Ltd. FD -9 The Project for Enhancing Community

Resilience against Drought in Northern Kenya
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Source: JICA Project Team

FigureBD.1.4.7 Grazing Areain Turkana North District

Nippon Koei Co., Ltd. FD - 10 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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Source: JICA Project Team

FigureBD.1.4.8 Grazing Areain Turkana West District

Nippon Koei Co., Ltd. FD-11 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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Source: JICA Project Team

FigureBD.1.49 Grazing Areain Turkana Central District

Nippon Koei Co., Ltd. FD -12 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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Figures

Source: JICA Project Team

FigureBD.1.4.10 Grazing Areain Loima District

Nippon Koei Co., Ltd. FD - 13 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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Source: JICA Project Team

FigureBD.1.4.11 Grazing Area in South and East District

Nippon Koei Co., Ltd. FD - 14 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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Figures

Legend
Unutilized Grazing Areas
PRiEN A) Dida Galgalu (Galgalu Plain) area; (Turbi Community)
| B) Hurri Hills area (Hurri Hills Community)
C) East side area of Mt. Kulal (Arapal Community)
D) West side area of Mt. Marsabit (Korr/Ballah Communities)
E) East side area of Mt. Marsabit (Dirib Gombo Community)

]\ Pastoralist Migratory Routes

A Sub-projects for Natural Resources Management under ECORAD

Base map ; Early Warning Explorer (http://earlywarning.usgs.gov:8080/EWX/index.html), Basic Vegetation Datq:
eMODIS NDVI 10-days , edited by JICA Project Team
SourceJICA Project Team

FigureBD2.1.1 Location Map of Sub-projects for National Resources Management and
Unutilized Grazing Areasin Marsabit County

Nippon Koei Co., Ltd. FD - 15 The Project for Enhancing Community

Resilience against Drought in Northern Kenya
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FigureBD2.1.2 Plan of Yaa Gala Water Pan
Nippon Koei Co., Ltd. FD - 16 The Project for Enhancing Community

Resilience against Drought in Northern Kenya



eAuay| UBYLION Ul ybnoiq surebe aous||isay
Aunwwo) Bupueyus Joy 198M0id 8yl

P17 “0D B0Y uoddIN

LT -dd

ued JOTe/\ BSSMOI0S Jo ueld £ T'zagainbi4

wea] 198loild VIIC :82IN0S

e R
P \\ - // Ny
-~ = P
Wiater Collecticn chamnsls ¢ P = . Y
277 [N L L AN
Embankment Wal \\\\
! T
Iy ¥ Yy Y Y~ AN
— = N
Bemn N
By
7NN NN /// £ \“\\\
L TT T}
b y et
=
— N 0
60000 < L] N o
Water Pan [tesevoir — L]
g = U
1 g L&D .
~
AT 1
P
//ﬁ T —< [—
~ —< A
/ S e
?\\ f\
~ N P T
/Ek—:lm ,—/) ff\ S
AN
(a1 ‘
e ) \\\\ . Embankment Wall
\\\ E
G <t S N i S ., SO
P N
R
. { \\:\ Water Collectin thenrels ™" [, \‘JV
\\ A \\;:\_.\_\_ B \ N
S S N e e ———
B
\ | Plan Sraln AT \
Stons Mazonne Criginal Greund Leve|
~ == =g, RS [T p— —
L% 1 o J‘ 7am
Saclior A- A teale A
03m 50.9m 100 Om 1800m
\
Scale A
00m 5.0m 10 O 1a0m
| | |
[ I ]
Scale B

ElZISE |7

T, Bem

Water Pan Reservair Do A7

Jankment
10000

ELesze —pp Erbankmet

=
Jra0g

6C000

Sactior B- B Scale A

Stene Tip gy

PR AN

1600

B

3600

i —~
AP

;

ELs
by d

Tk

VAT
2000

Pan Inle: Charne| Section F- F

B e I

|

Stone 2ipRas FAMN
—

AN

B

\b\g

ELssig

e
J‘WJ:
I S n
=
IV A =
T T LT
AT
Zunn

Intaks Chennel Section - G

500

Orignal Ground Level

AR 4*\?\

T
1000 L 0|

"l:wxi\%
;
i) | 1000

T 1
jater Collection chanel

Water Pan Coordnaes

St Trap Coordirates

Eading rorthirg Helght Point Easling Sulhing e ghl

440739978 | 312087.737 552.00 51 440699.724 312131.605 | 563.30
440795 368 | 312064.648 552.00 ) 440718.184 312123.909 [553.30
440818 447 | 512120.028 552.00 53 440722.032 312133.139 [563.30
440763.067[ 312143 116 552.00 4 440703.573 312140835 |553.30

Februay 26,2014

THE PROJECT FOR ENHANCING FESILIZNCE AGAINST DRCUGHT IN NORTHERY KERYA

N PPOY KO

Q.,LTD. DWG. Mo R -2-4

Sotowesa ater Pan - Flar Pofle and Section

sanbi4

aweBeur|A 90.n0say [enieN - 199[01d-ns d XANNY



P17 “0D B0Y uoddIN

wea] 103loid VI :921n0S

8T -dd

Ued JoJe/ Nexod oojoq Jo Ueld  +'T'zag a4nbiy

eAuay| UBYLION Ul ybnoiq surebe aous||isay
Aunwwo) Bupueyus Joy 198M0id 8yl

Fiver Channel ~ /4;’/
Mg //7 s Embankment below O 6L
/S//‘/ Dwersion Cnarne 4 / //'{/ e (Slear Vegetation, lcosesoi then

%
7 / Backfil snd Corpat

iversion Channs! 1 — e e /4 )
" o 1/{"/""{-// ////// Embankment % = D Ot 2=

7
(e g = B e
eV // L — Joulder Rip Jap Lahwfneuj\ > —
SiltTrap 2| | (Fun Flus Wale Cur ot / =
A
S el G

ExfiTamment

}
=
(

b,
&
N

b= &
T_{{ i gJ

/ |
Silt Trap 1 + o=

SltTrar 2- Coordinates

= =i
& e A=A~
\ =iV

Horhing | Esstirn Feight | Descr-

393720490 | NA00.037 | F16000] R
252639067 | 11%12.623 | £16000| RZ
T3S [MEH A0 L6000 R
TIIUE [T 315 | STB00 | R

NOlES

Ruferte Drawing o R2-2 - 20 for €K Tiap 2 and Chanssk Dobais

Date: viah 05, 2914
THE PROJECTFOR ENHANC NG RESILIENCE A2ANS - DEOUGHT IN NORTH

NIFFON KOEI €0, LD, DWB. No. F

Dela D wiaty W der Pan Ret abitation - Flzn Lave

aweBeur|A 90.n0say [enieN - 199[01d-ns d XANNY

sanbi4



P17 “0D B0Y uoddIN

wea] 198l0ld VIIC :82IN0S

6T - dd
ued JoTe/\ anyoue N yoepeq Jo ueld  G'T'zdge.nbi4

eAuay| UBYLION Ul ybnoiq surebe aous||isay
Aunwwo) Bupueyus Joy 198M0id 8yl

£ A
v
[ HiNnnInaniinEnninnEnnnnn

thﬁnkﬂ%ﬁ;l ) i
RPN L
- TN ;

s
,/ // Errbankrent

/ i
onerded pait d

H\U\\‘\L‘\‘\' T
Vol ./,/// | ey

=

et e WWW@

i R SR

T

s

?“\J.
|
LTIt

)

i

(BRI f \\‘r\ N
P
>
U,
T2
%
—
e

Embarkment Wall

P::n lu‘saryair #
 Panstimerol ",

NP

i -

B O 3 = 5

ST TR
BN
\

: FoT R e . e
B e W 3 et
s P G W S S 1T

L T I e e G e L T
< ml}‘l\“‘l““l |E‘rm\d|‘k’\”5‘m\w‘d”|‘\‘\‘\‘l‘\l\l\‘l |\‘\‘|‘T

A
3 £ g g i i & 3
i3 2 # 3 B # & 8

Sepleribar 15 3013
THE FROUECT FOR ENHANCING RESILIEN CE AGAINST ORIUGFT IN NORTHERN KENTA

MPPOH KOEI CO., LTD oW Ho.R2-1- 2

Diad ach Man C hurs Vst Pan -Watsr Pan anc §t T-ap Plin Dataik

aweBeur|A 90.n0say [enieN - 199[01d-ns d XANNY

sanbi4



P17 “0D B0Y uoddIN

wes] 19901d YIIC :92IN0S

0z - a4
aulpdid A|ddng Jerep [edely Jo ueld T'z'eadainbi

eAuay| UBYLION Ul ybnoiq surebe aous||isay
Aunwwo) Bupueyus Joy 198M0id 8yl

Gasat Traugh
Constricted in the Project
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Water Source Details
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ANNEX D Sub-Project - Natural Resource Management
Figures

Source: JICA Project Team

FigureBD3.2.2 Longitudinal Profile of Arapal Water Supply Pipeline

Nippon Koei Co., Ltd. FD-21 The Project for Enhancing Community
Resilience against Drought in Northern Kenya
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ANNEX D Sub-Project - Natural Resource Management
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ANNEX D Sub-Project - Natural Resource Management
Figures

Source: JICA Project Team

Figure BD6.2.1 Electrical Sounding Survey Sites

Nippon Koei Co., Ltd. FD - 24 The Project for Enhancing Community
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ANNEX D Sub-Project - Natural Resource Management

Figures

N1-2 Kaabilikeret

VES 2: Co-ordinates Deqrees 035° 28" 36.17E; 04° 12" 45.5"N, Alt 692m ASL

VES 2 HULINA TATUI!

{1

[MODEL: VIS z NULINL TATUL
LAYER EBESISTIVITY TEICKNESS DEPTH
1 59.9 6.3 6.3
2 1w.0 26.7 23.0
3 6.8 97.0 130.0
4 15.0
[CZTAZET: VEZ & MULINA TATUL
HUMBER. iB/2 MM RESISTIVITY
1 1. &00000 0. 500000 43, A50000
2 2.000000 0.500000 44,740002
El 2. so0onn 0. 500000 40 . ss0000
4 3.200000 0.500000 38.369999
5 4. 000000 0.500000 3z.470001
6 5.000000 0.500000 26.820000
7 £, 300000 0.500000 20, 700001
a 6.000000 0.500000 17.200001
2 10.000000 0.500000 16.270000
10 13. 000000 0. 500000 16, 430000
11 16.000000 0.500000 20.070000
12 20. 00oo0on =.oooo0o z0.292999
13 25. 000000 5.000000 16, 000000
14 32. 000000 5.000000 19, 000000
15 40, 000a0n 10.000000 14, 000000
16 50. 000000 10.000000 12000000
17 63. 0o0o0nn 10.000000 10, 400000
13 £0. 000000 10.000000 €. 500000
19 100. 000000 25.000000 10. 000000
20  125.000000 25.000000 7.300000
21 1s0.000000 25.000000 11.000000

Recommended drilling site

N2-2 Lokwake

VES 2: Co-ordinates Degrees 035° 20° 09.8”E; 04° 08" 59.2"'N, Alt 582m ASL

YEE 2 NULIMR TATLZ

1 L] L] an
i
[EODEL: VES 2 MULINA TAETUZ

LAYER RESISTIVITT THICHWESS DEFTH
1 162.1 2.3 2.3
2 21.7 5.0 g.1
3 14.0 1z.9 21.0
kY z0.0 EER] 1z0.0
5 .

[[ATASET: WEa 2 MOLINA TATOE

MUREER ADSE MM RESITATIVITY
1 1. 600000 0500000 136330002
2 E.000000 0.500000 130.965595
3 2. 500000 0.500000  105.690002
4 3.200000 0.500000 51.519595
5 4.000000 0.500000 58.350001
i 5.000000 0.500000 45.505595
7 6.300000 0.500000 33.949995
a 5.000000 0.500000 23.400000
9 10.000000 0.500000 20.850000
10 1%.000000 0.£00000 17.490000
11 16.000000 0.500000 16.0555995
1z 20.000000 5.000000 17.000000
13 25.000000 5.000000 17.290009
14 32.000000 5.000000 20.000000
15 40.000000 10.000000 19.200001
18 50.000000 10.000000 18.000000
17 £%.000000 10.000000 15.=00000
18 80. 000000 10.000000 1g.000000
is  100.000000 25.000000 17.000000
20 1xs.000000 25_000000 20_000000
21 150.000000 25.000000 12 800000

Recommended drilling site

N3-2 Ngaukon

VES 2: Co-ordinates Degrees 035° 31° 53.5”E; 04° 03’ 35.0"N, Alt 738m ASL

VES 2 KANGANIRIR

"

m

[NODEL: VEZ Z EANGARIFUR

LAYER RESISTIVITY THICHNESS DEFTE
1 213.0 3.3 3.3
2 5.3 1.0 16.1
3 1.5 €5.9 Bz.0
[y 5.2

[ATAICT: VE3 2 RANGRKIEUR

HUNEER i3/2 MY RISISTIVITY
1 1.£00000 0.500000  149.970001
z z.000000 0.500000  163.350008
a 2.500000 0.500000  169,009955
S 3.200000 0.500000  161.7L000%
H 4.000000 0.500000  144.440002
G 5.000000 0.500000 59.369393
? £.300000 0.500000 £0.000000
& 5.000000 0.500000 Z6. 600000
Ll 10.000000 0.500000 17.000000
10 1%.000000 0.500000 £.300000
1L 15.000000 0.s00000 5.=00000
1z 20.000000 5.000000 3.800000
13 25.000000 5.000000 3.400000
14 32.000000 5.000000 3.100000
15 40.000000 10.000000 2.a00000
15 50.000000 10.000000 2.100000
17 £%.,000000 10.000000 1., 600000
18 a0.a00000 10.000000 1.700000
13 100.000000 25.000000 3.200000
20 125.000000 25.000000 1.500000
Z1 _ 150.000000 25.000000 3. 700000

R ety AT STTE

N4-1 Kaitukae

VES 1: C‘orl;rdinales Degrees 035° 33 15.4”E; 03° 46’ 11.5"N, Alt 558m ASL

VES 1 IDF CAMPP

' " s e
ODEL: VEE 1 1DP GANPD
LAYER RESISTIVITT THICKNESS pEPTH

L z26.0 2.5 2.5
z Tl 3.9 6.9
3 5.0 19,8 z6.0
4 1z.0 4.0 100.0
5 2.7

[ATASET: ¥Es 1 ILP CABDR

Huns; AE/Z MM RESISTIVITY

L 1. 600000 0.500000 21.930000
2 2.000000 0.500000 20.889995
El 2.500000 0.500000 16.709995
4 3.200000 0.500000 13 ,590000
5 4.000000 0.500000 10.330000
I S_noooon 0. 500000 8400000
2 5300000 0.500000 7.060000
a 8.000000 0.500000 5.800000
a 10.000000 0.500000 5.940000
10 13.000000 0.500000 6.5390000
1t 15.000000 0.500000 5.620000
12 20.000000 5.000000 5.600000
13 25.000000 5.000000 6.000000
14 32.000000 5.000000 7.z00000
15 40.000000 20.000000 5.500000
15 50.000000 10.000000 9.500000
17 £3.000000 10.000000 11.000000
18 50.000000 10.000000 11.000000
19 100.000000 25.000000 11.000000
20 lzs.o000000 28.000000 ©.500000
21 1s0.000000 25.000000 5.300000

Recommended drilling site

Source: JICA Project Tee

Figure BD6.2.2 VES Curves (1)

Nippon Koei Co., Ltd.

FD - 25

The Project for Enhancing Community
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ANNEX D Sub-Project - Natural Resource Management
Figures

W2-2 Nakeruma

VES 2: Co-ordinates Degrees 034° 18" 34.97E; 04° 19’ 19.1”N, Alt 696m ASL

W1-1 Natwol

VES 1: Co-ordinates Degrees 034° 17 20.5"E; 04° 06' 59.6"'N, Alt 713m ASL

VES 2 LOKICHAGSIC NAMERU

¥E§ 1 LOKICHOGGIO NATWOI
T T

"

i

TEL: VEZ 1 LORICHOGGIO NATWOI 1 L] o Ll
LATER REITSTIVITY THICKNESS DEFTH Vel 1o
+ 53.0 z.5 Z.5 GOEL: VES £ LORICHOG5T0 NERLETHEN
2 28.0 2.6 &1 LAYER RESISTIVITY  THICKNESS DEDTH
E 35.0 111 182
M a1 ety i L 300.0 z.5 z.5
5 170 2 62.9 7.5 10.0
[DATASET: WVES 1 LOUKICH! LD NATWOL 3 40.0 z4.0 38.0
IR 1B/Z MM BESISTIVITY 1 a1.0 5.0 ]
i 1.800000 0.500000 44.570000 5 50.0
2 #.080000 0. 580000 a@.=330002 [PATESET: Wid £ LOKLCHOGGIO NARLRUNAK
3 2.500000 0,500000  35,340000 NUBBEL, imi2 MM DESISTIVITY
5 3.z00000 0.500000 29.1z9E99
. i aooong o topoon  so.zecame L 1. 600000 0.500000  251.309985
p = naoonn 0 zomoon 2a.oe000n 2 2.000000 0.500000  251.460007
7 6.200000 0.500000  41.620001 El &. 500000 0.500000  22A.750000
] 5.000000 0.500000 33.400002 4 3.200000 0.500000  171.279999
E 10.000000 0.500000  3%.430000 s 4.000000 0.500000  130.363985
0 13.000800 0.500000  35.352398 G 5.000000 0.500000  106.599995
11 16.000000 0,500000  32.919990 o 5.300000 0.500000  ©d.98oogs
12 20.000000 5.000000  29.000000 a 2000000 0.co0ono 5.E00003
13 25.000000 5,000000  2E.000000
1s 32.000000 5.000000 Zz.000000 ¢ 4. 0ouuon u.500000 £2.91hu00
is 30 ooooon 10 DoooDO to.oooO0O 10 13.000000 0.500000  59.360001
16 50.000000 10, 000000 11.500000 I L&.0000on U.sooooo sk, soossE
17 53.000000 10, oDooo 5.000000 12 20.000000 5.000000  S0.000000
18 50.000000 10. 000000 5.500000 13 25.000000 £.000000  48.000000
1a 100.000000 Z5.000000 1i.700000 14 32.000000 S.000000 4%. 000000
200 125.000000 25.000000 13.000000 15 40.000000 10.000000  44.000000
21 1s0.ooo000 25000000 11.000000 1e  so.o0o00o00 ln.oooooo as.oooooo
Recommended drilling site 17 £3.000000 10.000000 £0.000000
18 80.000000 10000000 £z .onoooo
19 100.000000  25.000000  €8.000000
F0_ 125.000000 35.000000 60000000

[

Recommended drilling site

W3-1 Oropoi

VES 1: Co-ordinates Degrees 034° 26 39.6"E; 03° 47’ 02.2""N. Alt 783m ASL

WES 1 OROPOI WUA

m

W4-3  Loreng

VES 3: Co-ordinates Degrees 034° 37" 51.2"E; 03° 31" 49.2"'N, Alt 737m ASL

VES 3 LORENG WP

m

T

T

we i
ODEL: VEZ 1 OROPII WUL ! L englnl " m
LAVER RESISTIVITY  THICKNESS DEPTH
1 570.0 3.3 [HODEL: VEZ 3 LORENG V&
2 45.0 16.7 20.0 LAVER RESISTIVITY  THICKNESS PEETH
3 92.0 30.0 110.0 N iot.0 3.2 5.z
NUMEER 1802 M RESISTIVITY M 8.0 s 200
L 1.500000 0.500000 457.515589 1 Jc.0 1.0 o1.0
2 2, 000000 0.500000  508.220001 L] 5.0
3 2. 500000 0.500000  493.563595 [PATASET: VEJ 3 LORENG WP
q ERECLEE 0.500000  472.250000 HUMBER. AB/Z Ml RESISTIVITY
5 4, DOnOon 0.500000 415.000000 : 1600000 0.500000  62.680000
5 =, Dooooo 0.500000  339.829987 2 2.000000 0.500000  57.240002
Kl 5, 300000 0.500000  249.240005 3 2. soooon 0.500000  46.660000
s &, Dooooo 0.500000  164.198887 4 3.200000 0.500000  36.610001
5 10.000000 0.500000  104.540001 5 4.000000 0.500000  29.500000
:T i’s ‘;ggggg g—:ggggg ;g—:?ssg; [ 5.000000 0.500000  27.150000
' - . 7 5.300000 0.500000  25.040001
1 20, 000000 5.000000  54.000000 M = honoon o soonon se Eoonno
At e o s 1p.000000 0.500000  27.350000
) " N 10 13.000000 0. 500000 32.330002
15 A0.000000  10.000000  T0.000000
1  £0.000000  10.000000  72.000000 11 16.000000 0.500000  36.330000
17 E3 . 000000 10. 000000 75000000 1z 20,000000 §.000000 38.000000
13 S0, 000000 10.000000 87.000000 13 #5.000000 5-000000 36.000000
13 100.000000 2S.000000 92000000 14 32.000000 5.000000  38.000000
=0 125.000000  25.000000  118.000000 15 40.000000 10000000  34.000000
21 150,000000  25.000000  160.000000 16 50.000000  10.000000  36.000000
P 17 §3.000000  10.000000  34.000000
Recommended drilling site 15 &0.000000 10.000000 34.500000
19 100.000000  25.000000  20.000000
z0o 1z25.000000 25.000000 9.000000

Recommended drilling site

Source: JICA Project Tee
Figure BD6.2.3 VES Curves (2)
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ANNEX D Sub-Project - Natural Resource Management

Figures

W5-1 Nakoros

VES 1: Co-ordinates Degrees 034° 48" 16.1"E: 03° 40’ 02.5"N, Alt 650m ASL

W6-4 Kokurio

VES 4: Co-ordinates Degrees 034° 43’ 18.47E; 03° 21" 26.4”'N, Alt 750m ASL

WE 1 JAKDROS WP VES & LORITIT
w m
i " 4
s
L™
1 4 B,
] ®
] 4 -
1
1
T T r
1 ] mn m
1 [ o m
ot e m|
ODEL: VES 1 NARORCE WE
[NCBEL: UES % LORITIT
LAYEFR RESISTIVITY THICENESS DEFTE
T 30.0 o LAYER RESISTIVITY  THICHNESS DEPTH
z 68.0 9.6 12.0 42.0 2.5 2.5
) 2.0 @g.0 101.0 & 120.0 2.6 5.1
3 1.0 3 9.9 27.0 33.0
[PATELEFT: TFES 1 WAKCROE WP L 1.0 9z.0 12s5.0
NUHBEE. 18/2 MM BESISTIVITY _ k] i.0
t 1.600000 0.500000  38.549595 [PATEAET: WIS % WRIT]TAEIZ [ —
2 2.00000n 0.500000 43.220001
B 2 _sonnon n.soonon 46.s5zSsas 1 1.600000 0.500000  62.400002
4 3.200000 0.500000 SO.770000 z £.000000 0.500000  67.500000
5 4.000000 0.500000  S2.220000 3 2.500000 0.500000  72.169398
5 5.000000 0.500000 S1.810001 4 3.200000 0.500000  G0.000000
= s.300000 0.s00000  S1.330002 B 4.000000 0.500000  79.109997
5 5.000000 0.s00000  49.20D001 s s.000000 0.500000  78.500000
9 10.000000 0.500000 48.200001 7 6.300000 0.500000  58.070000
10 13.000000 0.500000  45.580002 s 3.000000 0.500000  51.400002
11 L5 000000 0. 500000 41.750000 El 10000000 0. 500000 44130001
1z ZD0.000000 5.000000 52.000000 1o 13.000000 0.500000 32 .799998
13 2s.000000 5.000000  26.000000 i1 16.000000 0.500000  %&.900000
14 92.000000 5.000000  20,500000 iz 20.000000 5.000000  z0.000000
15 40.0000oo 10.000000 15.3200000 13 25.000000 5.000000 15.500000
15 S0.000000 10.000000 14.500000 1% 32.000000 5.000000 12.,000000
17 63.000000  10.000000  14.000000 1S 40.000000  10.000000  13.500000
18 80.000000  10,000000  11,000000 15 50.000000  10,000000  15.000000
18 100.00OODR £5.000000  13.200000 17 62.000000  10.000000  231.500000
20 1:5.000000  25.000000  13.000000 18 80.000000  10.000000  231.000000
iy - pi=] 100.000000 25.000000 2Z.000000
Recommended dﬂ"lﬂg site 2n 1z5.000000 15.000000 z1i.000000
21 1sn.000000  35.000000  z4.000060
Recommended drilling site
VES 2: Co-ordinates Degrees 035° 33" 49.17E: 03° 06’ 09.5"N, Alt 513m ASL

VES 1: Co-ordinates Degrees 036° 10" 23.7"

E; 02° 35° 39.3"S, Alt 472m ASL

WES 1 KAIG IRISAE

10

n n an
e
CNEL: ¥ES 1 KANG' [RISLE

LAYER BESISTIVITY THICENESE DEFTH
1 4.5 2.5 2.5
2 S.2 5.8 9.3
3 1.0 11,7 20.0
4 7.6 en.0 110.0

s 16.0

[FATi=TT: VES 1 EANG' TRIZAF
BER AE/2 MmN RESISTIWITY
L. 600000 0.500000 12.320000
z 2.000000 0.500000 11.£20000
3 2.500000 0.500000 11.630000
4 2.200000 0.500000 10, 640000
5 4.000000 n.500000 A.310000
s 5.000000 0.500000 7.70z000
7 5.300000 0.500000 5.450000
B &.000000 0.500000 5.800000
El 10.000000 0.500000 5.500000
10 13.000000 0.500000 §.360000
11 15.000000 0.500000 8.830000
1z 20.000000 5.000000 10000000
13 25.000000 5.000000 &.000000
13 2z.000000 5.000000 11300000
15 40.000000 10.000000 10.200000
15 50,000000 10.000000 9.400000
17 £3.000000 10.000000 11.000000
18 50.000000 10.000000 8.500000
13 100.000000 25.000000 7. 600000
20 12£5.000000 25.000000 13.000000

VES 1 IDF O

n

o 1
[FCTEL: VES 2 LDF CAMF

LAYER RESISTIVITY THICKMESS DEPTH
1 380.0 2.5 2.5
2 1200.0 3.9 5.4
3 1.8 33,6 4.0
4 7.5 55.0 100.0

5 78.0

DATASET: VEZ Z IDF CANF

2Bf2 MM RESISTIVITY
1.600000 0.500000  454.630015
2 2.000000 0.500000  552.,000000
a z.500000 0.500000 677915963
4 3.200000 0.500000  506.535975
5 4.000000 0.500000 919260010
6 5.000000 0.500000  956,855985
7 £.300000 0.500000 286, 4609971
8 8.000000 0.500000  723,239988
10.000000 0.500000 507, 579993
10 13.000000 0.500000  313.760010
11 16.000000 0.500000 186, 728905
1z 20.000000 5.000000 54.000000
13 25.000000 £.000000 34000000
1% 32. 000000 5.000000 10. 500000
15 40.000000 10.000000 5.,200000
16 s0. 000000 10.000000 &. 200000
17 £3.000000 10.000000 5.000000
18 80 000000 10.000000 2. 800000
19 100.000000 25.000000 7.500000
20 125 000000 25000000 50. 000000

Recommended drilling site

Source: JICA Project Tee

FigureBD6.2.4 VES Curves (3)

Nippon Koei Co., Ltd.
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ANNEX D Sub-Project - Natural Resource Management

Figures

C3-3 Natapar Angidomc

C4-1

Losagar

VES 1: Co-ordinates Degrees 036° 01 41 2"E; 02° 56’ 29.5”N, Alt 421m ASL

VES 1 NERID W

w0

VES 3: Co-ordinates Degrees 035" 59' 16.97E; 03 12' 31.1"N, Alt 491m ASL
VES § ELIYE SFRINGS
‘.
1l 1
Ll
T T
1 i m m
CTEL : UES % SLTVE SPRTNGE

LAYER BESISTIVITY THICKNESS DEPTH
1 198.0 3.1 3.1
2 145.0 2.1 5.2
il 220.0 27.0 3.0
4 440.0 g7.0 130.0
5 z00.0

[ATASTT: WES 3 FLITE SPRINGS

MEER 18/2 MmN BESISTIVITY
1 1,600000 0.500000  171.479996
H 2.000000 ©0.500000  471.600003
3 2.500000 0.500000  160.36000L
4 3,200000 0.500000  155.140504
] 4.,000000 £0.500000  158.880005
[ 5.000000 ©.500000  157.529233
7 5.300000 0.500000  164.300003
] 5.000000 0.500000  195.395594
E] 10, 000000 0.500000  231.300003
10 17000000 0.500000  192.S1959A
1L 15, 000000 ©0.500000  198.500000
1z 20000000 £.000000  260.000000
13 25.000000 5.000000  260.000000
12 32000000 5.000000  220.000000
1s 40, 000000 10.000000  285.000000
16 £0,000000 10.000000  400.000000
17 £3,000000 10.000000  430.000000
18 50000000 10.000000  440.000000
19 100000000 25.000000  360.000000
20 135,000000 25.000000  310,000000
21 150.000000 25.000000  S00.000000

fn

Rt e e

1

W
ODEL: VES 1 KERID WP
LAYER REIISTIVITY TELICINESS DEFTH

1 11, 1.2
H 7.3 4.5 g
El a.z 14.6 21.0
4 43.0 2.0 s0.0
5 a0.0 &0,0 110.0
3 101.0

[PETASET: wEs 1 RERIG WP
ER iB/Z MM RESISTIVITY
1 1.800000 0. 00000 9.500000
2 z.000000 4. 500000 &.100000
a 2.500000 0. 500000 5.000000
4 3.200000 0. 500000 5.200000
5 4.000000 0. 500000 7.400000
6 5.000000 0. snooo0 7.000000
7 6.300000 0, 500000 7.300000
a 2.000000 0. 500000 5.800000
El 10.000000 0. sooo00 5.300000
10 13.000000 0. so0o0D 5.800000
11 16.000000 0. 500000 3.500000
1z 20.000000 5. 000000 3.800000
13 z5.000000 5. 000000 5.500000
14 32.000000 5. 000000 3.700000
15 40.000000 10. 000000 £.000000
16 s0.000000 10.0a0o0n 34.000000
17 63.000000 10, 000000 49.000000
1ia B0.000000 10, 000000 a8.000000
19 100.000000 25, 000000 13.599398
20 135.000000 25, 000000 54.000000

Recoemmended drilling site

Recommended drilling site

C5-3 Chokchok

VES 3: Co-ordinates Degrees 035° 45' 40.7"E; 03" 08' 05.5"N. Alt 477m ASL

VEI X CHOHOCHDK

L1-1 Kakromosini
VES 1: Co-ordinates Degrees 034° 51' 08.8"E: 02° 46" 14.8"N. Alt 916m ASL

VES 1 LOWIRIANA WUA

"

1 [} |III 1008
[MODEL: VES 3 CHOKOCHOR

AYER RESTATIVITT THICKWESS DEFTH
1 67.0 4.0 4.0
2 EY zt.0 25.0
3 7.5 0.0 s5.0
4 EN) s5.0 1100

s 1z.0

[[ATASET: wea 3

MUNBER ABF2 MY RESIITIVITY
L. 600000 o.sn0an0 EANELEEEY
2 2000000 0. 500000 30.38399%
3 z.500000 0.500000 20359995
£ 5.200000 0.500000 11.7i0000
= 4006000 a. 500000 &. 760000
& 5.000000 0. 500000 6.540000
7 £.200000 0.500000 5.830000
& B.000000 0. 500000 5. zonoon0
a 10.000000 0. 500000 5.320000
10 13000000 0.500000 4.770000
11 16.00A000 a. 500000 5. 40000
1z 20. 000000 5.000000 5.300000
13 25.000000 5.000000 5.000000
14 3Z.000000 5.000000 £.000000
15 40.000000 10.000000 6.,000000
16 50.000000 10.000000 5_300000
17 63 .000000 10.000000 5.000000
18 &0.000000 10.000000 3.300000
1a  100.000000 25.000000 4.300000
20 125.000000 25%_n0onon &.000000
21 150.000000 25.000000 6.500000

R B T T

' [} Ll o
i e
ODEL : VES 1 LOELRIAMA WOL

LAFER RESISTIVITY THICKNESS DEFTH
L 20,0 3.3 3.3
z 38.0 21,7 z=.0
3 27.0 35.0 £0.0
4 s5.0 40.0 i00.0
5 4.0

ITASET: VES 1 LOKIRIAAR UUR

TINEE R ARiF2 M RESTHTTVITY
L 1.,600000 0.500000  286.619995
2 2.000000 0.500000  340.1:i5535
a 2.500000 0.500000  308.760010
4 3.z00000 0.500000  302.440002
H 4.000000 0.500000  278.040009
[ 5, 000000 0.500000  246.000000
7 §.,300000 0.500000  208.070007
a 8.000000 0.500000  137.398594
El 10000000 0.500000  102.029599
10 13 . DOOOOO 0.500000 74. 199237
1t 16, 000000 0.500000 64, 219598
1z 20. 000000 5.000000 48.000000
13 25.000000 5.000000 38.000000
14 32, 000000 £.000000 47.000000
15 40, 000000 10.000000 38.000000
16 50.Da0000 10.000000 24.000000
17 £3, 000000 10,000000 37.000000
i £0.000000 10.000000 39.000000
19 100, 000000 25.000000 44000000
Z0  125.000000 25.000000 43.000000
2t 150.000000 25.000000 41.000000

Recommended drilling site

Recommended drilling site

Source: JICA Project Tee

Figure BD6.2.5 VES Curves (4)

Nippon Koei Co., Ltd.

FD - 28

The Project for Enhancing Community
Resilience against Drought in Northern Kenya




ANNEX D Sub-Project - Natural Resource Management

Figures

L2-4

Lotilo

VES 4: Co-ordinates Degrees 034" 41’ 59.9"E; 02° 56” 29.6”N, Alt 1000m ASL

WES 4 LOKIRIANA WUR UR
I T T
moo -
1 ®
] oA
i
T ——— Emas
1 1 m m
GUEL | VES 4 LOKIRIANA WOE URUH
LAVER RESISTIVITT  TRICHNESS PEETH
L 197.0 2.1
2 23.8 10.2 13.3
E] 7.0 567 Jo.n
4 £0.0
[PATARET: VES % LOFIRLANA UUA URUK
NUMEER. AE2 N RESISTIVITY
1 1.500000 0.500000  161.750000
z 2. 000000 0.500000 153.990005
3 2. 500000 0.500000  140,729996
4 4., 200000 0.500000  121.160008
s 4,000000 0.500000  101.519598
5 5.000000 0.500000  56.449297
7 6. 300000 0.500000  71.300003
3 &.000000 0.500000  47.400003
3 10,000000 0.300000  9G.110001
13000000 0.s00000  23.ES0000
1t 16.000000 0.500000  24.090000
1z Z0. 000000 5.0000D0 1%.000000
1% 25000000 £.000000  18.000000
14 32,000000 £.000000  18,500000
15 40,000000 10.000000  20.500000
18 50. 000000 10. 000000 23.7939=499
17 €3.000000  10.000000  19.000000
18 50000000 10.000000  29.000000
13100000000 §5.000000  30,000000
20 125.000000  25.000000  30.000000

L3-1

Kalokutany

VES 1: Co-ordinates Deqgrees 034" 58" 56.1"E; 02" 32 11.3"N, Alt 911m ASL

VES { LORENGIPI WUA

10

1000

i |
CDEL: UES 1 LORENGIET WOL

LAYER BESISTIVITY THICHNESS DEFTH
1 70.0 2.1 2.1
z si0.0 1.3 13.0
3 z30.0 13.0 3z.0
1 50.0 €8.0 100.0
5 B0.0

[ETRSET: VES I LORENGIPL GUL

NUMEER AB/2 MN  RESISTIVITY
L 1. 800000 0. so0000 &1.459298
z 2.000000 0. 500000 95.250000
a 2.500000 0.500000  1168.370003
4 2.200000 0.500000  140.548537
5 4. 000000 0.800000  185.860001
i 5.000000 0.500000  200.020004
7 &. 300000 O.sA0000  227.210004
8 &. 000000 0.500000 263 .500006
9 10, 000000 0.500000  288.269999
10 13 . DoOOCO 0.500000  302.100005
11 16. 000000 0.500000  2A5.799988
1z 20, 000000 5.000000  2&0.000000
1z 25, 000000 £.000000  2E0.000000
11 3z, 000000 5.000000  230.000000
15 40000000 10.000000  170.000000
15 S0, 000000 10.000000  105.000000
17 €3, 000000 10. 000000 73.000000
18 =0. 000000 10. 000000 62 .000000
19 100.000000 25.000000 55.000000
20 125,000000 25, 000000 £5.000000

Recommended drilling site

L3-4  Lokiriamet

L4-6 Kaidir

VES 6: Co-ordinates Degrees 034° 59’ 56.6”E: 02° 50° 07.9”'N, Alt 751m ASL

VEE § NAWODRUPUTH WUA
m T T
moo e =
] a_ ;
] “‘n—u’—: SSi RN
1
1 ] m L]
vy
GDEL  VES § WMARGRUFUTE UE

LAYER DRESISTIVITY THICENEES DEPTH
L 125.0 z.5 z.s
2 43.0 4.1 6.5
3 75.0 15.4 2z.0
4 Ex LLUNE) B
5 1i0.0

PATASLT: VES G WANOROFUTH WOA
NUMEER, MM BESISTIVITY

1 1.600000 0.500000  104.320000
2 2.000000 .500000  90.700999
3 2 .sonoon O.s00000 s3_470001
+ 3.z00000 0.500000  71.500002
5 4.000000 0.500000  60.389599
6 5.000000 0.500000  §5.160000
7 5.300000 0.500000  53.56000L
& & . nooooo 0. 500000 S6.40000%
5 10.000000 0.500000  56.340000
10 13.000000 0.500000  58.299599
11 1&. 000000 0. 500000 S7.EL000L
12 20,000000 5.000000  60.000000
13 25,000000 £.000000  §9.000000
14 32 .000000 5. 000000 S6.000000
15 40.000000 10.000000  S4.000000
16 S0.000000  10.000000 46000000
17 £3.000000  10.000000  42.000000
18 50.000000  10.000000  40.000000
19 100000000 25.000000  S0.000000
z0 125.000000 25. 000000 62 .000000
21 150.000000  25.000000  80.000000

Recommended drilling site

Source: JICA Project Tee

FigureBD6.2.6 VES Curves (5)

Nippon Koei
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ANNEX D Sub-Project - Natural Resource Management

Figures

S1-3 Lochor Edom

SZ-5 Kakali

VES 3: Co-ordinates Degrees 035° 39" 39.8"E; 02° 20" 37.0"S, Alt 762m ASL

YES 1 LOCHOREDOME W!

n

[a—

N 1
: |MODEL: VES & KAKALI UF
[oPEL: WES 3 LOCHDRLDONE WP LA¥ER RESISTIVITY  THICKNESS DEBTH
LAYER BESLSTIVITY THICKNESS DEFTH i o a4
3 e i e 2 0.0 17.6 2z.0
: i e e 3 36.0 31.0 3.0
- - - z 166.0
: ;igg s6.0 20.0 [ETASET: VES & RARRLI UF
[FATASET: VES 5 LOCHORELSNE WP R /2 N RESTSTIVITY
HUMEER 1Es2 M BESTSTINITY 1 1. 600000 0,500000  164.132529
1 1. 600000 0. 500000 58, 300008 2 Z2.000000 0. 500000 128. 500000
. ) ) k] 2.500000 0.500000 95. 440002
z ., 000000 0.500000  65.839556
H 2 so0000 o aonoOD 8% 340000 % 2,200000 0,500000  7&.230003
2 5 zooooo o sooooo S0, 750000 5 4.000000 0.500000 55.772329
. ) ) 3 5.000000 0. 500000 50.930000
5 4,000000 0.500000  57.1§9550
. = tooooo b.zoooon 48, giocoo 7 6.300000 0,500000  39.600000
] 2.000000 0,500000  29.000000
7 6, 300000 0.500000 48, 369E8%
El 10.000000 0,500000  26.020000
e &.000000 0.300000  10.795535 10 13.000000 0,500000  31.798008
] 10, 000000 0.500000  30.040001 . : .
10 i oonooo o sooono %5 zzoooi 11 16.000000 0,500000  19.270000
" P n.sonnon 51, 3ses5s 12 20.,000000 £,000000  21,000000
12 20 000000 s oooooo 6. poocoo 13 25.000000 5,000000  z4.000000
13 25, 000000 5.000000 57.000000 14 2.000000 £.000000 27.000000
12 3%, 000000 5.000000  S6.000000 15 40,000000  10,000000  33,000000
15 40, 000000 10.000000  75.000000 16 50.000000 10,008000  38.000000
18 s0. oooooo 10.ooopoe 91, oooooo 17 63.000000  10,000000  49.000000
17 63.,000000 10.000000  126.000000 1 §0.000000  10,000000  £1,000000
1s 80, 000000 1D.000000  1S0.000000 19 100.000000 25.000000  &4.000000
1o 100, oooooo ?s.oonnoo 170, oonooo 20 125.000000  25.000000  105.000000

Recommended drilling site

VES 5: Co-ordinates Degrees 035° 39" 01.6"E; 02° 19" 15.2"'S. Alt 792m ASL

VES § KA

LI WP

ot ety b
1

1

W i

m 1

Recommended drilling site

S3-1 Lolupe

VES 1: Co-ordinates Degrees 035° 38’ 46.3”E; 02° 35' 42.6"S. Alt 743m ASL

WES 1 LOCHWRAA WUA LOREKG
T T

S&4 Loreng

VES 4: Co-ordinates Degrees 035° 41° 59.3"E; 02° 39" 02.7"S, Alt 664m ASL

WES 4 LOCHWAA WUR LORENE

i

uady i
1

1 1 m 1 1 0 m an
i o i
[AODEL: VES 1 LOCHWAL WUA LORENG MCDEL: VES 4 LOCEWAL WUE LORENG

LAYER RESISTIVITY  THICKNESS DEPTH LAYEE EESISTIVITY  THICKNESS DEPTH
1 10.0 2.1 2.1 1 z80.0 z.0 z.0
2 8.0 3.1 5.z 2 188.8 6.0 8.0
3 38.0 15.8 21.0 El “0.0 17.0 250
2 5.0 43.0 64.0 4 55.0 85.0 110.0
5 280.0 . .

A e amra T my mesrsrrerre [PATASET: VEZ 4 LOCHWAL WU LOBENG

1 1.600000 0.500000  45.360001 HUMEER M0 RERISTIVITY
2 2 ooonon 0 coo000 o .e10001 1 1. 600000 0.500000  241.3800085
3 2. 500000 0. 500000 52.049999 2 2.000000 0.500000  216.770004
M % 200000 0 =oonoa 4 zocgss El 2.500000 0.500000 182750000
s 4. 000000 0 s00000 78849858 4 3.200000 0,500000  199.392999
& 5.000000 0.500000 62.700001 = 4.00ooon 0.500000 184530005
7 s.300000 0.500000  61.130001 3 5.000000 0.500000  170.390005
] 8.000000 0.500000 54.200001 ’ F-soonon 0.s00000 151279999
El 10.000000 0.500000 48.200001 8 8.000000 0.500000  188.800003
10 13 .000000 0.500000 44.520000 = 10.000000 0.500000 178870001
11 16.000000 0.500000  41.750000 10 13.000000 0.500000  12+4.500000
12 20.000000 5.000000  43.000000 11 16.000008 0.500000 90.730003
13 25.000000 5.000000  47.000000 1% z0.000000 5.000000 71 .000000
14 32.000000 5.000000  42,000000 13 25.000000 5.000000 89 .000000
15 40.000000 10.000000  51.000000 14 32000000 5.000000 23 000000
16 50.000000 10.000000  66.000000 15 40.000000 10.000000 89000000
17 £3.000000 10.000000  65.000000 16 =0.00o0C0 10.000000 80000000
18 80.000000 10.000000  85.000000 17 £3.000000 10.000000 90000000
19 100.00000D  £5.000000  99.000000 1B £0.000000 10.000000 21.000000
20 125.000000  25.000000  130.000000 15 100.000000 £5.000000 95.000000
21 150.000000  25.000000  190.000000 20 125.000000 £5.000000 320000000

Recommended drilling site

Source: JICA Project Tee

FigureBD®6.2.7 VES Curves (6)

Nippon Koei Co., Ltd.
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Figures

S4-2 Nakejuamosin SE-1  Ngimamk

VES 1: Co-ordinates Degrees 035° 42" 46.5"E; 02° 36" 21.2"'S, Alt 676m ASL

VES 2: Co-ordinates Degrees 035° 30° 00.1"E; 02° 32' 09.5”S, Alt 794m ASL

VES 2 LOCHWAR WUA
i T T

WES | LOCHWAR WUA NGINA
T T

m

et il
L
1

T T T T T n m
W im

' " Y 00 TEL: VES 1 LOCHUAR WUA NGIEL
il LAVER EBESISTIVITY THICIMESS LEPTH
[HGTEL: VES Z LoCHWAR WOL f sa3.0 1.z .z
LAYER RESTSTIVITY THICKNESS DEETH 2 G6.6 4.9 8.1
1 62.0 2.5 2.5 2 2e.0 0. 1.0
2 23,0 3.s 6.3 . Saan @0 s0.0
i 2.8 18.7 2£.0 [PATASET: WES 1 LOCEHUAL WUL NGIML
® 27.8 95.0 s0.0 NUMEER LB/2 MM BESISTIVITY
3 130.0 1 1.s00000 0.500000 460750008
[PATASZT: VIS 2 LOCHWAL WL El 2.000000 0.500000  298.420013
HUMEER AB/2 MM RESLSTIVITY a 2500000 a.s00000 176220001
1 1.600000 0,500000  52.3990002 4 3.zo0000 0.500000 110.239998
2 Z.000000 0,500000  47.790001 5 4.000000 0.500000  94.239990
3 z.500000 0,500000  51.500000 6 5.000000 0.s00000  AA.513397
« 2.200000 0.500000  50.610001 7 €.300000 0.500000  71.540001
s 4.000000 0.500000  S0.080001 o §.000000 0.500000 66.599390
& 5.000000 0.500000  15.320000 = 10.000000 0.500000  4s.730000
- 5.300000 0.500000  48.9s0000 10 13.000000 0.500000  36.000000
2 5.000000 0,500000 4% .000000 11 16.000000 D.so0000 22.000000
10000000 0.500000  35.795999 1z 20.000000 5.000000 £8.000000
10 13.000000 0.500000  49.270000 12 #5.000000 S-00B00G 25000000
11 16.000000 0.500000  40.150002 13 2a.oooooo F-qoaoag o e2.an0000
15 40.000000 10000000 25.000000
12 20.000000 £,000000  28.000000 Ye  =o.ooooe 10000000 25000000
12 Z5.000000 e 22.000000 17 £3.000000 10.000000  160.000000
14 32.000000 5,000000  30.000000 1 eo.onooos 10 nonnon 140000000
15 40000000 10.000000 33, 7asses 15 1oo.0o00000 25.000000  90.000000
16 50.000000 10.000000  95.000000 20 125.000000 25.000000  130.000000
17 &3.000000 10.000000  30.s00000 .
18 B0.000000 10, 000000 31.000000 Recommended drilling site
19 100.000000  Z5.000000  S3.000000
20 135.,000000  £5,000000  47.000000
21 1S0.000000  25.000000  65.000000

E1-3 Lopii E2-2 Kaaruk«

VES 3: Co-ordinates Degrees 035° 52" 36.4"E; 02° 04’ 18.8”N, Alt 760m ASL VES 2: Co-ordinates Degrees 036° 04’ 04.17E; 02° 06” 20.6”'N, Alt 586m ASL

VES 1 LOPII
n WES 2 KAARUNG WUA
i

[ i n an

1 i 1m0 10m
[EDEL: UES 7 LOFIT s

LAVER RESISTIVITY  THICKNESS CEFTH [FOTEL: VIS Z RAARDRG WA
1 325.0 2.7 2.7 LAYER RESISTIVITY  THICKNESS DEETH
2 52.6 7.4 10.1 1 119.8 3.1 .
3 iE.0 30.9 £0.0 2 20,0 10,5 2.0
a 17.0 8a.0 130.0 3 26,0 8.0 100.0
s an.o 4 8.0

MATESET: UEa 3 LoPIT [FATBIET: VES = RABENEG Wi

NUNRER iB/2 WY RESIZTIVITY NTHEER AB/Z M9 RESTSTIVITY
1 1. 600000 0.500000  275.969350 ) 1. 800000 0.500000  93.133%a@
H 2.000000 0.500000  Z50.750000 z 2. oonoon 0.500000  £5.73000%
3 2.500000 0.500000 240789393 a 2. 500000 0.500000  82.470001
1 2.200000 0.500000  207.889300 4 2.200000 0.500000  73.070003
5 4.000000 0.500000 150, 659398 5 <, 000000 0.500000  69.000000
5 5.000000 D.500000 118, sS000z 5 5., 000000 0.500000  69.070000
7 €.300000 0. 500000 51.959398 7 & . 300000 0. 500000 59.283393
5 .000000 D.500000 54, lesEEy 5 @, 000000 0.500000  75.193597
) 10.000000 0. 500000 52.580002 ) 10, 000000 0. 500000 n0.000000
i0 12000000 0. 500000 51.4%9343 pli) 13, 000000 500000 ToLoooooo
11 16.000000 0.500000 49779399 11 16, 000000 0.500000  67.449007
1B 20.000000 5.000000  40.000000 1z 20.000000 5.000000  81.000000
13 25.000000 5.000000  44.000000 13 zs.000000 5.000000  9.000000
11 22.000000 5.000000  39.000000 14 33.000000 5.000000  54.000000
15 40.000000 10.000000  36.000000 15 40.000000  10.000000  48.000000
15 50.000000  10.000000  30.000000 15 50.000000  10.000000  71.000000
17 62.000000  10.000000  34.000000 17 £3.000000  10.000000  75.000000
18 80.000000 10.000000  19.000000 18 E0.ooonon 10.000000  31.000000
15 100.000000  25.000000  21.000000 13 100.000M00  2S.000000  28.000000
0 125000000 25.000000 23000000 20 125. 000000 Z5.000000 5&.000000
21 150.000000 25.000000 22 .000000

Recommended drilling site Recommended drilling site

Source: JICA Project Tee
FigureBD6.2.8 VES Curves (7)

Nippon Koei Co., Ltd. FD-31 The Project for Enhancing Community
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Source: JICA Study Team
FigureBD6.3.1 Basic Design of Hand Pump Apron and Animal Trough
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Source: JICA Project Team

FigureBD7.1.1 Location Map of Sub-projectsfor Construction and Rehabilitation of Water Pan
and Sand Dam in Turkana County
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Figures
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Source: JICA Project Team

FigureBD7.3.1 Plan of Kaabilikeret Water Pan
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Source: JICA Project Team
FigureB7.3.2 Construction General Layout and Typical Section of Nakisira Water Pan
Nippon Koei Co., Ltd. FD - 35 The Project for Enhancing Community

Resilience against Drought in Northern Kenya



ANNEX D Sub-Project - Natural Resource Management

\ i..

TG

bisting Spilvay
—_
—_—
=
=

/_ [

AN

[ T X

73000
L
90000

Erislity Splwuy

WEETEEE

LY

Yf

A
| N T YY1

-]
s

niet Chonnel

]y e

Casting Water Pan

ELSA2TS

L

Water pan

|
|
Intake chirinel

2y

New Water Pan

Refer to Drowing Humber R2—2-4 Rev—1 for Ewisting Weter Pan end Channcla Profiles Jetaia

Refer to Drowing Wumber R2=2-7i for Sections Details

All dimersions cre in nillimeters

oS

SECTION A-A (PROFIE)

Waler Pane PEn and PeeAle Jesia

Eduinon Weler von =

Dcter st 18, 2014,
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FigureBD7.3.3 Plan of Edukon Water Pan
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Source: JICA Project Team
FigureBD7.3.4 Plan of Kaalale Water Pan

Nippon Koei Co., Ltd. FD - 37 The Project for Enhancing Community
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Source: JICA Project Team
FigureBD7.3.5 Plan of Nachuro Water Pan
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