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1. General introduction 

1.1. Background 
The ‘Scale up of Sustainable Water Access’ (SUSWA) project was conceived by WML, Aqua 
for All and AMREF in a mutual agreement to build on the WASHEC project’s heritage. It 
contributes to AMREF’s ambition of achieving sustainable water access to communities it 
works with. Specifically, the SUSWA project intends to: 

 use momentum of previous projects and collaboration in providing water to 
communities in Kajiado County; 

 diversify water access strategies in order to sustain water availability; 
 scale up sustainable access to water by virtue of synergy with parallel Dutch WASH 

Alliance Programme; 
 tap into each others’ knowledge and expertise through continued knowledge 

exchange missions. 
 

1.2. Focus 
The main objective of the knowledge exchange missions is to increase the capacity of 
AMREF and other WASH Alliance Kenya (WAK) members in their efforts to provide 
sustainable water access. The missions of the SUSWA project so far are focussing on 
knowledge sharing of strategies to diversify water access, specifically on 3R technologies, 
GIS and GPS tools and geophysical measurements. 
The objective of the May 2015 KEx mission is mainly on groundwater monitoring, water point 
mapping, as activities in the understanding of the groundwater system. Hence, the specific 
objectives will include: 

 Water mapping exercise and discuss all relevant issues on water mapping. 
 Ground water monitoring (water levels and quality). 
 Connections of surface and groundwater systems and Integration of 3R and ground 

water technologies. 
 Effective water treatment options for community water sources. 

 

1.3. Outline of the report 
This report gives a brief overview of the achievements made during the knowledge exchange 
mission. First the activities and findings of the mission are described, followed by the 
conclusions and recommendations on the different subjects. 

As part of the knowledge sharing and make all information easily accessible to everyone this 
report and additional information such as books, websites and maps referred to during the 
mission are made available on this website: http://www.samsamwater.com/suswa. 
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2. Activities and findings of the KEx mission 
  
The main objectives of groundwater monitoring and water point mapping were exercised in 
an integral approach of understanding the Kajiado groundwater system, its geology, water 
levels and water quality. This was done by combining information from fieldwork, digital maps 
and (some) hard copy completion data from boreholes. A large group of about 30 
participants, including the appreciated attendance of Kenya Government representatives 
actively contributed in discussions and the integrated process of understanding the Kajiado 
groundwater system. All of them using modern technology as Google Earth and Smartphone 
applications. 
 

2.1. Water point mapping 
The first step to get insight in a groundwater system is to have a look at existing data. Water 
point mapping is a very useful tool for this. For this training session we decided to use the 
AKVO Flow tool to exercise this water point mapping. 
 
AKVO Flow (http://akvo.org/products/akvoflow/) is a tool to carry out data collection and 
analysis in a convenient way. Data is collected using a Smartphone, transferred 
automatically to the server (‘the cloud’) where it is stored and can be accessed for analysis. 
Using this system multiple users can collect data, while all data remains synchronised and 
the complete dataset is available to all users. In this case we used it to collect information on 
water points, but the same tool can be used for all other kinds of data collection or surveys. 
 

 
Figure 1 Concept of the Akvo Flow tool 
 
After Andrew Molo and Chiel Hendriks of Akvo explained the functioning of Akvo Flow all 
participants installed the software on their phones and carried out a short exercise on the 
ACK compound to get acquainted with the software. After this exercise we have used the 
Akvo Flow tool to register the location and information on all the other water points visited 
during the week. 
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Figure 2 Participants using the Akvo Flow tool on their smartphones (photo by Chiel Hendriks) 
 
Since this was just a training exercise we used an existing survey format (‘questionnaire’) 
that had been used for an earlier water point mapping carried out by SNV in Kajiado. If you 
were to set up a new water point mapping project it is recommended to adapt the survey to 
the specific circumstances and objectives of the project. 
 
During the week the participants collected all kinds of information on the water points that 
were visited, such as: 

- Name of the water point 
- Location (stored automatically using the smartphones’ built in GPS) 
- Owner 
- Depth of the borehole 
- Type of pump 
- Photo (taken using the smartphone) 
Please note: there are many more items to be collected.  

 
All data is stored in the database (the ‘dashboard’) where it can be viewed, analysed and 
exported. 
 

2.2. Groundwater monitoring and the use of dataloggers 
Groundwater levels can be measured by hand (measuring tape or electric dipper) or 
automatically by a datalogger. We practised the use of Diver dataloggers1 . The logger 
measures the pressure at a preset frequency. The data is stored in the internal memory of 
the instrument and can be recovered from the logger after e.g. one month or even after one 
year. The advantage of using dataloggers is the large number of measurements that are 
being taken automatically; A Diver can take for instance readings every minute and store the 
data over a period of one year without physically going to the water point.  

                                                 
1 Diver data loggers: Schlumberger Water Services  Van Essen instruments 
http://www.novametrixgm.com/groundwater‐monitoring 
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However, even such a fine instrument can break down or can be vandalized or stolen. Hence 
for comparison and checking it is wise to do regular measurements by hand. 
The operation of dataloggers was practised in a classroom training. Subsequently one of the 
loggers was installed in a private borehole (HARAF Ltd traders) close to the Kajiado River. 
The co-operation of the HARAF Company in using their borehole for our training purposes is 
highly appreciated. 
 

 
Figure 3 Diver data logger just before installation in the (narrow) 1” dipper tube of the borehole. 
To get it down to 70 meter depth the logger was successfully weighted by nuts  
 
The resulting graph of the water level in the borehole was used to discuss important 
monitoring issues such as the ‘Water Rest level’ and the ‘pumped water level’.  
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Figure 4 One day behaviour of groundwater level in a private borehole on the bank of Kajiado 
River; measured by a Diver data logger at 30 minutes frequency. The influence of pumping is 
clearly visible. The high water levels represent the ‘Rest Water Level’ and the lowest are the 
‘Pumped Water levels’ 
 
The long term behaviour of the Water Rest level will tell whether the water level is lowering 
due to either natural causes or over-pumping. We decided (for the time being) to leave the 
logger in the HARAF borehole and to continue the monitoring for some time and report on 
the results. Meanwhile AMREF and Kajiado County Water Office should decide on a 
permanent monitoring programme of the Kajiado groundwater level. 
 

2.3. Water quality measurements 
Water samples were taken from 4 Kajiado boreholes. The samples were indicatively 
analysed on some major chemical parameters. All participants took part in this group training 
session, using the available field test kits. The meaning of the test results for water quality 
and pollution were discussed. 
 

Water level in HARAF borehole May 27/28, 2015 
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Figure 5 Comparison of water quality analysis results from the different water point and groups 
 
It is important to note that the most important parameter for microbially safe drinking water, 
indicated by the absence of E-coli, was not (and cannot easily) be measured with these field 
test kits. 
 
The tested values were generally within Kenyan Water Quality standards. Most striking was 
the indication of high nitrate contents in two boreholes located in the highly populated centre 
of Kajiado town. The two boreholes outside town had no measurable nitrate contents. Nitrate 
is indicative for pollution by agricultural practises or waste water. The indicated high nitrate 
levels are a serious reason for further testing on water safety and to consider further action to 
protect the area from unsafe sanitation practises. 
 
The field test strips showed some indication of elevated Chloride content. This could 
however not be checked by water conductivity (EC), since there was no (handheld) EC meter 
available. 
 
The content of the field test kit was in a bad condition. Most of the liquids and colorimetric 
test strips were over datum. They obviously had not been used frequently. AMREF should 
reconsider their practise with the use of these field testing kits.  
 

2.4. Understanding the hydrogeological system 
Based on all combined information it is possible to get an understanding of the hydrogeology 
of the area and the functioning of the groundwater system. In this case we combined 
information from: 

 Akvo Flow (location and information on the boreholes) 
 Google Earth (location, elevation and cross-sections) 
 Geological maps (type of geology, cross-sections, fractures) 
 Borehole reports (depth of the borehole, types of rock encountered while drilling, 

water struck level, water rest level at time of construction, water quality) 
 Field measurements (water level, water quality) 
 Field observations and information collected from interviews (depth of borehole, 

extraction rate, rock types in the surroundings) 
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 Datalogger measurements (changes in water level in time, pumped water level, 
water level between pumping) 

 

 
Figure 6 Field discussion on the different rock types in the area and their relation to 
groundwater recharge (photo by Chiel Hendriks) 
 
For our case study we combined all gathered information on the boreholes in several cross-
sections. By drawing all information on scale in one figure this gives insight in how the 
different locations relate to each other. For example the profile that is shown in Figure 7 
shows three boreholes. From left to right: the Haraf borehole outside of town near the river, 
the Remo borehole in Kajiado town and on the right the borehole of the Ministry of Water on 
the outskirts of Kajiado town. 
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Figure 7 Schematic cross-section with three boreholes around Kajiado town 
 
The boreholes are a few kilometres apart and vary several tens of metres in altitude, the 
borehole in town being higher than the borehole near the river. By combining data sources 
(borehole completion records, diver dataloggers, etc.) we were able to determine the water 
rest level for each of them. These water rest levels varied greatly from 17 to 58 metres below 
surface. But when drawn on the profile relative to sea level it showed that the level was 
actually almost the same for all three boreholes. 
 
When combined with geological information from the borehole completion report we could 
conclude that most probably all three boreholes collect water from the same 
weathered/fractured geological formations. Groundwater recharge can take place in both the 
higher areas (rainwater slowly seeping down the weathered top zone of the rocks) and near 
the river where the water bearing rock formations are closer to the surface. 
 
This proves that, despite we didn’t have a complete set of data, by combining all kinds of 
data sources and properly combing this information you can get insight in the hydrologeology 
of the area and gain insight in the functioning of the groundwater system. 
 
This is very useful for planning new boreholes, planning groundwater mapping and 
monitoring campaigns and to determine risks of depletion and pollution of the groundwater 
system. For example it was noted that the boreholes in Kajiado town contain elevated level 
of nitrate. This might indicate that urban waste water is slowly infiltrating into the aquifers 
which might pose a risk for water quality in the (near) future and proves the importance of 
proper waste water disposal/treatment. 
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2.5. Water treatment 
Together with the participants it was decided that because of time constraints we only did a 
short session on water treatment of community water sources and treatment at household 
level. During this interactive session several questions and issues were raised which were 
discussed with the whole group. 
 
Additionally the experts gathered a list of useful documents on the raised topic, mainly: 

 Borehole construction and protection 
 Cleaning and disinfection of boreholes 

 
These documents were distributed digitally to all participants and will be made available 
online at www.samsamwater.com/suswa 
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3. Conclusions, recommendations and follow-up 

3.1. Groundwater monitoring 
Regular and long term organized ground water level monitoring is important, especially now 
that water levels are expected to be lowering due to environmental degradation and massive 
extractions. To assess sustainability and to be able to regulate groundwater extractions, 
and/or artificial groundwater recharge enhancement, there is an immediate need to develop 
a regional monitoring plan for Kajiado County. 
 
Before setting up any groundwater monitoring programme, it is required to understand the 
groundwater system: type and extension of aquifers, recharge type, water point location, 
yields, and water depths, indicative water quality and potential sources of pollution. 
 
To be able to analyse and assess sustainability it is required to establish the weekly (or 
preferably daily) Water Rest Levels (WRL) in monitoring points over a period of at least two 
years and to assess the seasonality from daily rainfall data  
 
Monitoring points are to be selected at some strategic locations. For Kajiado it is advised to 
select three monitoring points. One of them should be in the centre of town. 
 
AMREF staff in Kajiado should give some feedback to HARAF Ltd management on the 
results of the practical training that was done on their borehole during this mission. Their co-
operation is highly appreciated.  
 
Technical issues 
Monitoring should preferably be done in dedicated monitoring multi-tube wells. These are 
special small diameter boreholes that are not used for pumping water. If the construction of 
such monitoring boreholes is too expensive, existing production boreholes or wells can be 
used. The pumping from these water points however complicates the determination of the 
water rest level if the measurements are done by hand. For pumped boreholes it is therefore 
advised to use pressure dataloggers (like Diver) at a frequency not lower than 30 minutes. 
  
For pumped monitoring boreholes the screen depth must be known and the screen must be 
in the target monitored aquifer. 
 
For monitoring purpose, boreholes need an opening on top, allowing measuring the water 
level. Many Kenyan boreholes are capped without such an opening (leading to a “dipper 
tube”, also called ‘airline’). 
 

3.2. Field Instruments 
AMREF should reconsider their practises in using indicative water quality field testing and the 
required equipment. 
 
It is advised for the AMREF technicians to stick just to the most relevant equipment, being: 

 Handhold EC meter (e.g. Hannah) 
 Colorimetric test strips for Nitrate, Fluoride and Chloride 
 Electric dipper (preferably 150m or even 200m length) 

 
General note on these equipments: AMREF should have (at least) two sets of these 
instruments, so that this basic equipment is also available for technicians (like Kithuku and 
Omangi) working in other areas. 
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3.3. Dataloggers 
Most of the borehole dipper tubes (if any) are 1“ internal diameter. Although the Diver 
dataloggers are 21-22mm in diameter and thus should fit in the airline, there is minimal 
space left and there is a risk of loggers getting stuck at joints in the tube. 
It is therefore advised to use the ‘new’ micro diverloggers which are just a bit smaller (18-
19mm) in diameter.  
 

3.4. Data availability 
Geohydrological studies are seriously hampered by the lack of technical information from 
existing boreholes. Borehole completion reports are not readily available.  
 
It is advised to AMREF and Kajiado County Water Office/WRMA to: 

 Digitize borehole completion reports or at least to apply proper filing practises. 
 The reports should be easily accessible and should be disseminated. 
 Create a platform for accessing all ground water information on Google drive, Cloud 

or MoW website. 

AMREF and the County government are already working on a project to digitize borehole 
information and make this data online accessible. This is highly praiseworthy and 
internationally AMREF and the Kajiado County are pioneers to do so. 
 
AMREF should decide on how to proceed with systematic Water Point Mapping. How to 
partner with GOK and WAK members? What software to be used? In case of using Akvo 
Flow a specific ‘questionnaire’ needs to be defined. 
 

3.5. TDEM geophysics 
In the 2014 SUSWA KEx mission the new Technology of TDEM (Time Domain 
Electromagnetics) was introduced. In theory, TDEM has a larger ‘exploration depth’ (‘can 
look deeper’) than the traditional terrameter VES. The TDEM technology is being used by 
KenGen Ltd for thermal energy exploration. The research challenge is to see what the added 
value of TDEM can be in groundwater surveying and characterization of deeper aquifers in 
particular. It is expected that the combined use of TDEM and VES can provide essential 
additional information on deeper geology, beyond 100 m.  
 
The TDEM demonstration in 2014 did not yet bring the expected results. Most probably the 
reason was a failure in the equipment. It is decided to carry out one more decisive TDEM test 
sounding, that should take place in August/September as a separate technical SUSWA 
activity. KenGen is requested to make all the required technical preparations in close co-
operation with the Dutch geophysical expert Michel Groen (VU/SamSamWater).  
 
The results will be presented and discussed during the technical part of the SUSWA 2015-II 
evaluation mission that is expected to take place by the end of the year. 
 

3.6. Evaluation mission 
The SUSWA project is coming to an end this year. The findings and revenues of the project 
will be evaluated in a three days evaluation meeting, to be held in October or November 
2015. During the mission also some technical issues such as the TDEM geophysics, 
Monitoring programme and Water point Mapping should be presented and discussed.  



 
List of Appendices 
 
Appendix 1 – Program 

Appendix 2 – List of participants 

Appendix 3 – Exercise with the dataloggers 

 
 
 



  1 
 

Appendix 1 - Program 

 

  
    
24-May Sunday Travel to Kajiado (ACK Guest House). Evening meet & greet and 

joint diner.  
25-May  Monday Introduction participants and programme. Introduction AKVO Flow 

tool for Water Point Mapping. Practical team cell phone exercise 
using AKVO Flow on the ACK premise Water facilities. 
Presentations and discussions on Groundwater & Drought 
management by Government representatives from Kajiado Water 
Office, WRMA and National Drought Management Authority (NDMA)  

26-May Tuesday Exercise to understand Kajiado geology and groundwater system in 
Geohydrological E-W profiles from Kajiado River to Kajiado Town. 
Field exercise to HARAF borehole practicing AKVO Flow Water 
point interview and borehole monitoring and visit to HARAF farm 
(HARAF Traders Ltd). Assessment and discussion of AKVOFLOW 
results back in the office. 
Practical training on the operation and use of Diverloggers and 
Diver-Office software.   

27-May Wednesday Field work. Installation of Diver logger in the HARAF borehole. 
Field work in 2 groups, visiting 5 boreholes along the 
hydrogeological profile line, practicing AKVOFLOW cell phone 
interviews and community interviewing.  
Reporting back on fieldwork results and update of Hydrogeological 
profile. 
Indicative water chemical testing (in 4 groups) of the water samples 
taken from the boreholes. Overview of the results. 
Introduction and discussion on Water Treatment, in particular 
disinfection procedures.  

28-May Thursday Collection of essential technical reports of boreholes 
Recovery and data download of Diverloggers ( Baro and Haraf 
borehole). Presentation of results (behavior of borehole water level 
within one day) 
Introduction of household treatment options (from ‘smart disinfection 
solutions’ booklet)  
Update of geohydrological profile from new field data and technical 
completion reports. Concluding discussion to come to understanding 
the behavior of Kajiado groundwater aquifers. 
Preparing for group presentations (3 groups).   

29-May Friday Group Presentations by the participants and discussions 
Wrap up with conclusions and recommendations.  
 travel to Nairobi KCO, debriefing with George Kimathi  
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Appendix 2 - List of participants 

  

Name Organisation Email

Philip Sataton NOSIM smeteurr@gmail.com 

Terry Makena AMREF Health Africa t.makena@yahoo.com 

Dennis Munai AMREF Health Africa Dennis.Munai@AMREF.org 

Christine Kasaine AMREF Health Africa xstinek@yahoo.com 

James Ramaita Dupoto-e-Maa kramaita@dupoto.org 

Beatrice Towet AMREF Health Africa chepkoris_beatrice@yahoo.com 

Joseph K. Kasere NOSIM nosimwomenorganization@gmail.com 

Samwel Jakinda NIA sjakinda@yahoo.com 

Gabriel Mwaura AMREF Health Africa gabrielmwaura@yahoo.com 

Eric Kariuki AMREF Health Africa Eric.Kariuki@AMREF.org 

Peter Omangi AMREF Health Africa Peter.omangi@AMREF.org 

Patrick Mainka AMREF Health Africa Patrick.Mainka@AMREF.org 

Kenneth Ochieng AMREF Health Africa Kenneth.Ochieng@AMREF.org 

Wesley Langat AMREF Health Africa wesley.langat@AMREF.org 

Keith Rono Maseno kthrono@gmail.com 

Harry Rolf SamSamWater harryrolf@samsamwater.com 

Sander de Haas SamSamWater sanderdehaas@samsamwater.com 

Joel Sheti Water Office Mashuuru jsheti@gmail.com 

Simon Kithuku AMREF Health Africa kithukusimon@yahoo.com 

Dorcas Njoroge Kajiado County Water Office dorcasnini@yahoo.com 

Reuben Mwinzi Sasol mwinzireuben@gmail.com 

Joseph Thuo NETWAS thuo@netwas.org 

John Lekishon NIA johnylonky@yahoo.com 

Paul Memusi  AMREF Health Africa memsi2001@gmail.com 

Marion Joseph  marionjosephis@yahoo.com 

Andrew Molo AKVO andrew@akvo.org 

Giel Hendriks AKVO giel@akvo.org 

S.S.ole Timoi Dupoto&Maa sstimoi@gmail.com 

Patrick Mwangi Practical Action kamandepatrick20@yahoo.com 

Benedict Erick Omondi KEWASNET b.omondi@kewasnet.co.ke 

Patricia Musau WRMA Machakos musaupat@gmail.com 
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Appendix 3 – Learning exercise on the operation of dataloggers 

After explanation of the operation of the logger using Diver-Office software, we did an 
exercise by starting and stopping the diver and measuring the water level in a water bottle. 
The next day a diver was installed in a private borehole close to the Kajiado River and one 
day later the data from that diver was recovered and processed.  

 

Training exercise in a Water bottle (results of group3) 

 

The diverlogger was started (17:07) at a measuring frequency of 1 second. 

At first it is just reading atmospheric pressure (blue line) at appr. 844 cm H2O. 

The diver was put in a bottle of water at 17:09, first filled half (7 cm and than filled to the top 
14 cm. At  17:12,5 it was slowly (in 3 seconds) taken out and the pressure falls back to 
atmospheric. When the atmospheric pressure is abstracted, you will nicely get the behaviour 
of the water column inside the bottle. In real life, used in a monitoring point there is one 
separate diverlogger (the ‘baro Diver’) hanging in the air, giving the atmospheric pressure 
over time.     

The temperature of the diver was high at the beginning because of an experiment just 
before. The temperature is just slowly going back to room temperature (24,5 gr C). It takes 
time for the sensor to cool down, even when it is in the water. 

 

HARAF borehole Diverlogger. 

The lowest Water Level (the required position of the Diver in the airline) was estimated at 
70mbgl. It was difficult to get the diver in the 1”airline to that depth; obviously the logger 
couldn’t sink down in the water due to its weight. We put more weight on the logger by 
adding a lot of nuts over the connecting stainless steel line, on top of the logger (photo). 
Doing that, the diver could sink down to the required 70m depth. 
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The diverlogger was set to a 30 minutes frequency and an additional diver (the ‘Baro Diver’) 
was hanging in the AMREF ACK office (out of the sunshine to avoid big temperature 
changes). 

The data from both divers (the borehole diver and the Baro Diver) were downloaded the next 
day. 

Results  

After abstracting the barometric pressure from the borehole diver the result is the pressure of 
the water column on top of the diver in the borehole. Since we know that the diver hangs 
70m below the top, we need to abstract 70m from the data to get the following graphic result, 
giving the water level in the borehole in meters below the reference point (the top of the 
casing). 

 

The first 4 and the very last measurements should be left out, because they are done while 
the diver was in open air, out of the water.  

After the pump has stopped, it takes time for the water level to stabilize to the actual  ‘Water 
Rest level’. After 5 hours of no-pumping the WRL reaches 17,8m below the top of the casing. 
The graph clearly shows how difficult it would be to measure the PWL (Pumped Water Level) 
by hand: it highly depends on the time since the pump was stopped. Just after stopping the 
water level drops to -40/-50m, but after 5 hrs of stopping the level drops further to 62,4m.  

Please note an interesting phenomena in the graph (red circles): there is a small change in 
gradient when the water level reaches -55m. Obviously a part of the aquifer falls dry when 
the water level falls beyond that depth. 
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