UNEP/GEF Medium Sized Project Brief

	Project Identifiers

	1.   Project name: 

Joint Geophysical Imaging (JGI) Methodology for Geothermal Reservoir Assessment
	2.   GEF Implementing Agency:

UNEP

	3.   Country or countries in which the project is being implemented:

Kenya
	4.   Country eligibility:
Kenya signed the UNFCCC on 30/08/94 and is eligible for GEF funding

	5.   GEF focal area:

Climate Change
	6. Operational program: 

OP 6.  Promoting the Adoption of Renewable Energy by Removing Barriers and Reducing Implementation Costs.



	7.   Project linkage to national priorities, action plans, and programs:

Kenya’s national interests are served through increasing the supply and reducing the cost of geothermal power. This renewable energy source reduces fossil fuel imports, reduces national environmental pollution, and provides needed power generation capacity. Increased reliance on geothermal energy over fossil fuels also reduces global CO2 emissions in keeping with the UNFCCC. The project is urgent from the point of view that there is a need for a significant increase in power generation capacity (725 Mw over the next 17 years) that will be developed as diesel plant unless other resources can be brought into range. 

The proposed project will accelerate and broaden investment in geothermal power in Kenya through the transfer and adaptation of an advanced geophysical exploration methodology. A basic capacity for geothermal resource assessment exists at the Kenya Power Generation Company (KenGen) geothermal energy laboratory at Olkaria.  The activities of this laboratory have, however, been primarily focused on the Olkaria geothermal field.  While major geothermal resources are anticipated elsewhere in the Kenyan Rift, without further geophysical information geothermal development will lose out to fossil fuels in filling the currently projected power demand. The proposed project seeks to remove this barrier to geothermal investment by expanding KenGen’s geophysical exploration capacity and effort beyond Olkaria.  The expansion will include new geophysical equipment, practical training in advanced data analysis, and a field and drilling study of the new geothermal resource at Longonot.  

While geothermal development is consistent with Kenya’s interests there is a lack of adequate policy as noted in the World Bank Energy Sector Reform initiative and KfW.  The electricity market in this country is evolving toward deregulation and separation of generation and distribution companies.  It is also engaging independent geothermal power producers and other renewable and medium-speed diesel investors.  KenGen plays a public role as the as Executing Agent for Geothermal Exploration and Development for the Kenya Ministry of Energy under the current power sector evolution. The knowledge base and services of the KenGen geothermal group are available to the public and private sector through consulting agreements.  Initially, the advanced exploration methodology will be available to the East African geothermal community through these channels.  Ultimately, under a separate initiative, UNEP intends that such agreements would be extended or supplanted through a African Rift Valley Geothermal Centre open to other countries in the region, financiers, financial mechanisms and technology providers. 

Kenya has experienced a prolonged drought in the La Nina cycle of ENSO. As a result, hydroelectric dams water levels have run low, necessitating emergency installation of many megawatts of fossil fuel driven generators.  Further, because of urgent energy needs over the next several years, Kenya is considering adding as much as 725 MW more of fossil-fuel power generation in the years 2001 to 2019 (Kenya Power and Lighting Co. ltd.  – Least Cost Power Development Plan Update, 2001).  Plans to test drill for new geothermal resources in areas other than Olkaria are not being pursued due to lack of high-quality assessments. The proposed transfer of advanced methodology for location of zones of high permeability within geothermal reservoirs would remove this barrier.  With this methodology the cost of geothermal power can be reduced below that of fossil fuel power.

In 2000, KenGen and Duke University completed a US Department of Energy (USDoE) and KenGen supported pilot study of reservoir location and assessment in the central Kenyan Rift. The study focused on improving microearthquake and electromagnetic mapping methods and interpretation in the Rift. A new higher-resolution, joint geophysical data collection and interpretation method based on this study should yield the high-quality assessments needed for further geothermal development.  The method combines high-resolution earthquake (MEQ), electrical resistance (MT/TEM), and self-potential (SP) measurements into a Joint Geophysical Imaging, or “JGI” map of a potential reservoir’s subsurface characteristics.

The JGI methods are being used with existing data to develop a conceptual model of the Greater Olkaria Geothermal Area (GOGA).  Its results are assisting in the development and management of this known resource. The proposed JGI project will put into practice the lessons learned in the USDoE/KenGen-supported study.  The project includes the use of new types of instruments, deployment schemes, and data interpretation methods to overcome the difficulties associated with Rift geology and field conditions. By combining the MEQ, MT/TEM, and SP exploration approaches, the JGI method will enhance the value of all these data and improve the targeting of high production wells by identifying high permeability zones.

Development of the Longonot geothermal field is a KenGen priority.  KenGen plans to drill at Longonot after completing the current set of wells in Olkaria Domes.   KenGen has already laid pipes for water and installed pumps at the water intake point and purchased drilling materials to be used in drilling one well. However, because of the thick cover of volcanic ash that is concealing Longonot’s resources, KenGen management would like further assurance that the test well is actually targeting a zone of significant power production. Resource assessment limitations have thus prevented KenGen from drilling at this site.  The JGI project is intended to overcome this barrier.



	8.   GEF national operational focal point and date of country endorsement:

B.O.K K’Omudho, Ministry of Environment and Natural Resources, 8 April 2002

	Project Objectives and Activities

	9. Goal:

Increased development of geothermal energy in place of diesel generation.  Lowered cost of geothermal exploration and drilling.

Geothermal energy becomes a preferred choice in diversification of baseload power capacity, particularly in drought prone areas.

 
	Indicators:

Increased proportion of electricity generation by geothermal power plants and reduction of GHG emissions intensity.


	10. Project outcomes:

Accelerated geothermal energy development in East Africa possibly including extension to other East African Rift countries through GEF cofinanced program for the region.

A sustained capacity for improved geothermal reservoir assessment in Kenya.  

 
	Indicators:

Improved assessments of geothermal energy potential for areas outside of the known resource at Olkaria.

Test well results improve so that average well production is greater than 2.5 Mw.

Up front drilling costs for geothermal power plants are reduced.

Share of geothermal energy gains over fossil fuel in Kenya

KenGen consulting services in demand with subsequent involvement in regional expansion of similar projects.

 

	11. Project activities 

1. The construction of a dedicated, portable seismographic-MEQ, electrical resistance-MT/TEM, and self-potential-SP instrument pool, support laboratory, transport, and field logistics capacity for expanded geothermal exploration and well-siting. 

2. The completed development and adaptation to Kenya of a combined or “joint geophysical imaging” microearthquake, electrical, and self-potential data collection, analysis, and interpretation method. 

3. The application of the JGI analysis and interpretation to the data collected with data from the new MEQ, MT/TEM, and SP instrumentation. 

4. KenGen test drilling based on the results of the joint inversion map of subsurface conditions. Potential high permeability zones will be targeted. 

5.  Technology transfer from Duke University to KenGen at both the scientist and technician levels.

6. Development of a strategy for replication through technical assistance, policy development and financial instruments in the Africa Rift Valley region. 
	Outputs:

A dedicated MEQ, MT/TEM, and SP instrument and expertise pool for advanced geothermal exploration and reservoir assessment.

Reports on a newly adapted JGI method that is focussed on Kenya Rift geology.

 The siting of wells based on the JGI mapping. 

A drilling test demonstration of the new methods. 

Advanced JGI training for a senior KenGen geothermal scientist and practical JGI training for KenGen technical staff members. Published geothermal journal papers and reports. 

A strategy document for involvement of multilateral and national agencies in geothermal energy investment in the region.

	12. Estimated budget (in US$):            

         GEF (no PDF requested):                                                          $  979,059

UNEP & other agencies “in-kind” contribution to strategy development:               $50,000
                  Co-financing Duke University (in kind):                                             $  244,246

       KenGen (well drilling and vehicles/facilities)                                               $1,460,018  

         Total Cofinancing (in kind and cash)                                       $1,754,264
                                      PROJECT  TOTAL:                                    $2,733,317  

	Information on institution submitting project brief

	13.  Information on project proposers:

Proposer:             Kenya Electricity Generating Company (KenGen) as Executing Agent for Geothermal            Exploration and Development for the Ministry of Energy. 

Chief Projects Development Manager

Kolobot Road, Parklands

P.O. Box 47936, Nairobi, KENYA

Phone 254-2-248833, 32020000

Fax 254-2-242454

E-mail jnganga@kengen.co.ke 

http://www.kengen.co.ke 

Collaborator:      Professor Peter E. Malin

Earth and Ocean Sciences

Civil and Environmental Engineering

Box 90235 - Duke University

Durham, NC 27708-0235

Vox (919) 681-8889 Fax 684-5833

       Email: malin@duke.edu
see Duke Seismology at

http://www.eos.duke.edu/Research/seismo/default.htm 

	14.  Information on proposed executing agency :

KenGen will manage and execute the monitoring and analysis operations of the project. 

Duke University will provide technical leadership and advice on scientific aspects of the project. 

UNEP will execute the development of a strategy for the region.

	15.  Date of initial submission of project concept:

Draft Concept Paper to A. Merla: February 26, 2001 

	Information to be completed by Implementing Agency:

	16.  Project identification number: to be assigned 

	17.  Implementing Agency contact person:

 Tom Hamlin, UNEP/DTIE Paris  tom.hamlin@unep.fr 

	18. Project linkage to Implementing Agency programs:
UNEP’s comparative advantage as an Implementing Agency in the GEF is the development of methodologies and assessments.  Dissemination will later occur through UNEP’s information and technology transfer mechanisms.  The Division of Technology Industry and Economics has mainstream activities in assisting investments in cleaner production and energy.  The methodology and tools will be available to other GEF agencies and investors generally. 




Project Summary 

Resource assessment barrier removal to geothermal development: Tapping a large potential to displace trends toward low-cost diesel.

The up front costs of locating and drilling to geothermal power reservoirs are major barriers to the development of this form of renewable energy. Whereas partial risk guarantees against drilling non-productive wells have been a common feature of recent GEF projects (e.g. IFC, IDB, and WB), the project proposed here aims at reducing this risk through technical assistance. The project will transfer and adapt Joint Geophysical Imaging (JGI) methods for assessing geothermal reservoirs to Kenya with potential impacts for the African Rift Valley. The resulting higher resolution and more accurate assessments will increase the probability of finding large, productive steam reservoirs in highly permeable formations. A strategic opportunity exists for geothermal energy expansion in the African Rift through combined technical and financial barrier removal. The project will assess a new drilling target area at Longonot. As discussed in the ANNEX A, several other potential reservoirs exist in the region for further expansion of this clean energy source. The project would result in a sustainable capacity for later exploration and targeting of these reservoirs. In parallel, efforts to expand the effort through a regional Geothermal Resource Centre and development fund are being pursued.

Background

The goal of this project is to accelerate the exploration and development of geothermal power in Kenya by and reducing the risks and costs in its development.  A recent update of the KPLC  Least Cost Generation Expansion Plan (2001) calls for 512 MWe of geothermal electric power to be installed by the year 2019.  As can be seen in Table 1, this is only one third of the anticipated generation increase in this time frame. 

Table 1 Recommended Least Cost Generation Expansion Plan
	Fiscal Year
	Project
	Generation Addition , Mwe

	
	
	Hydro
	Imports
	Geothermal
	Diesel
	Total

	2001
	
	639
	
	57
	296
	992

	2002

2002
	Kipevu II
	
	
	
	74
	74

	
	Olkaria II
	
	
	32
	
	32

	2003
	Olkaria II
	
	
	32
	
	32

	2004
	Retire Olkaria III
	
	
	-8
	
	-8

	2004
	Olkaria III
	
	
	64
	
	64

	2004
	Sondu Miriu
	60
	
	
	
	60

	2005
	MS Diesel
	
	
	
	20
	20

	2005
	Arusha Import
	
	50
	
	
	50

	2006
	Uganda Import
	
	50
	
	20
	50

	2007
	Arusha Import
	
	50
	
	
	50

	2008
	Sondu Miriu
	20.6
	
	
	
	20.6

	2008
	M.S. Diesel
	
	
	
	40
	40

	2009
	Low Grand Falls
	140
	
	
	
	140

	2010
	Retire Olkaria I
	
	
	-45
	
	-45

	2010
	Geothermal IV
	
	
	64
	
	64

	2011
	Geothermal V
	
	
	64
	
	64

	2011
	M.S.Diesel
	
	
	
	20
	20

	2012
	MS Diesel
	
	
	
	60
	60

	2013
	MS Diesel
	
	
	
	20
	20

	2013
	Geothermal VI
	
	
	64
	
	64

	2014
	MS Diesel
	
	
	
	80
	80

	2015
	Geothermal VII
	
	
	64
	
	64

	2015
	MS Diesel
	
	
	
	20
	40

	2016
	M.S.Diesel 
	
	
	
	100
	100

	2017
	MS Diesel
	
	
	
	40
	40

	2017
	Geothermal VIII
	
	
	64
	
	64

	2018
	M. S. Diesel 
	
	
	
	120
	64

	2019
	MS Diesel
	
	
	
	60
	60

	2019
	Geothermal IX
	
	
	64
	
	64

	
	TOTAL ADDITIONAL
	221.6
	150
	512
	654.2
	1537.8


KenGen has drawn up a Geothermal Resources Assessment Program (GRAP) to achieve this limited target. Although 13 geothermal prospects in the Kenyan Rift Valley were identified in this report, exploration drilling has been done only at Olkaria and Eburru (Fig. 1).  Hence the geothermal potential of the Rift valley is not really known. It appears that with advanced exploration and appraisal methods, geothermal energy can contribute more than the 512 MWe projected in the KPLC plan. This project is aimed at providing these methods. 

The proven resources at Olkaria and Eburru are about 173 MWe and 20 MWe of electricity respectively. Olkaria East Field is already providing 45 MWe, Northeast Field is known to have 64 MWe, and Olkaria West Field is projected to have another 64 MWe. In Olkaria-Domes, there is a possibility of another 64 MWe, which would bring the total power for Greater Olkaria Geothermal Area  to 237 MWe and the total proven geothermal power Kenya to 257 MWe.  The Olkaria area may be capable of producing even more power if the available resource is used optimally.  Hence, if the remaining 11 known prospects have even a fraction of Olkaria’s resources, the KPLC plan can be readily meet and the combined geothermal resources of Kenya can significantly improve in its energy independence and CO2 emissions.
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Figure 1. Simplified geological map of western and central Kenya showing the locations of fields and prospects

Status in Geothermal Development and Exploration
The known geothermal prospects in Kenya occur within the Rift Valley. In the Rift Valley wide spread volcanic activity and geothermal manifestations indicate the existence of a major indigenous source of environmentally clean energy. The power generation potential of this resource is yet to be quantified. Assessments of the geothermal prospects in the central and northern sectors of the Rift Valley floor need to be carried in order to provide a framework for the long-term energy policy and strategic planning of Kenya. 

Exploration for geothermal energy started in the nineteen fifties when two wells were drilled at Olkaria. In 1970, the UNDP and the Kenya Power and Lighting Company (KPLC) carried out an extensive exploration program in the Rift Valley. This survey identified Olkaria as the best candidate for exploratory drilling. By 1976, six deep wells had been drilled in Olkaria. In 1981, the first 15 MWe generating unit was commissioned. KenGen, UNDP, the British Geological Survey (BGS) and other organizations have continued to explore for geothermal energy in the Kenya Rift Valley. KenGen has so far carried out detailed surface work at Olkaria, Eburru, Suswa, and Longonot, but has not drilled exploration wells in the last two prospects. Development of geothermal energy has concentrated within the Greater Olkaria Geothermal Area, where a large database is now available. This has reduced some of the perceived risks of geothermal development at this site, where work is now proceeding.. However, more data is required for the other prospects to attract both local and foreign investment. 

The areas with some geophysical data (resistivity, gravity, seismic, and magnetics) are mainly between Suswa and Lake Bogoria. Geological mapping has been carried by BGS in all the geothermal prospects within the Northern Sector of the Rift Valley. Aeromagnetic data also exists in the areas covering the prospects. The BGS in 1992 carried out geological, hydrogeological and fluid geochemical studies and ranked the geothermal prospects. Silali, Emuruangogolak, and Paka were given the highest priority for future exploration because of the postulated high temperature geothermal systems associated with young trachytic magmatic events. Namarunu was given the lowest priority because it is associated with extremely weak surface geothermal manifestations.

Evaluation of the available scientific data for Suswa, Longonot and Menengai has been carried out. A comparison of the data for Suswa and Longonot indicates that Longonot is ranked higher than Suswa. A preliminary comparison of Suswa and Menengai indicates that Menengai is associated with positive indicators of a geothermal resource. However, the available geochemistry data indicates lower reservoir temperatures in the Olbanita area. KenGen has completed the ranking of the geothermal prospects based on the existing data. This will form a basis for future exploration work. A brief description of the status of the geothermal prospects (Table 2) is given below as a guide to the required work to appraise the fields to achieve the GRAP

Table 2 Exploration status of geothermal prospects.

	Prospect
	Inception Report 
	 Surface Studies 
	Wells Sited
	 Wells Drilled

	Olkaria Domes/ Eburru
	Yes
	Yes
	Yes
	Yes

	Longonot
	Yes
	Yes
	Yes
	No

	Suswa
	Yes
	Yes
	Yes
	No

	Menengai/Olbanita
	Yes
	No
	No
	No

	Arus
	Yes
	No
	No
	No

	Lake Bogoria
	Yes
	No
	No
	No

	Korosi
	Yes
	No
	No
	No

	Paka
	Yes
	No
	No
	No

	Silali
	Yes
	No
	No
	No

	Emuruagongolak
	Yes
	No
	No
	No

	Namarunu
	Yes
	No
	No
	No

	Barrier Volcano
	Yes
	No
	No
	No


Over the years, KenGen has improved on the methodology of locating geothermal fields. The success rates for exploration wells has greatly improved and in this way reduced the risks in geothermal exploration. However, there is need to reduce the total number of wells drilled for the power station construction. This will be achieved by locating high permeability zones within the geothermal fields by combining geophysical techniques and structural geology studies. The immediate target is to reduce the total number of wells by one third, and ultimately by one half.

The USDoE recently supported KenGen and Duke University in an lower resolution resource assessment methodology tests in the Kenyan Rift.  Based on the results of these studies recommendations for overcoming the specific geological and field operation conditions in the East African Rift were made.  The recommendations include the use of new seismographs and shallow bore hole seismometer and/or outcrop coupling methods, magnetotelluric/ transient electromagnetic profiling and self potential equipment and methods, all adapted for the Rift Valley.  Further, it was recommended that data from all these instruments be combined through a mathematical inversion procedure that yields a high-resolution map of the potential geothermal resources characteristics. 

The new methodology is termed Joint Geophysical Imaging (JGI). JGI combines high-resolution multi-station seismic, electromagnetic, and self-potential mapping to locate rock fractures and the likely presence of water or steam. 

Kenya has experienced a prolonged drought in the La Nina cycle of ENSO. As a result, the water levels during the past two years have drastically reduced in the hydroelectric dams, necessitating emergency installation of many megawatts of fossil-fuel power generation. Further, because of urgent energy needs over the next several years, Kenya is considering adding as much as 725 MW more of fossil-fuel power generation by 2019.

These plans are at odds with Kenya’s recognized need and capacity to limit fossil-fuel emissions and energy imports. This need and capacity can be achieved by the development of Kenya’s clean, renewable, geothermal power resources. These resources are sufficient to meet the country’s energy requirements. A major barrier to this development has been the lack of funding and an advanced methodology for locating high productive wells in geothermal reservoirs.

Plans exist to use currently less capital-expensive fossil fuel plant instead of geothermal. There is need to reduce risks in geothermal exploration to encourage private sector development. The baseline situation in Kenya is an overwhelming need for low cost energy. To meet this need, KenGen is using a least cost approach to planning generating capacity. This analysis currently calls for a large addition of fossil fuel burning power plants. The Least Cost Power Development Plan Update shows that more than half (725 MWe) of Kenya’s electricity in the next 19 years will be fossil fuel plants. 

Project rationale and objectives

The overarching goal of the proposed project is to reduce the cost and impacts of Kenyan geothermal power development relative to those of fossil fuel plants by locating high-production geothermal wells. The cost saving of eliminating even 1 or 2 production wells will dramatically reduce geothermal development costs.  The improvements in resolutions and interpretation promised by the JGI method will allow the targeting of highly productive wells in permeable formations.  Thus, assessing potential new geothermal fields with the JGI methods could dramatically increase geothermal investment in Kenya. Whereas the Olkaria Geothermal Field has been nearly fully exploited, this project supports exploration moving out to Longonot, as the next most highly ranked prospect.  The value of the JGI method will be demonstrated by the drilling of a test well at Longonot by KenGen and other financiers.   The project’s direct outputs of resource information and test well results could assist efforts at broader exploration and development on the other prospects in Kenya and the East African region. The details of the JGI method and the results of the test will be published in peer-reviewed publications to support broader adoption. The project will also result in a modern instrument pool at Olkaria to sustain future assessment activities. 

This proposed JGI project is consistent with GEF Operational Program 6: Promoting the Adoption of Renewable Energy by Removing Barriers and Reducing Implementation Costs. The general objectives of the project are: 

· Reducing the risk of geothermal exploration through transfer and adaptation of the JGI methodology

· Accelerating development and reducing the cost of geothermal energy

· Establishing the capacity to provide JGI services.

The exploration and production costs associated with geothermal resources in the Kenyan rift provide the rationale for the facilities and activities to be completed under this project. Kenya has successfully explored and exploited the geothermal resources in the Olkaria region.  The highly-ranked prospects at Longonot and Suswa have had some surface studies but no wells have been drilled at these sites.  The sizes and full potential of the rift’s other geothermal resources are not accurately known.  Given the high costs of drilling, expansion of geothermal power in Kenya has thus been limited by its high risks.  The goal of the project is to substantially reduce these barriers to rapid and low-cost geothermal development.  This goal will be achieved by developing facilities and geophysical methods for mapping high permeability steam zones that are known to yield high-production wells.

From past research, it is apparent that the number of wells drilled and risks in geothermal exploration can be reduced through a combined, or “joint”, geophysical mapping approach.  This approach is based on seismic, electrical, and self-potential measurements and analysis that also include geological information. The project’s major tasks are threefold: 

· Improve the existing capacity for making such measurements,

· Improve their joint data collection, analysis, and interpretation methods.

· Using the resulting knowledge to improve on reservoir assessment, monitoring and management.

The specific methods to be combined are microearthquake (MEQ) monitoring, magnetotelluric profiling (MT), transient electromagnetic profiling (TEM), and self-potential profiling (SP).  For example, in the case of MEQ monitoring, the work completed under USDoE support has lead to a recommendation for the use of: 1. shallow borehole (and/or surface outcrop coupling of seismometers), 2. dense, large aperture networks of numerous simple, continuous recording seismographs, and 3. the joint field collection and mathematical “inversion” and interpretation of the three data types. 

An improved, in-country capacity including instruments and field logistics for these methods will be established.  This includes the capacity of multiple shallow-borehole or outcrop-coupled seismograph installations and multiple MT/TEM and SP stations.  These facilities will be used in a joint data collection campaign.  The resulting data will be jointly analyzed and interpreted for maps of subsurface geothermal conditions. Taken individually, the microearthquake data locate zones of permeability, the electrical data locate fluid rich zones and the heat sources, and the self-potential gives an indication of active hydrothermal fluid movement. Taken jointly, the methods locate zones of high porosity and permeability with potentially mobile hot fluids, which will be targeted for drilling.

KenGen and Duke have studied the use of these three geophysical exploration methods in the geological, natural, and cultural environments of the Kenyan rift valley. Similar conditions extend to rest of the African Rift, so the work proposed here has international implications beyond sustainable, environmentally cleaner, energy development in Kenya alone. In the year 2000, under USDoE support, a temporary 60-station network of modern seismographs on loan from the U.S. was tested in the areas of Mt. Longonot and Suswa. By combining the seismic and MT/TEM measurements with data from older equipment, KenGen has been able to delineate the general field size within the Mt. Longonot area (Fig. 2).  It appears that this field maybe as large as 60 km2. It is now sought to identify high permeability zones as drilling targets within this potential resource area. KenGen has started work to drill the first well at Longonot but has held back for lack of adequate drilling target information.  This lack of information is due primarily to the thick cover of volcanic ash that can conceal geothermal reservoirs in this region.  

The general conclusion of the KenGen and Duke studies is that to confidently locate high production wells within the known geothermal resources, multiple seismic, electrical, and self-potential measurements need to be jointly and broadly collected over the drilling targets.  This collection effort needs to take into account the thick volcanic geology of the Rift by deploying instruments with special coupling techniques and station geometries.  The specific conclusions are that a facility of dedicated, multiple, simplified, robust, in-country MEQ bore hole or outcrop seismographs, modern MT/TEM equipment, and modern SP instruments needs to be built. A joint inversion program that takes into account the unique geological setting needs to be developed to improve the understanding of the reservoir characteristics. Available commercial field collection and software analysis programs are not adequate, for example, in defining potential fluid rich layers when MEQ, MT/TEM, and SP measurements are combined. The rationales for building and using these joint facilities are that the known local resources locations generate relatively numerous microearthquakes, the resources are associated with significant resistance and, potentially, SP anomalies, the three measurements give joint and separate information on the subsurface, and facilities from elsewhere are not appropriate or available for dedicated use.
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Figure 2 Integrated Geophysical model of the GOGA and Mt. Longonot areas. Data used include TEM, MT, DC resistivity, MEQ seismic, and gravity.

It is necessary to develop in-country skills in computer programming and suitable, locally adapted analysis codes. Experience has shown that importing skilled computer experts and data analysis codes from elsewhere will lead to facilities and methods that are not adequately familiar with or adapted to the local geology. The goal of a sustainable technical capacity will be accomplished through the establishment of a modern pool of instruments at the Olkaria Geothermal Project of KenGen. It is intended that a consulting capacity based on the test equipment and the results produced by the JGI project will reside in the KenGen laboratory and be used for further work.  As the list of potential geothermal resources in Kenya included in this proposal shows, the instrument pool will see intense use for many years.  Further, Tanzania, Uganda, Ethiopia, Rwanda and Eritrea have similar geologies and the knowledge gained from the JGI method tests can be shared with them through access to information and consultancy services. As part of a parallel effort by UNEP, the instruments and expertise will also be disseminated through the establishment of a Geothermal Energy Resources Centre. 

The equipment will be housed where there is already an effort to pool instrument and technical. The project builds on existing in-country experience and capacity in Kenya.  It also coincides with action plans and programs within the Kenyan Electricity Generating Company, KenGen and the Ministry of Energy.  KenGen will participate by carrying project personnel costs, facilities, and using the results of the geophysical mapping to site exploration/production/make-up wells.

Expected project outcomes
Kenya can provide for their electrical power needs through in-country geothermal resources without the use of CO2 generating fossil fuels.  A large barrier to this development is the lack of funding, facilities, and methods adapted to the Rift Valley environments. The Geothermal Resources Exploration Strategy requires that 33 wells should be drilled to provide enough steam for a 64 MWe power station. This is based on the average productivity of 2.5 MWe for a well. If the number of wells can be reduced to half, then the Geothermal Resources Exploration Strategy program becomes vastly cheaper. This would reduce infrastructure costs and drilling time. This means that the planners can know the geothermal potential early and the number of make-up wells can be reduced.

Through consultation with key international and national players in the geothermal energy field (EEPCo, GNZL, KfW, Comoros MoE, KenGen, the additional measures beyond resource assessment that are needed for a general expansion of geothermal energy investment will be developed. Lessons learned from the Djbouti, Ethiopia and Kenyan Olkaria III projects will be instructive. The strategy will then describe measures that mitigate risk, facilitate investment and maximise returns. 

Activities 
The primary activities to be undertaken in this project are briefly described below.  

1. Facilities Setup: The construction of a dedicated, portable borehole-and/or-outcrop seismographic MEQ, electrical resistance MT/TEM, and self-potential SP instrument pool, support laboratory, and transport and field logistics capacity for expanded geothermal exploration and well-siting in Kenya.

2. The application of the data collection and interpretation methods in the geothermal prospects in the Rift Valley. The refinement of combined or joint microearthquake, electrical, and self-potential data collection, analysis, and interpretation methods.  This activity is aimed at joint “inversion” of the three data types for improved knowledge of subsurface geothermal conditions.   

3. The application of the joint inversion analysis and interpretation to the data collected with the new seismographic, electrical, and self-potential instrumentation facility. The joint inversion is aimed at producing a map of high permeability zones that can be targets for drilling. The method will also improve of the reservoir monitoring and management by providing information for re-injection.

4. Drilling of appraisal wells will be executed by KenGen. The depth and casing program for the exploration well in Longonot will depend on the results of the JGI. The design for the appraisal wells will be similar to that used by KenGen with production casing set at 700-900m and a total depth of 2200 to 2500m.

5. Technology transfer and publications. Dissemination of the methodology and case history to the stakeholders and geothermal community through journal publications, reports, meeting presentations, and workshops.

6. Hold a workshop and subsequent follow up meetings with partners agreeing to participate in the deployment of a longer term regional effort in order to seek input, develop baselines, understand barriers and determine appropriate mechanisms for achieving broad investment in geothermal energy.

Sustainability Analysis and Risk Assessment

The aim of this project is to provide a sustainable, value-added approach to geothermal exploration studies in the East African Rift zones, including the potential new study areas listed in the ANNEX of this proposal. If this project is successful, the use of the method can be sustained through steam sales and consultancy services. The commonly cited risks apply including the price of fossil fuel, political and economic stability, and continuity of human resource capacity. 

The more specific risks involved in this project relate to whether or not the equipment pool and the joint mapping campaign can improve resource location. Experience in geothermal development in Kenya shows that the geophysical methods proposed here will provide the most cost-effective subsurface information for drilling high production wells. The methods have been useful in identifying geothermal fields in Olkaria and Eburru. We seek to improve on targeting high permeability zones so more accurate well-siting can cut geothermal development costs.

The results of the USDoE sponsored research relate directly to both the risks of our proposed project and of doing geothermal development without advanced geophysical mapping and assessment of reservoirs.  Based on this work we know that standard earthquake monitoring equipment does not work well in the Rift Valley and has a high risk of being stolen.  We have developed a new type of stand along seismograph for use in the Rift that avoids this problem.  The new seismograph also overcomes problems associated with the thick ash layers by using multiple, lower frequency sensors and advanced installation techniques such as shallow bore holes and cemented couplings to available outcrops.

Stakeholder  Involvement
KenGen is the primary energy stakeholder in the project.  Several members of the KenGen Geophysics group will work on an in-kind basis on this project. KenGen will keep the Kenya Ministry of Energy informed of progress in this project. KenGen and the Kenya Ministry of Energy interact with the Kenya electricity regulatory board, Kenya Power and Lighting Company and private power producers in Kenya in an ongoing manner. Geothermal energy is a subject of these discussions and the outcomes of this project will be tabled through these channels.

The information and technical results generated by this project will be available to the public and private sectors through consultancy services. The Kenya Government will use the exploration results to attract foreign investment in the energy sector. KenGen and Duke University will submit scholarly and summary papers to peer reviewed journals. Duke University, through its Nicholas School of the Environment, and KenGen will be the primary publishers of information to scholarly stakeholders in the geothermal energy community.

The indigenous peoples of the area are being employed in the field program for security.

Reducing Local Environmental and Cultural Impacts 
KenGen has experience in developing geothermal energy in Kenya for many years. Exploration and exploitation of geothermal resources is being done in a way that does not have major negative impacts on the environment and human and animal life. KenGen has and continues to work with, for example, the Kenyan Wildlife Service (KWS) in this regard and this project will be no exception.  In fact the project proposed here is in keeping with KenGen’s and the KWS’s mutual interest (Memorandum of Understating 1994) in reducing the impacts of geothermal development by reducing the number of wells necessary to optimally utilize the available resources of a given geothermal field.  

Specific examples of critical sites directly relevant to future geothermal exploration and production targets include:

· the Lake Naivasha Riparian land which is a Ramsar site,

· the public Hell's Gate and Longonot parks, 

· the private Oserian wildlife sanctuary,

· volcanic centers with H2S and CO2 producing fumaroles and hot-springs,

· the Horticultural farms around Lake Naivasha,

· ecotourism areas such as Elsamere.

Studies in Olkaria show that animals maintain uniform migratory routes and any above surface steam gathering pipelines across these routes will impair their movement. This has been addressed through providing steam pipeline loops for the animals. Most of the rift geothermal fields are in semi-arid areas, so the animals are drawn to any surface waters that may come from well testing, disposal pipe leakage, and chemical stabilization ponds. Green vegetation that is attractive to animals tends to grow around these waters and animals can feed on them, thereby being exposed to potentially toxic chemicals. Additional measures are therefore sometimes necessary depending on water test results. 

The floor of the rift valley in this area is composed of loose volcanic soils that are highly susceptible to wind and water erosion. Geothermal development involves earth movement to make roads and drilling pads.  These necessary activities can further affect local soil stability.  Where there are steep slopes, gully and sheet erosion is common, often having been initiated by any disturbance such as well pad construction, road building and even tracks left by off-road traffic.

It is imperative to maintain geothermal development that allows for conservation of these and other natural and human resources. Reducing the need for multiple roads, drill pads, pipelines, and other production infrastructure can help mitigate all the above environmental and human concerns while at the same time reducing costs.  This reduction will be accomplished as a simple by-product of the primary goal of this project, namely locating a few high-production wells instead of drilling multiple lower production ones.

Incremental Cost 

While the test of longer term impact of this work will be the relative cost of Geothermal energy versus fossil fuel plant, incremental cost of the alternative activities proposed versus baseline activity in the specific domain of resource assessment relates to dedicated use of higher resolution equipment from an  existing laboratory at KenGen. Advanced training of a local expert will enhance the ability to use and interpret the data, and provide this capacity in Kenya. 

The KPLC report identifies the primary costs of geothermal to be plant construction and well drilling which takes most time, while those of fossil fuel plants are the fuel.  In fact the yearly “variable” operating costs of diesel plants are roughly 20 times higher than those of geothermal due to the costs of fossil fuel.  Plant construction costs are relatively fixed, so the primary factor that can be improved to bring geothermal costs down to those of diesel is the reduction of well drilling.  This will cut down on drilling costs, piping costs as well as the ‘lead-time’.

By independent audit, it cost roughly $1.3M to drill a geothermal well in the Rift Valley setting, irrespective of whether the resulting well produces 1 or 10 MW of steam power.  Currently, the average production well at Olkaria, for example, generates between 1 and 3 MW, so some 25 wells were drilled to produce the steam for its 45 MW power plant.  Yet, some of the Olkaria wells produce several times more than the average, with one reaching as much as 10 MW.  This difference is caused by differences in subsurface conditions such as the number of steam producing fractures and fluid inflow.  

The primary aim of the project proposed here is to help find drilling sites with greater fracture and fluid potential, there by reducing the number of wells needed to produce the same power. If the number of wells drilled can be reduced to 3 out of 5 original wells, then geothermal costs drop below those of diesel at $22/bbl.  The reduction of well drilling will be accomplished through the JGI technique.

Incremental Costs

	
	Baseline
	Alternative
	Increment

	Global Environmental Benefits
	Lack of geothermal resource data leads to reduced investment in geothermal energy and high drilling costs.

High emissions of GHG from diesel generation systems 
	Geothermal energy investment accelerated through Joint Geophysical Imaging.

GHG emissions reductions through accelerated test drilling success and increased well productivity.
	Diversion of Kenyan and foreign investment away from diesel power generation.

	Domestic Benefits
	Least cost energy planning that continues to deploy conventional fossil fuel-based energy systems.


	New investment in domestic energy resources displacing foreign fossil fuel requirements. Diversification away from drought susceptible hydro resources.
	Diversified energy supply, lower local pollution, and reduced energy imports resulting in economic savings in periods of drought and high fossil fuel prices.

	Total Costs:
	Baseline Costs:  

US$ 1,754,264
	Total Project Costs:

                         $2,733,323

Cofinance:        $1,754,264
             GEF:    $   979,059  
	Incremental Costs: 

GEF:  $979,059
 

	1. Establish instrument pool
	
	
	

	Global 
	Weak and sporatic support to advanced assessment
	State of the art equipment an measurement techniques accelerate successful exploration
	Incremental costs associated with new equipment/ facilities

	Domestic
	Continued activity using available equipment and facilities
	National expertise and facilities become recognized and competitive
	Capacity for advanced resource assessment

	Cost
	Ken Gen laboratory  and geothermal development group at Olkaria
	Laboratory upgrade with new equipment 
	New equipment and operationalising costs

	2. Methodology development
	
	
	

	Global 
	International research continues to be focused on developed country geologies
	State of the art methods accelerate successful exploration
	Transfer and testing of methodologies

	Domestic
	Techniques are not adapted to Rift Valley geologies
	Adapted methodologies and domestic capacity to further apply them
	Knowledge of local geologies and experience in the region

	Cost
	Staff time in Kenya
	International technical cooperation
	Partial costs of International expertise

	 3. Methodology application
	
	
	

	Global 
	Advanced techniques applied to deep granite structures in other countries
	State of the art methods applied to rift conditions
	Transfer and testing of methodologies

	Domestic
	Techniques are not fully tested on Rift Valley geologies
	Assessment results
	Improved knowledge

	Cost
	Continued lower level efforts 
	Focussed effort on new techniques and additional geographic areas
	Enhanced assessment activity

	4. Test Well
	
	
	

	Global 
	Well drilling may not proceed
	Resource assessment reduces the risk of drilling poor wells
	Transfer and testing of methodologies

	Domestic
	KenGen uncertain as to risks of drilling outside Olkaria
	Longonot drilled
	Reduced risk bolsters confidence in drilling plans

	Cost
	Drilling effort planned but not approved 
	No cost
	None

	5. Techology transfer
	
	
	

	Global 
	Assessment capacity enhancement opportunity
	Capacity in place to address opportunities in Kenya
	Extra costs of technology transfer

	Domestic
	Interest and attempted replication of advanced techniques with existing data/ facilities
	State of the art capacity
	Continued support to staff involved in the project 

	Cost
	KenGen staff efforts 
	Training costs and continued research effort
	Training costs

	6. Regional Strategy Development
	
	
	

	Global 
	One-off projects are not being replicated 
	Replication of geothermal investment will magnify GHG benefits
	Extra costs of regional meetings, consultation, strategy development

	Domestic
	Many countries in the region have experienced few investments
	Regional expertise is recognised
	Extra effort to participate in the strategy development

	Cost
	KenGen staff efforts 
	Training costs and continued research effort
	Training costs


Budget
	Activity
	GEF (US$)
	Other sources and in kind (US$)
	Project Total (US$)

	1.Test facility setup
	487,400
	223,156
	710,556

	2.Methodology development
	108,739
	124,117
	232,856

	3.Field Application
	88,520
	23,015
	111,535

	4.Well drilling
	0
	1,220,000
	1,220,000

	5.Technology transfer
	94,400
	113,976
	208,376

	6. Regional Strategy Development
	200,000
	50,000

	250,000

	Project Total (Project Costs):
	$979,059
	$1,754,264
	$2,733,323


	Component
	GEF (US$)
	Other sources and in kind (US$)
	Project Total (US$)

	Equipment and expendibles KenGen
	487,400
	223,156
	710,556

	Training for KenGen Ph.D.
	94,400
	113,976
	208,376

	Duke University technical assistance:
	108,739
	124,117
	232,856



	Field work Travelling, Transport 
	88,520
	23,015
	111,535

	Drilling costs one well in Longonot
	0
	1,220,000
	1,220,000

	Regional Meetings, travel, consultants 
	200,000
	50,000
	250,000

	Project Total (Project Costs):
	$979,059
	$1,754,264
	$2,733,323


Implementation Plan

The Duke Joint Geophysical Imaging Team and KenGen will carry the primary responsibility for implementation of the proposed project. The plan is to begin the work with data acquired using the existing equipment and the newfield deployment techniques such as borehole-and/or outcrop sensor coupling to assist in siting one appraisal well in Olkaria-Domes. The purchasing of the geophysical instrumentation pool and set up of the lab facility within the first year will follow this.  In this phase, several training and methodology workshops and exchanges will be held. The responsibility for the research and development of the joint geophysical equipment and field methods will rest with the JGI Team both at KenGen and Duke University. The primary responsibility for the proposed field campaign will rest with KenGen.

The training will include further graduate work on the JGI method by S. A. Onacha of KenGen who will enroll in graduate studies at Duke. The Ph.D. research-and-development “sandwich” of field and office work will involve data collection and development of a joint inversion analysis software program for TEM, MT, SP, and MEQ data interpretation. The available commercial deployment and software analysis programs are not sensitive to the unique East African Rift geological setting and as such, they are not suitable in defining accurately the rock layers. The programs we have are limited to six layers and as such are not adequate to define the deeper layers when the TEM model is combined with MT. When we consider DC Schlumberger, TEM and MT data collected at the same site using different equipment (Fig. 5), the curves show similar trends but with shifts. This project seeks to address this problem and ensure that realistic models are achieved. We will collect a short run of data for use in identifying sites for appraisal drilling in Olkaria-Domes. These results will then be used as a basis for developing the theory and instrument design.

Once the instrument pool is in place and the initial JGI field methods are established at Olkaria, a major field campaign will begin at Longonot. The data collected in these areas will be used in defining the heat sources, the sizes and depth of the geothermal reservoirs and establishing the best targets for production drilling and re-injection sites. This will assist establishing the geothermal potential of this region. The information will also be useful for the long-term reservoir utilisation and management. Some data will be collected in Suswa to establish zones of high permeability that can be targets of exploration drilling. This is important because of the anticipated permeability problems in Suswa. It is important to confirm a viable resource in this area before drilling because of the high infrastructure costs. It is anticipated that the field campaign of data collection will extend over the second year of this project. The data from the field campaign will be analyzed both at Duke and at KenGen. Exchanges and workshops with geothermal experts will be held both at Duke and in Kenya. A subsurface geophysical map will be created to site exploration production and appraisal wells, will take place at the end of the 2nd or beginning of the 3rd project year, or as soon as an acceptable map is available. The plan is to write up and submit several scholarly and informational papers and articles based on the results of the JGI studies, field campaign, and drilling tests. These efforts will be completed in the 3rd year of the project.

Whereas ownership of non-expendable equipment remains the property of UNEP unless transferred to the project executing agency, it is UNEP’s intention to transfer at least one half of the equipment (by value) to  KenGen for ongoing exploration and field maintenance in Kenya on completion of the project. The rest of the equipment may be reassigned to a regional nonprofit geothermal energy resource centre serving Africa or a similar institution.

UNEP will execute the strategy development with the involvement of Kenya, Ethiopia, Djibouti, Uganda, Tanzania, and other countries along the Rift Valleys. KfW is considered an appropriate agency for the execution of financial mechanisms (risk guarantees). Other investors and technology providers will be included and would have access to the financial instruments and as cofinanciers. A meeting at the beginning of the project will assess the barriers and instruments that would combine into a comprehensive program to facilitate investments including the geothermal resource centre and a risk guarantee fund.

	Activities 
	Project-months

	Completion of project activities

1. Facilities

2. Joint imaging development

3. Joint imaging field campaign

4. Joint imaging guided drilling

5. Technology transfer and training

6. Regional strategy development

	0     6       12       18       24       30       36

xxxxxxxxxxxxxx

         xxxxxxxxxxxxxxxxxxxxxxxx

                 xxxxxxxxxxxxx

                                             xxx  -  xxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

   xxx                                       xxxxxxxxx


Monitoring and Evaluation Plan
Duke University and KenGen will have primary responsibility for monitoring and evaluating the technical and managerial progress of this effort to further geothermal development in Kenya. In addition to research and development exchanges between Duke and KenGen, Duke will make several project monitoring visits to Kenya. These reviews will include preparation of quarterly Project Notes for the Stakeholders and biannual reports for the UNEP. Feed back and involvement of other geothermal experts will be sought throughout the project.

Outside the project budget monitoring (reviewing reports) and evaluation (independent evaluation) for this project is by the UNEP as per GEF Implementing Agency requirements.

Duke and KenGen will monitor and evaluate all publications for their scientific and technical contents, and assure timely publication and distribution of the results of this project.

	Milestone / Report
	Responsible
	Project-months

	1. Project organization 

2. UNEP Semi Annual Reports

3. UNEP Final Report 

5. Joint imaging Field Reports

6. Drilling Plan Reports

7. Drilling Results Reports

8. Technology Transfer Papers

9. Strategy document and project brief
	Duke & KenGen

Duke & KenGen

Duke & KenGen

Field Team

KenGen 

KenGen & Duke

Duke & KenGen
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ANNex A 

This technical document contains data intensive graphics and therefore is available on request tom.hamlin@unep.fr .
ANNEX B Logical Framework

	Project Goals:

Increased Development of Geothermal Energy in place of Diesel Generation 

Geothermal energy becomes a preferred choice in diversification of power sources

 
	Indicators:

Increased proportion of electricity generation by geothermal power plants and reduction of GHG emissions intensity.

	Means of verification:

UNFCCC GHG inventories


	Assumptions or Risks:

Least cost power capacity methodology is improved to recognize diversification benefits

Environmental costs are included in energy prices

	Project outcomes:

Accelerated geothermal energy development in Kenya with significance for similar geology and and other countries in the region. 

A sustained capacity for high-resolution geothermal reservoir assessment is developed in Kenya with the ability to provide regional services.

 
	Indicators:

Assessments of Geothermal Energy Potential for new areas (outside Olkaria) improve

Test well results improve (average well production is greater than 2.5 Mw)

Exploration costs of Geothermal investments are reduced

Share of Geothermal energy gains against fossil fuel in Kenya

KenGen consulting services in demand (may involve further involvement of GEF in regional expansion)
	Means of verification:

Drilling and investment

Independent opinion and reviewed publications

Appraisal and development results

Average costs of bringing geothermal plant on line

KPLC and other power planning documents

KenGen consulting service records
	Risks and assumptions:

Improved information will uncover better prospects only if they exist. Positive indications from surface studies are assumed accurate.

First test well may not be sufficient however, others are likely if assessment shows potential

Petroleum prices remain above 22 $/bbl

Policy and currency stability, PPAs can be negotiated



	Project activities:

1. The construction of a dedicated, portable seismographic-MEQ, electrical resistance-MT/TEM, and self-potential-SP instrument pool, support laboratory, and transport and field logistics capacity for expanded geothermal exploration and well-siting. 

2. The development of combined or “joint geophysical imaging” microearthquake, electrical, and self-potential data collection, analysis, and interpretation methods. 

3. The application of the JGI analysis and interpretation to the data collected with the new MEQ, MT/TEM, and SP instrumentation facility.  

4. KenGen drilling wells based on the results of the joint inversion map of subsurface conditions. Identified high permeability zones will be targeted. 

5.  Technology transfer from Duke University to KenGen at the scientist level and publication/ dissemination of results to the stakeholder community and geothermal sector. 

6. Regional strategy development
	Outputs:

A dedicated seismographic (MEQ), electrical resistance (MT/TEM), and self-potential (SP) capacity for geothermal exploration.

Demonstration of methods for joint MEQ, MT/TEM, and SP data collection, analysis, and interpretation for geothermal exploration and expansion.  

The siting of wells based on the JGI mapping. 

Test well results. KenGen drills at Longonot or other than Olkaria.

Advanced training achieved by a KenGen employee, papers and reports produced

A strategy document
	Means of Verification:

Project reports

Project reports

Test well results

Test well report

Ph.D. thesis

Reports
	Assumptions/ Risks:

KenGen has government level authority to mitigte procurement delays/ difficulties

Physical anomalies do not obscure imaging.




ANNEX C: STAP Roster Technical Review

To:     “Tom Hamlin” <Tom.Hamlin@unep.org>
From:       “Gene Culver, GeoHeat Centre” <lundj@oit.edu>
Subject:    Proposal by:    Kenya Electricity Generating Company

        Collaborator:   Duke University

Name:       Joint Geophysical Methodology for Geothermal Reservoir 

Assessment

Taking the issues in the order provided in the review brief you provided.

The institutional framework for the immediate completion of the project certainly exists within KenGen and Duke including the filed work, verification, and reporting.  The longer term should be adequately taken care 

of by the one half of the equipment to remain with KenGen for the longer term 

development of resources within Kenya.  Also that equipment could also be 

available to the neighboring Rift Valley countries utilizing KenGen as 

consultants in the future.  The one half of the equipment returned to UNEP 

could be utilized by other countries and/or their geophysical consultants 

both in the Rift Valley and through out the world.

The data provided relative to CO2 emissions at diesel power plants andgeothermal power plants is in line with standard estimates.  The emission by 

geothermal plants appears to be a world-wide average probably because of 

limited experience in Kenya.  Kenya's resources, at least those I've read 

about to date, seem to be a bit higher in CO2 than resources at the Geysers 

and some in Iceland but lower than New Zealand and some in the western U.S. 

therefore a good average estimate.

I do have some problems with the technical aspects of the proposal.

As I understand it the main problem in Kenya (as in other locations) is not 

really finding sources of heat or even geothermal fluids, but in finding 

specific sites where fluid is free to move to the wells.  Any of the 

electrical methods will find fluids, resistivity, schlumberger, MT, AMT, TEM 

- all will detect the presence of saline or conductive fluids in porous 

materials or fluid conduits (fault fractures non conformity contacts, etc.).  

In order to flow to production wells (or from injection wells) the wells must 

intersect conduits.  All of the methods have been reported being used in 

Kenya.  Only one electrical method detects fluid (including steam) moving in 

conduits - self potential - SP.  Fluids move within conduits due to 

temperature (density) differences between deep hot zones and cooler zones 

near surface.  SP will also detect heat flow due to thermo-electric effects.  

SP is fast, economical and relatively easy to interpret.

All electrical methods are subject to misinterpretations due to electrically 

conducting clays, hydrothermal alterations, and oxidizing ore bodies - 

including SP.  However - they all react slightly differently to these 

conducting bodies, including the conduits one seeks.  Therefore - no single 

method gives unambiguous results - but in combination where each method adds 

its bit to the overall picture one has a much grater chance of intersecting 

the desired conduits.

I recommend combining micro-seismic to locate active faulting, MT/TEM and 

resistivity to locate conducting fluids and SP to locate zones with open 

conduits for flow.

SP is also very useful in locating normal groundwater flow to site shallow, 

good productivity wells - one of the auxiliary benefits of the proposal.

One other probably minor point.  From reading early reports on Kenya in 

Geothermics and numerous reports by Kenyan students at the Iceland geothermal 

schools I infer that much of the Rift Valley is covered in volcanic ash and 

unconsolidated ‘rubble' with scattered out crops of dikes and solid outcrops. 

 Surface seismographs simply do not work well on unconsolidated material.  

Unless the exposed outcrops happily coincide with desired seismograph 

locations.  I suggest drilling to consolidated material with a cemented pipe 

to mount the sensors.  Probably they intend to do it but thought it so 

obvious they didn't mention it.  It will perhaps add a bit to the cost and I 

didn't see it in the budget.

I also noted there was no budget allowance for repair of geophysical 

equipment.  That equipment will be used for two years on this project.  It 

will probably need at least some maintenance, perhaps its included in lab 

space and tools ($84,00 p. 34).

The auxiliary benefits of reduction of impacts, soil erosion, farming parks 

etc. are all reasonable and achievable if the project leads to a reduction in 

the number of wells drilled and steam gathering systems.  The equipment to be 

purchased can certainly be useful in earthquake hazard assessment and 

groundwater studies.

The project can be replicated in other Rift Valley countries and indeed in 

most any geothermal area.  Achieving high production in wells is a universal 

problem.

If the project is successful it will remove barriers to geothermal development.  Reducing the number of wells obviously reduces the costs - not just in wells but in infrastructure, lead time, costs involved in obtaining funding, etc. thereby reducing a number of barriers.  If the project results in the elimination of just one well it will more than recover the direct cost 

($847,000) requested.

Secondary issues

    Linkage to other focal areas:

    Linkage to other programs:

    Beneficial or damaging environmental effects:

All three of these are covered above to some extent and adequately addressed 

in the proposal.

The major stakeholder, KenGen, is certainly highly involved.  They are providing in-kind staff support, facilities, and presumably most if not all the "other" finances in the budget - some $1.7 million.  In addition they have a large stake in the continued development of geothermal power.  Duke Universities stake is they are committed to developing computer programs for interpretation of data, training at least one PhD (hopefully others I'm sure) and publication of papers and reports.

Capacity building and sustainability:

This is adequately addressed.  There will be one new PhD directly involved with developing the new interpretation methods, and numerous exchanges between Duke and KenGen personnel during development, trails, and implementation.  There will be one half the equipment purchased plus a dedicated instrumentation truck.  KenGen has had numerous students at the geothermal school in Iceland involved in electrical methods of resource investigation.  They surely will be involved and learn the proposed method.

There are some minor problems with costs.  The numbers on page 3 item 12 don't agree with the numbers elsewhere - p. 12 and p. 34.  The activities budget p. 13 simply doesn't add up.

Some items in the budget on page 12 don't agree with the detailed budget on 

page 34.

Equip, Labs, etc.   p. 12   $651,853

                    p. 34   $579,358

Training for KenGen PhD p. 12   $175,242

                        p. 34   115,080

Overhead is not included on page 12 maybe that is the difference - but that 

doesn't quite add up either.

My guess is that some how budget numbers from a previous version got carried 

over or mixed up.

I was a bit confused on the number of wells.  Project outcomes item 10.4 page 

2 mentions six appraisal wells and one exploration well for which KenGen is 

seeking funding.  On page 3, project item 11.4 lists drilling wells as a 

project activity.  I think I figured it out - KenGen will drill one well at 

Longomot under this program.  Six wells will be sited using results of this 

program but not drilled under this program, - not an activity of this program.

Now for the big questions.

1.  From reading early reports on Kenya in Geothermics and reports by Kenyan 

students at the Iceland schools I infer that much of the Rift areas of 

interest are covered by volcanic ash and unconsolidated ‘rubble' with 

scattered outcrops of dikes, etc.  Surface seismographs simply do not work 

well on ash and unconsolidated materials.  Unless the exposed solid outcrops 

happily coincide with the desired seismograph locations I would suggest 

drilling a hole to consolidated material with a cemented pipe in which to 

mount the sensor.  Maybe they intend to do it - just didn't mention it, think 

it was obvious.

When I first read the proposal I thought, they've got everything but flow, 

why not SP.  I had telephone conversations with three well respected 

geothermal geophysists.  All agreed that unless there was some compelling 

reason for not using or a least considering SP it would be a disservice to 

the UN and Kenya not to note it.

Overall I like the proposal.  It covers all the bases.  Costs seem OK perhaps 

even a little cheap especially the KenGen vehicle rent, per diem, and 

drilling.

ANNEX C1 Response to the STAP Roster Technical Review

As Gene Culver, the proposal reviewer, points out, it is very easy to include Self-potential measurements in our proposal.  In fact, these measurements were included in an earlier version, but were cut for proposal length and (minor, meaning a few %) cost savings.  To include them is straight forward. The proponents have done so in the final version.  These changes can be found easily everywhere MT or TEM is mentioned. A new reference is made to using the reviewer’s recommendation of fixing sensors to outcroppings as a useful addition to the proposal.

At least one well will be drilled by KenGen in Longonot as a commitment to this project. KenGen is actively pursuing additional investment in the drilling of additional wells but no formal commitments have been made yet.

The budget was changed. KenGen will provide vehicles, laboratory space and personnel as part of their contribution to the project.
� Includes UNEP’s contribution to meetings, time commitment by partner agencies (but not cash of 115k$ from the US TDA which has not yet been confirmed. KfW has also committed participation with cofinance amount to be determined. 
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