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EdD Elecgtric Power Development Plan 
(Notes: about 60% of installed capacity is to be imported as of 
the target yeare 2032)

Interconnexion n°1 Géothermie Interconnexion n°2 Eolien Solaire Centrale Jaban'As Centrale Boulaos Demand

(French) 
Interconnexion  
Geothermie 
Centrale de Boulaos 
Centrale Jaba'AS 
éolien 
solaire 
Deficit de puissance 

(English) 
interconnection  
geothermal  
Central Boulaos (Oil fire) 
Central Jaba'AS (Oil Fire) 
wind 
solar  
Deficit power 
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Earth Sciences 
Institute 

Geophysical Observatory Of 
Arta 

Geology 

Geochemistry 

New Energy and Energy 
Management 

Hydrogeology 

Geothermal 

Applied Geophysics 

 PhD Maste
r 

Bachelo
r others Subtota

ll 
 Geology 2  1  3  
 Geothermal 1    1  
 Metallogeny 1    1  
 Geophysics 1 2   3  
 Cartography  3   3  
 Risk 
Management  1   1  

 Hydrogeology 1 1  3 5  
 Geochemist 1 4  2 7  
 Seismology  1  3 4  
 Drilling    2 2  
 TTotal 77 112 11 110 330 

AS of June, 2014 

Equipment Model Nos. Notes

1 GC-MS
(Gas chromatography-mass spectrometry)

Agilent Technologies
7890A&5975C

1

2 ICP-OES
(Inductively coupled plasma optical emission

HORIBA AS500 1

3 HPLC
(High performance liquid chromatography)

DIONEX ICS3000 1 Ion chromatography

4 Spectrophotometer (UV-VIS) Lab Medic UV-VIS 1129 1

5 Spectrophotometer (VIS) JENWAY 6310 1

6 Spectrophotometer (FT-IR)
(Fourier-Transform-InfraRed-spectroscopy photometer)

BRUKER ALPHA-P 1

7 FL-AAS
(Flama Atomic absorption spectrometer)

AGA LABS 1381 1 Na and K only measurable

8 FL-AAS
(Flama Atomic absorption spectrometer)

GBC SB-906 1
Not operational
(Hollow cathode lumps N/A)

9 pH. Conductivity meter - 1

10 Microscope - 1

Others available

Muffle Furnace (1), Electric Balance (2), Ball Mill (1), Incubator for BOD (2),  Oven (2), Deionizer (1), Ultra Wter Purifier (1)





JICA Survey Team 
 
• Nippon Koei co. Ltd., 
• Geothermal Engineering Co. Ltd. 
• Sumiko Resources Exploration and 

Development  Co. Ltd. (SRED) 
 

Organization Programs

UN-GTP

1. Past Record (1989 - 2013):
Short Course 20 person
Six months Trainings 9 person
Master degree course 1 person
PhD 1 person

2. This Year (2014)
Short Course 3 person
Six months Trainings 2 person
Master degree course -

ICEIDA
1. Technical Training for drilling Supervision (2014 - 2016)

2. Knowledge improvement of geothermal exploration and review of studies at Arta and Gaggade
3. Improvement of management capacity of geothermal development

GRMF Application was submitted to GRMF for confirmation drilling at Hanle and the Nord Ghoubbet,
but not accepted due to clerical  reasons.

WB, AfDB-ADF,
SEFA, GEF, OFID,
AFD, ESMAP

Test drilling at Asal-Fiale site
- Project Managing Director
- Engineering Consultant for technical supervision
- Drilling contractor

1. WB: World Bank 7. OFID: OPEC Fund for Internationla Development
AfDB: African Development Bank
2. ADF: African Development Fund (AfDB) SEFA: A joint initiative of the Danish government and the 

Energy, Environment and Climate Change Department 
(ONEC) of AfDB

3. SEFA: Sustainable Energy Fund for Africa implemented by AfDB
4. GEF: Grobal Environment Facility
5. AFD: Agence Francaise de Developpemet ADF: the concessional window of the AfDB Group.
GGDP: Global Geothermal Development Plan through ESMAP
6. ESMAP: Energy Sectore Management Assistance Program
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Acidic altered rock, or  
Weakly acidic altered rock; 

Not particular 
alteration identified 

Arta 
Asal 
Gaggade-Taassa 
Hanle-Garabbayia 
Lac Abhe 
Nord Goubet 
Nord Lac Asal 
Rouweli 
Sud Goubet 

Djibouti-Awrofoul 
Dorra 
Obock 
Salalol-AsbouDara 



Mineral Zone
Alteration Mineral
Alunite
Halloysit
Kaolinite
Dickite
Nacrite
Pyrophyllite
Andalusite
Boehmite
Diaspore
Zunyite
Topaz
Rutile
Cristobalite
Quartz
Pyrite
Gypsum
Anhydrite

Smectite
Illite/Smectite
Chlorite/Smectite
Illite
Chlorite
Biotite
Epidote
Prehnite
Pumpellyite
Actinolite
Garnet
Clinopyroxene
Adularia
Albite
Calcite
Dolomite

Stilbite Z.
Mordenite Z. Analcime Z.

Stilbite
Chabazite
Mordenite
Heulandite
Laumontite
Yugawaralite
Wairakite
Analcime
After "Companiton to Geothermal Power Generation" (2006), originalin Japanese

Illite Z. K-feldspar.

Albite Z.
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Halloysite Z. Kaolinite Z. Pyrophyllite Z.

Heulandite Z. Laumontite Z.

100ºC 300ºC   200ºC

Wairakite Z.

Illite/Chlorite Z. Epidpte/Actinolite Z.
Smectite Z. Mixture Z.

Sme Mix.
Chl
/Ser

Kao
/Nac

Sti Nat Lau Gyp Cal Qz

N. Goubet Calcite Cal. only -
N. Goubet calcite Cal. only -
Arta Gypsum + + Smc-Chl, Gyp (vein) 150-200
Arta Rhyolite? + Smc-Mix, Chl 100-150
Arta White clay Nac. 200-250
Arta White clay Nac. & mix. 200-250
Arta Gypsum Gyp. only -
Asal (2km east) White clay, layered Chl-Cal 150-200
Lac Asal White clay Gyp. only -
N. Goubet_Anaale Andesitic + Smc-Qz 100-150
N. Goubet_Anaale White vein, calcite + Smc-Cal 100-150
Hanle-Garabbayis Basalt Smc-Chl+Zeolite 150-200
Hanle-Yoboki (hill) Rhyolite Smc-Mix-Chl-Qz 150-200
Hanle-Yoboki (hill) Rhyolite + Qz-Cal -
Gaggade-Taassa Reddish clay Nac. 200-250
Gaggade-Taassa Rhyolite + + Smc-Cal-Qz 100-150

(Source: JICA Study Team)

Notes
Clay mineral
Formaion
Temperature (ºC)

Smc: Smectite, Chl: Chlorite, Ser: Sericite, Sti: Stilbite, Lau: Laumontite,
Gyp: Gypsum, Qz: Quartz, Cal: Calcite, Mix: Mixed layer minerals

Site Name Rock Name
Clay Mineral Zeolite group others
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Gp-1
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Gp-4

= 7.4 18O + 1.26
R² = 0.92

WMWL: = 8 18O + 10
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Regional Gelogy

Geological Characteristic Intensity Temp. ( ) Alkali Temp.
( )

1 Arta Associated with Rhyolite max. 200-
250

(Air mixed) - Good A-3

Asal_Fiale - - Mixed with mantle
origin gas

-- Good
Not for

evaluation
Asal_Koril - - - 116-177 poor -

3 Djiboubi_Awrof
oul_No.2

Basalt - - - 52-191 C

4 Dorra Basalt

5 Gaggade_Taassa Associated with Rhyolite Max. 200-
250

Mixed with mantle
origin gas

- good A-1

6.1 Hanle-Garabbayis
Neighboring larger scale
Rhyolite 150-200

Mixed with gas of
mantle origin
T(CH4/CO2)=266

- good A-1

6.2 Hanle-Dagguirou Basalt - - - 113-170 Poor -
6.3 Hanle_Minkileh Basalt - - - 91-126 Poor -
6.4 Hanle-Agna Basalt - - - 107-173 Poor -
7 Lac Abhe Basalt and lake deposit - - - 136-158 Poor -

8 Nord Goubet Dotted rhyolite and
andesite

100-150

Mixed with gas of
mantle origin
T(CH4/CO2)=323

- good A-2

9 Nord Lac Asal Basalt

10 Obock Calcareous deposit - - - 115-197

11 Rouweli Basalt - - - 75-160 poor -
12 Sakalol_Asbou- Basalt - - - 116-164 poor -
13 Sud Goubet Basalt

Evaluation

2 Recent basaltic lava

No. Survey Site
Geoth.l Alteration Fumarolic

Gas

Geochemical
therm.

Not accessible Not accessible)

Not accessible Not accessible)

Not accessible Not accessible)

No. Site
Regional Gelogy Geoth.l Alteration

Fumarolic Gas

Geochemical 
therm.

Evaluation
Geological 

Characteristic Intensity Temp. ( ) Alkali Temp.  
( )

1 Arta Associated with 
Rhyolite

Sever
-est

max. 200
-250 (Air mixed) - Good A-3

3
Djibouti_
Awrofoul_
No.2

Basalt - - - 52-191 C

5 Gaggade Associated with 
Rhyolite

Sever
-est

Max. 
200-250

Mixed with 
mantle origin 
gas

- good A-1

6.1 Garabbayis Neighboring larger 
scale Rhyolite Severe 150-200

Mixed with 
mantle origin 
gas
T(CH4/CO2)=26
6

- good A-1

8 Nord Goubet Dotted Rhyolite
and andesite Fair 100-150

Mixed with 
mantle origin gas
T(CH4/CO2)=323 - good A-2

10 Obock Calcareous deposit - - - 115-197
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Day Forest 

Mabla Forest

Sept Frères and Ras 
Syan, Khor Angar and 
Godoria forest 

Musha and 
Maskhali Islands 

Lake Asal 

Haramous 

Djalélo Valley

Lake Abhé 

Addaoua Bourale mountain 
area located near Assamo 
village
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Resources CL (mg/L) Accessi-
bility Landform

Well
Drilling
Water

Natural
conditions

In-
habitant

Distance to
transmission

line

Garabbayis A-1 ±1,000 C
Fair

B
Plain

-ragged hill

A
Ground water in

Hanle Plain

A
Barren

A
none

45 km to Dikhil 1
Arta A-3 D

±15,000
B

 Good
B

Plain - ragged
hill

C
Sea

A
Out of a registered

protection area

B
a few

6 km to N.1 2
Nord Goubet A-2 D

±15,000
C-D

Poor-fair
C

Plain - ragged
hill

C
Sea

A
Barren, Desolate

B
a few

50 km to P.K. 51 2
Gaggade A-1 ±5,000 D

Poor
D

Ragged hill
A

Ground water in
Hanle Plain

A
Barren

A
none

40 km to P.K 51 3
Obock * B 5,000 - 40,000 A

Excellent
A

plain, costal
C

Sea
B

Coastal
near town Isolated 4*

Djibouti C ±5,000 A
Excellent

A
Plain

C
Sea

- - - 5
Lac Abhe - ±5000 C

Fair
A

Plain
C

Lac Abhe
D

Registered
B

a few
75 km to Dikhil -

: Conditions that special considerations are given for prioritization
Obock *: Survey of a next stage, separately from survey for a flash type may be recommended if a binary type is considered.

Priority
rec'nded

Workability Reference

Site name

Socio
-Environment

Geothermal
Resources

7 lifetime
8.Operation and Maintenance

1 2nd 3 4th 5 6th

5. Field Development

7.Start up and commissioning
6. Construction

4. Project Review and Planing

(EIA)

3. Test Drilling

2. Exploration (MT/TEM survey)

6th 7 lifetime
1. Pre-Survey (Geological, Geochemical)

1 2nd 3 4th 5
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