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DIKIFZ WD SEDLMEND D,

HH A ARRBERIBI G DN AETEKUEE 5| & B 5 7200 B R &M Ty, AERSCE R
T 57D, VU UAEOTRTOERDEFEICT ¥ ARELND X ) ethaa
LTI B0, TEY a2 2020) &, VT XEDZERNOIRNFERI)NME & ZE L
EBUEEHEY L35, BRI THRERFE—ERERDZLE2H/mRTLDTH D,

ZORBEEERT DI OIEARNRBERIZILL TD 6 22T D TH 5.

BREMRMBFIZE DT K« ANF U RS HF LS EAREHBET D,
JEEETRM & AR CR M A2 b TS EROERLICEE L, 2ok r ¥ —L 0
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B A i k9 %,

PRI DS S BREZOIENNZ L > T, R RM T 7 2 —D8 A & 3R 2 (g
S5,

BRI AMBR%E, BE - @ - 1 CTRAOOM B2 RS2SR TERL, 1»oZ
nh %, HIBRRRRBECREFERRE R D NS Y = VX —DFE L AT D,

A7 TRBERmRE, XX — KRLICTRy NT—r R l%mbEstw5,

H T RE T DR AW S 2 HEEE T D,

VD& B3 2020) BT H5FEHEZR 3-11T7R7T,

AT TANT I F v —EIIET Y a %, () HHORIHERR, G #BE%. (i)
Zil, (v)iEfF ICT, (v) = AF—BLW (vi) KIGEHD 6 5OV TR ST 5,
ZTDIL, TRAFXF—FBIZBITSEY a VI FOKITREN TV,

[=xr¥F—]

AT TEAl 22 E AP REREAFEO—K L 72> TWDH, AAD 99 % DT R/LF—
FITH THY . FHBIEORE B LR TW0D, £, AMBMANESFED 40%% 5
HTWD, 2O, TRV —DENGEE SR Z(RETLIMNENDH DL, ENTHDL
NDKNRAZ L H A, E— FOFA, H2DWIEKE EOFAEFET LY — &G
LT, 2000 ‘EBIFE 6% DEILHE A 2020 4FF TIZIE 35% NS &, BIEENO T R LF
—VHE D 94% % 5O TV DHFH ORI %E 50% I S 55 & T 5,
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# 31 LUK BV 2020 D FEIAA?

LAR— bk

Indicators Situation Targetin Target in Inter-na
In 2000 2010 2020 tional
level
1. Rwandan population 7,700,000 10,200,000 13,000,000
2. Literacy level 48 80 100 100
3. Life expectancy (years) 49 50 55
4. Women fertility rate 6.5 5.5 4.5
5. Infant mortality rate (0/00) 107 80 50
6. Maternal mortality rate ( 0/00.000) 1070 600 200
7. Child Malnutrition (Insufficiency in %) 30 20 10
8. Population Growth rate (%) 2.9 2.3 2.2
9. Net primary school enrolment (%) 72 100 100 100
10. Growth secondary school enrolment (%) 100 100
11. Secondary school transitional rate (%) 42 60 80
12. Growth Secondary school enrolment (%) 7 40 60
13. Rate of qualification of teachers (%) 20 100 100 100
14. Professional and technical training centers 50 106
15. The rate of admission in tertiary education. (0/00) 1 4 6
16. Gender equality in tertiary education (F %) 30 40 50 50
17. Gender equality in decision-making positions (% of | 10 30 40
females)
18. HIV/AIDS prevalence rate (%) 13 11 8 0
19. Malaria-related mortality (%) 51 30 25
20. Doctors per 100,000 inhabitants 1.5 5 10 10
21. Population in a good hygienic condition (%) 20 40 60
22. Nurses per 100,000 inhabitants 16 18 20 20
23. Laboratory technicians per 100,000 inhabitants 2 5 5
24. Poverty (%< 1 US $/day) 64 40 30
25. Average GDP growth rate (%) 6.2 8 8
26. Growth rate of the agricultural sector (%) 9 8 6
27. Growth rate of the industry sector (%) 7 9 12
28. Growth rate of the service sector (%) 7 9 11
29. Ginni Coefficient (income disparity) 0.454 0.400 0.350
30. Growth national savings (% of GDP) 1 4 6
31. Growth national investment (% of GDP) 18 23 30 30
32. GDP per capita in US $ 220 400 900
33. Urban population (%) 10 20 30
34. Agricultural population (%) 90 75 50
35. Modernized agricultural land (%) 3 20 50
36. Use of fertilizers (Kg/ha/year) 0.5 8 15
37. Financial credits to the agricultural sector (%) 1 15 20
38. Access to clear water (%) 52 80 100 100
39. Agricultural production (kcal/day/person (% needs) 1612 2000 2200
40. Availability of proteins/person/day (% of needs) 35 55 65 70
41. Road network (km/km2) 0.54 0.56 0.60
42. Annual electricity consumption (Khw/inhabitants) 30 60 100
43. Access to electric energy (% of population.) 2 25 35
44. Land portion against soil erosion (%) 20 80 90
45. Level of reforestation (ha)
46. Wood energy in the national energy consumption 94 50 50
(%)
47. Non-agricultural jobs 200.000 500.000 1.400.000
(i . LD & - B9 2020, 2000)

2 Frh “Indicators”® “Internationa Level”|lZ- DWW TCOFBAILZR S TWAR W, kB EH
BEELTO EEEL V] OFFEEZRL TSI LD EEZE LD,
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32 =¥ —, BHERKEE
321 (K77 1) EF=FXNVE—BORE L UL (201145 A)
[DRAFT]National Energy Policy and Strategy (May 2011)

MBCR 6 K OHERE ) OBBUITRO L 95 REEDRDILTND,

TR B EOFORFERIEAGILER O TH Y, VTV FEICE > THE
T OB B Th %,

TRNF—A T T ORNEIL, FREEORERELITE Y — EADM LD DI NERT
RThD, £, fk, ENEENBMTEEZ ERS Z LN TEE, VD FEIZED
Mg~ DEAWILEIC 25 Z EBTE B,

H%E4 2017 4 % TIZ 1000MWe LU EOREBRFAEZIBIMNT 5 2 LIZED D 72721,
ZOBRIFILENEITE U TESMIC RIETBRENH D, FEERMA BN Y 72> T,
NAF2ADOFAL BT, KEREZ Y — =R LX—0RICES L, B rae)HE
AR ZHEE S D, 207w, AT X EIZHEICET 2 ERORKIENZKY . —
FCREA AT AHIRED A = T F 7 ~DOBMEHET 2. ENT 3L —GEOBERIC
it T a2=T 4 —DOBMBRERARTH D,

ZOBERZRET DITHTz> Tk, =)L F —4r 8o F BB/ B i NS [E Bt
LD, RO &SRB EBRE LT,

(@) WU UHETIEH, KNDSHIERAB I ORA X o AR EOENERZRA L TW5D,

(b) = LF—BHRFEIX, BEOFHEIZE 5NN TE AL LT FBRLETH D,

(© 72727L., RHESEEEICHALBEENRLETHY , HELFHFEALE TS D,

(d) +5 CoOEHEMED B 0 E Y ek D= R X — R AR T D & L bIT, Rkt ATREZR
AN, FRICHEETH D,

() =ANLF—t 7 X —i%, thORFEEs ¥ —LEBZICEELTBY, ZOE#H 2 L1 5
WEDbDTHD, VY, ZOBROVHAAIIME Y ¥ —DBOR L RS20 EH
5,

O BREEESC= AN —EGBLOZOMDO N~ s F— y T EEET L 8REZ 2D
VERGHD, L0, TFAX—% 7 ¥ —CIIEEREOEHEA A+ DT, =%
JLE—BIFEOIRHEI RN 2 E LTV D,

(o) ZhEMAZERT D720, BRNTGHIITFRFELLEAT 5,

(h) EEFETHIIPPP 2L IPP HEL LTEMSNS L 5 AMNH 5 WIZRBFEEFIC
B ENDZVERNSH L, 7277 L, WEIINT o XAEOREICEHGT D000
B 72 FHE 290 5 BN D D,

Q) KIRA L v BT R VX —ZBHIET 5 7o DI IR O 1 ) 2 HEtE T 2,
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(2. BERTREZR = R L — D43 B TOVAM RN HE L 22 T

LUEDFEATTEHIHE N, =R F —BORIT, ROESEFREO TR > TRESH

T2,
# 3-2 Y EHERO—FEFR (2008-2020)
ltem Units 2008 AU AVERER | orpry
Growth

Population no. 9,886,767 2.3% 13,000,000
GDP million US$ | 3,460 7.0% 7,800
Exports (goods and services) | million US$ | 405 10.5% 1,342
Imports (goods and services) | million US$ | 903 6.0% 1,817
Households with electricity no. 92,000 21.0% 2,000,000
Biomass (net) toe 1,108,600 2.3% 1,453,700
Petroleum products th. m>’MI | 225 15% 1933
Electricity — energy GWh 225 25% 3500
Electricity — capacity (incl. | MWe 55 294% 1300
regional supplies)
Primary energy (gross) toe 1,652,500 15% 14119945

TRAX—BHO S L, R

RS Ty

(Hig

Toe: tonne of oil equivalent(fiiH#% )
National Energy Policy and Strategy , 2011)

HOFEEICY 7= - TIx

1% 86.84MWe L 72~ TEY ., ZTONFRITAKIN 56.2% (9 HEAN 15.5%) .

39.2%% 5T

NT L FEMBEORE AL R>TVD

—Ji. #& 3-2 7 EFOT
Zhiz L, 2020 Fo

T TR LT,

ZHASWTHERR SN
— 7 T ET 1300MWe (2

VU A ETIE

Do ZOKNFEEOBELE LTHOWSILTW D A O AN
LEVnbihd,

B (2011 4F) K 33D LD
Do AU I, 2011 S OBREA R 96.44MWe T, FEA

b B

HEAT B
Ak S
FEETH 5

BRETIZE, & 34 D@ THD,
ETDLHETFHINTND

T, KRDRMIBL, AZ I ABIOE—MZED

BT, 2017 £ T 1200MWe DX ®mOMERAZ BIEE LTS, £OWERIEL, KT
306.6MWe (25.6%) . H1Z4 310MWe (25.8%) . A & > 77 A 295.5MWe (24.6%) . E°— K 200.0MWe
(16.6%) & L. AMASIDOEHELBEL LTV, £ 3-5/n6#K 3-8I10, FTxLX—JK
DB EE DO FEM AR,

IHLEDI L, HEVEIEOBRIEICOWTIEE 36 [T L, Zuz ki, 2011
FEF TIZRAE 21TV 2013 4 T2 10MWe Z BT 55t & 72> TEB Y . D1 2014 F)»
5 2017 FEITHNT T K 75MWe, 4EDEIS CTRIGREAZ N E Y 25 & 7> T 5,
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# 33 BUEDFEEHR
Installed Capacity | Available Capacity
Category Name (MWe) (MWe)
In house Hydro Power Ntaruka 11.25 11.25
Mukungwa 12 12
Gihira 1.8 0 (rehabilitation)
Gisenyi 1.2 0 (rehabilitation)
Rukarara 9.5 38  Mwe under
commissioning
Rugezi 2.2 Under commissioning
subtotal 37.95 -
Imported Hydro Power | Rusizi 1(SNEL) 3.5 35
Rusizi 2 (SINELAC) 12 11
Kabale (UETCL) - 1
subtotal 15.5 15.5
Micro Hydro Power Nyamyotsi | 0.1 0.1
Mutobo 0.2 0.2
Agatobwe 0.2 0.2
Nyamyotsi Il 0.1 0.1
Murunda (REPRO) 0.1 0.1
Rushaki 0.04 0.04
subtotal 0.74 0.74
In house Thermal Power | Jabana (Diesel) 7.8 7.8
Jabana (Heavy Fuel Qil) | 20 20
subtotal 27.8 27.8
Rental Thermal Power Aggreko (Gikondo) 10 10
Methane to Power KP1 4.2 1.3
Solar Power Kigali Solar 0.25 0.25
Total 96.44 86.84
(Hi 8t : National Energy Policy and Strategy , 2011)
#* 3-4 HEJIFETH 2008 4-~2020 4
2008 2012 2015 2020
Peak power demand (MWe) 55 165 700 1,300
Energy demand after losses (GWh) 225 460 1,500 2,010
% households with electricity 6% 16% 35% 60%
% energy consumed by households 38% 64% 75% 83%

(84 : National Energy Policy and Strategy , 2011)
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% 3-5 JKNFEBEE (2017 £ ET)

Expect_ed_ . Responsible Project Status Expect_ed
Commissioning Capacity (MWe)
GTzZ 2 Micro hydros* Under . 1
construction
. o Under
2011 GOR 6 Micro Hydros construction 4
3 Micro Hydros*** Under
BTC construction 32
CTB/EU/GoR Rukarara Il - 2
2013 Under
GoR Nyabarongo | Hydro construction 28
GoR Ntaruka A - 2
Rukarara v/
2014 GoR/IPP (REFAD) Mushishiro Hydro ) 5
GoR/IPP (Rwnda . .
Mountain Tea) Giciye Micro Hydro - 45
2015 GoR/Burundi Akanyaru Hydro - 3.9
2016 Rwanda/BR/DRC Ruzizi 111 Hydro F/S 48
Rwanda/TZ/BR Rusumo Hydro F/S 21
Nyabarongo |1 Nyz;ll?arongo I Hydro | _ 17
2017 multipurpose
Rwanda/DRC/BR Ruzizi 1V Hydro Pre F/S 96
GoR/IPPs Micro hydros - 50
Total 306.6

* Mazimeru, Musarara; **Janja, Mukungwall, Nyabahanga,Nyrabuhombohombo, Gashashi, Nshili I;
***Nkora, Keya, Cyimbili

(Hi 8 : National Energy Policy and Strategy , 2011)

# 3-6 HEEEGHE (2017 £ T)
Expected . . Expected
Commissioning Responsible Project Status Capacity (MWe)
Karisimbi Early Well; Drilling before end
2013 GoR/IPP Head Generation unit of 2011 10
2014 GoR/IPP Geothermal | - 75
2016 GoR/IPP Geothermal 11 - 75
2016 GoR/IPP Geothermal 111 - 75
2017 GoR/IPP Geothermal IV - 75
Total 310

(Hi 8 : National Energy Policy and Strategy , 2011)
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F 37 AXHAFEEE® (2017 H£ET)

Expected . . Expected
Commissioning Responsible Project Status Capacity (MWe)
2012 Israel Africa - 35

Kivu watt Lake Kivu methane | - 25

Israel Africa project - 30
2013 RIG/REC - 25
2014 Kivu watt - - 75

Israel Africa - - 15
2015 REC - - 22

DRC & Rwanda [— - S0
2016 - - 50
Total 295.5

(Hi# : Electricity Development Strategy (2011-2017), 2011)

# 3-8 NAA4 (v— ) FEEFHE (2017 H£F£T)
Expected . . Expected
Commissioning Responsible Project Status Capacity (MWe)
2012 GOR/RIG/REC | Peat to power Under 15

negotiations

2013 PUNJ LLOYD | Peat to power F/S 100

IPP to be
2016 identified Peat to power - 85
Total 200

(84 : National Energy Policy and Strategy , 2011)

3 A K UIEITOWVTITE I BFEEIE (2011-201DI2 X Y 35 E A R ENTWAT-HF

BB LT,
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322 (FZ7 1K) BB (2011-2017)
[DRAFT]Electricity Development Strategy (2011-2017)

7 1B kG (2011-2017) K E D HEIL, ROFRIZiEDNL TV 5,

HEERZ WV UBEE & E 3 5 &R Z1EH Loo%/y%ﬁﬁ DEFREIEEITI> ZEI2E-
T, EHFBETH D 1000MWe DIBINFEXR A E% 2017 £ F TIZER T D EFHEIO R E,
FOEARR 2 BRIIROMEY Th D,

(a) BIfERERR TP OFE L BAFE G mﬁ IZ5EK S8 5 T2 DI LB AR O

(b) BfE72 T2 5% E Lo F I L 2 DB N TEARZ2 BB %S 0 I

@)W%@&ﬁﬁé%aﬂﬁﬁ%%$¥:z B2 IR D ek

(d) =350 5 SRS 0B e VA E D F A

(e) EMBEE ZITONAL =D D2 A v T 4 7 L BREEREL G, WHDNEDSH
% BUR O B A

(f) FEVRBHZEFHE 2 FEhE 95 72 DI B e NIE IR OB %S

(g) =TRNAXF—FEHEDT- OO T2 2 =T 4 —DBN

PLED £ 5 A HECHRIE SR TSR ) Xl [EF= L% — R
ERENK | (ITHSE NG, £ 39 OITEGFHEA /R IN TN D,
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39 JREEWEE ;2011 25 2020 £ E TICRIER &% 96.44MWe 7> 5 1000MWe (238N X8 5 72 O TG BN G i 5

Expected Plant Size & Conﬁgurati(.)n/. - Capital Generat.ior.l Option/ Added. Total Capacity|
Comassftorsing Length & S%ze o.f Transmission Responsibility Cost T?ans.mls.smn & . Capacity Added
& Distribution lines (MIn US$) | Distribution location (MWe) (MWe)

1 X 20 GoR Diesel 20
3 GTZ 5 IMicro hydro 1

o011 7 X GOR 0 6 M%cro Hydros 4 g 4
3 X CTB 10 3 Micro Hydros + MV &LV 3.2
50 solar PV installations in health centers CTB 1.5 Solar PV 0.2
Transmission line 100 km CTB 10 [Rutsiro-Rubavu and Nyaruguru
1 x 3.5 Israel Africa 14 Methane 3.5
1 X 25 KivuWatt 75 Methane 25
1 X 10 GoR/TPP 35 Geothermal 10
1 X 15 GoR/PEC 25 [Peat 15
Electrification of 300 rural schools GoR/EU 7.5 Solar PV 0.48

2012 Transmission line 65 km EWSA 20 Karisimbi to Musanze 53.98
Transmission line-180 km EWSA 54 Kibuye-Rubavu- Kigali
Distribution line (MV)-450 km EWSA 27 Country wide interconnections
lAccess — 300,000 connections EWSA 360 Country wide
Distribution Sub Stations 400 MVA+ 3 *220EWSA Country wide
110 kV sub stations 23
1 X 30 Israel Africa 90 Methane 30
1 X 25 REC 75 Methane 25

013 1 X 75 GoR/TPP 225 Geothermal I 75 60
1 X 28 GOR 0 Nyabarongo I Hydro 28
1 X 2 CTB/EU/GoR 10 Rukarara II 2
2 X 50 PUNJ 300 Peat 100
1 X 75 KivuWatt 225 Methane 75
1 X 75 GoR/IPP 225 Geothermal 1T 75

0014 1 X 5 REFAD 18 RukararalV/Mushishiro 5
1 X 4.5 GoR/RMT 16 Giciye Micro hydro 4.5 161.5
1 X 2 GoR 10 Ntaruka A 2
Distribution lines (MV)-450 km EWSA 27 Country wide

16
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Expected Plant Size & Conﬁgurati(.)n/. - Capital Generat.ior.l Option/ Added. Total Capacity|
Comassftorsing Length & S%ze o.f Transmission Responsibility Cost T?ans.mls.smn & . Capacity Added
& Distribution lines (MIn US$) | Distribution location (MWe) (MWe)
|Access — 325,000 connections EWSA 390 Country wide
Distribution Sub Stations 400 MVA+ 1*220EWSA 13 Country wide
110 kV sub stations Sub Station
1 X 15 Israel Africa 45 Methane 15
1 X 22 REC 66 Methane 22
2015 1 X 3.9 GoR/Burundi 35 IAkanyaru 3.9 909
1 x 50 IDRC & Rwanda 150 Methane 50
Transmission lines — 130 km EWSA 40 Country wide interconnections
1 X 75 GoR/TPP 225 Geothermal IIT 75
1 X 48 Rwanda/BR/DRC (150 [Ruzizi 11T Hydro 48
1 X 21 GoR/Tz/Burundi 200 Rusumo Falls 21
2016 1 X 85 PP 225 Peat 85 229
Transmission line -15 km EWSA 5 Geothermal III & IV to Gisenyi
Transmission line- 10 km EWSA 3 Ruzizi III to Ruzizi IV
Transmission line-85 km EWSA 25 [Ruzizi III to Kibuye
1 X 50 DRC & Rwanda 150 Methane 50
1 X 75 GoR/IPP 225 Geothermal IV 75
1 X 17 Nyabarongo 11 158 Hydro multipurpose 17
1 X 96 Rwanda/DRC/BR 240 [Ruzizi IV Hydro 96
50 GoR/IPPs 200 IMicro hydros 50
2017 Transmission lines — 85 km EWSA 25 [Rusumo to Kigali oss
Transmission lines -180 km EWSA 55 Country wide Interconnections
Distribution lines (MV)-500 km EWSA 30 Countrywide
|Access- 400,000 connections EWSA 480 Country wide
Distribution Sub Stations 400 MVA+ 3*220EWSA o3 Country wide
110 kV sub stations
Total 5,046 1,111.78
(i # : Electricity Development Strategy (2011-2017), 2011)
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3.3 MK RBR RS FTE

3.31 (FZ77h) MU FHBRERFAE LR 2011-2017 (2010412 A)
[DRAFT]Rwanda Geothermal Resources Exploration and Development for 2011-2017
(December, 2010)

VD o ZETIL 2017 4F £ TICIRERRIEA B4 1000MWe IZHIMSE L5 &4 2 BiE%
72C, A E TIZ 310MWe OIS ER EZHHET L5HETHDH, ZOWREHIT. ZOH
BEZ R T DT DI LB RIEB 2 BT A 72 DIE SN D TH D, WOHEHAEE A
TWn5,

HIZABH 7 DB

HUEABR FE (R % AR

EBNE

T v VRS & AR R Hk s
A LTA

RN S B

BRI

HEBRFE (T I 1T D RSN

R =BG Z D 5 O e R

Tz, B2 5> b 5 EHBIZOWTENT 5,
[ 2B R DB ]
E SR TOMMBRT 2 v LiX TO00MWe UL FIRFET 5 & BfES Doy, B
RN IC DWW EN D TH D, BB OBMEZE 3-10 1ITRT,

#* 3-10 MG L BAFOIN

HIEH TIRTEIT | e | e | SURGEYOE | SRR
V58 Ik
(Karisimbi, Yes Yes No No No
Gisenyi, Kinigi)
Pk No No No No No
(Bugarama)
F DO ik No No No No No

(tH#h: Rwanda Geothermal Resourced Exploration and Development for 2011-2017)
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[ M ZABHFE 12 2 29 2 ]
# 3 11T 5 HBORENHIT LN TWD, < OFHE TELIOMBEI TR S
LTV 5D,
# 3-11 HhEABAZ IS SR
Zx AR
A ) 7 Jif 5%
AR+53 72 NHTETR
T RG] TP HIARGE 72 FHE
T Hulsk & H# 7 O E O WA 2
MELEERFHREICLDIFEER v A LOHIK
AR & CTRICIEBIFER 72 R —54
HWEVEIROF M, EE, BE, WA s - SUMHEHIGUHRER
el HZERT o v VIRED T DT — A DAY —HIRY & B
GUTRAIGLE ., SRR O KR
HZEAGAEEBRATE O 7= DI HEHI EE D kAN
T BE A A Hidk & TR e i EABE F8 12 0> B RS BRI EE o0 R
avtyva U fTEDORX =X AR
AT 4 T EERE —ANVEREF A2 VT LTREONATe )Y
B BHRFAGG ) AU
HOGER., HOBGERF. #hERBRBEEZOSM
HUZEE IR O 4] B
— ARk HEGIY A7 NRELSEMTH D &) — 7%

(Hi#1: Rwanda Geothermal Resourced Exploration and Development for 2011-2017)
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ES5Tary
EREDOFRE ORI T DEBNEITROEY L STV D EE 3-12),

#* 3-12 AEICKT D RS

¥ S it - 1H

ESIN - T ARTOMEBIREEMRE F T ORI HIEEDOIA

a1 - BRSO RIEA L ZOHEBI I 22 & D72 O & B R
o - P B OB ORER & iR

AHWEAHN X C O FEA IR A & YU R HI R
> Kmmmikwfmﬁm%%ﬁﬁa%mm#%%ﬁﬁ
> Karisimbi, Gisenyits K OKinigilZ 3517 2 [FIFF AL
. > IR YT ) A OKRE
- AHIEAHIX CE L E L3R O G HIFE A
> HSUHRHINZE OUE ., HEIAAKIROfEE ., ETAD i
» Well head generation i
> m#uﬂﬁkﬂ? Bgx7 L

- - :y?yyayiﬁ% — NI U E DT TITRB D D2
- HEGHEBI R A~DRIL A 130 D 72 8 DE0L D e
BUR - NEBRERETFRATT=DDA T 47 &2 7 OVERKR
- HEOMEEFH O

HFER, HOTBUTE L O REF O S

e | VT Jva v TREREREEB UV T VA EMBGRT Vv VDT E— L
b ﬂx Dk DA~ Bz%ﬁ%ﬂa%’?z‘t FoN—=HENRT =T vy TR

IS 2 2 LIC KD B

(HH Rwanda Geothermal Resourced Exploratlon and Development for 2011-2017 % 312 FEA% AK)

[RF o v LFHAE & BB Rk ]

RT v Vi & IBABRSEHIE & LT, RD 4 AT v T RBRREN TV HGEE
3-13), 2017 4ED HAZZERR D 7= |2, Step-3 Tl 3 f&ATO BB R ML BV CTH
FF 20 A OHHINEE S TWD,

% 3-13 RT3y LA & NGRS R

U

AT 7 Z

Stepl |+ HHIUESCHLEMRA, TiETHAR X O

Swpp | ° WA R A
P o HEEX ORI IS U i

. %iﬁ%ﬂiﬁ@%h%ﬂ3$@%ﬁﬁ#%ﬁm IROFHLGUHIRA], S DICUARDAE
Step 3 HHEH], IrREEERET L, L7 =V T —fE, L E a2 —2
. .ﬁﬁ#mﬂziﬁa)iﬂ/\ %. Well Head Generation== = k T10MWe®D 3 7E

Step 4 o HAHTEMWeD#EZs 4 = My DA FEH A E T2 T
P o EIA, H3ETE R R BT

(H i Rwanda Geothermal Resourced Exploration and Development for 2011-2017 % 5512 FEA# %)
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CEN A EE )
F 314 [T H A DAV a— IV ERT,

Ziuz kv, JEEIBIAAEE A 201145 & LT, 20174 £ TIZiE. Karisimbi & Gisenyi i [X
IZZNENTEMWeDEE R 2222 = » MO8 A 11T T300MWe Z PR3~ 2 FHE & LTV 5,
F 7=, 20194F F TlZiE. Kinigi & BugaramalZ75SMWeD iR 2 22 1 == MEZfHT 5
FHEE LT D,

#3144 HA LA a—)

(H 84 Rwanda Geothermal Resourced Exploration and Development for 2011-2017)
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3.4 EHRR Yz h—FF—DEX
Development Partner Project Matrix-Energy Sector (January, 2012)

HZEDO R F—0@hx 2% 3-1512E 0D F LD D,

Ty AFI) e LIR— |k

# 315 ZFE R F—=ICLBE NIRRT =7 b

Donor Stage Detailed Spec period Fund
European In Activities to be defined, 2014-2020 Possibly a focal point for
Union preparation | most probably in the EU-Rwanda

cooperation with other cooperation within the
Development Partners. 11" European
Development Fund
Belgium/BTC | Planned Energy Component of the | 2011-14 55 million EUR grant
Indicative cooperation 27 million EUR
Program (Geothermal)
AED Planned Development of a 10 million EUR soft
pilot-production loan
geothermal unit at
Karisimbi site
Japan/JICA Planned Training course (about 3 in 2011 and
weeks) 2012
geothermal energy 14™ December
development facilitation 2011
seminar
geothermal master plan
project March 2013
short-term geothermal
experts

ZDIEMNZ, JICAIZL A ZEREL LTUTOLDORH D,

: A ERL)

o LU UFHIBBAR T — I 2013 45 (Data collection survey on geothermal

development in 2013)

VD X E O MEVETRBA R O BUK - FRES MR Th D =1 X — - KA AFEIZE
T5, B FERO L E2— YA ME, BRE~DOE T U VEICIVHERNEZIT I,
Flo, VU CHEBUFIZ LD FEf SN MR REORE LA — b RLFR— MIED
TWRE SN R G E L OGUHRE - BBREtE 2 L Ea— L, VU HEICBITD
HIEVE R BHSE O 7 8 K OGUHRH - 7 — Z SIS ) 2 BT 22 M iR E 2 R/ET 5,
EhIC, ThbHEBEEX, 5%ONY CAEICEIT 2 MBRBE~DOXET 7 o —FMihc
BT HHEMRAID &5,
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o NU U FEERHRR R BT R X —BRBEHEED - OB SRR EREXE S0V

7 MEEMETER A (EABEREE, MBGEEE, RELSAE)
ND X EE, BRI & — B U7 MBS S O AR OERIZ A 9 RE 11 I
i dH T, BFEOEBNRBEHBEOT v 77 L— R & &b ICHBBIRGHER ES O XS
FEE LTz, A7 Y27 MTBOWTHIEA T 3L —BIREHE D 72 D F1 B R FHE R E &
THITHIZY . BBIBHFEEERE IS HLIEREROBEBL - INEE - o2 2RV, FEMEHHE
DREZAIT I,

3.5 HIBABAREIZ DBt K — DX

[V v BB %]

o T A AT FEREIFE#EHE (ICEIDA: Icelandic International Development Agency)
WL, EERFEHEA T oL X —RHEHE 7' e 77 & (UNU-GTP) ([2&FEL T, 6
H O L ¥ —HANHE 7 1 7T 5% 201346 A 24 A HEAL TS, B
Eix, EWSA @ GDU OFEIZx LT, 7414 A7 FMEHFAEFT (ISOR: Iceland
GeoSurvey) DOHME DT> TW5D, WHESZE X, HAHEIHAT, HZRHE nﬂﬁ H
FHERAE, HEFELOREE =2 V7 L ZIICE-S>TW5, £z, HEHE
DY —k L/Tfééﬁiiﬁﬁﬁf%*?ﬂﬁjtigfﬁfﬁioJ:(ﬁﬁﬁEUZEE?X?ﬂﬁénﬁﬁﬁﬁﬁ)£ﬁﬁifﬁ7?n”iﬁ<E
ZHEE LTS, hL—=27 iF‘aﬁﬁAﬁfﬁ@ 5 HlOEHERICH iz, VY
YA~ OIHIBAGIC G T, BIHICHE IR E S EEE L, A T E TiThh b
%Ef%éo5aﬁ®%$%%W@%%H§w 61T L7,

® bRkPAFEFES (Nordic Fund) (X, FEAEZENH Y 3 2 HFHAI Ol CEEFEE O 70
W2, 7A AT ROEH Raykjavk Geothermal #1226, A HIH TS 2 —4 JRiE L
TW5, 201145 9 A 6 HIZ 500,000 =—nr, 24 7 A OJREHMCTEESIN TN D
— AN 3 DHARZROIREIFRE L 72> T D, HFHRHI LFIZ )02 M LR THFofE L
BE PRSI L TRy,

o ~LX—Hilh /1M (BTC: Belgian Technical Cooperation) &, Bz ZG AR D3
ZHAOL TS

[ 30 = =l X 2B 58
® U EHA ML EAK 16km R, B Y LB RILEO X =X 2B\ T, i
NTESH TS, EWSA—GDU MfkEIC LT, ~v X —Hiirp iz, = ol
HIZEMRE LT 27 B h2—r 25357 ETH Y, 2014 FFHDICHEIND Z
Ll oTn D,
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HZABHFE G AU - Rl

BAR HBEERHERE L Ea—

41 TOWO LV FEHBERFHAE] 75 v AHE - §51UFZE BRGM(1983)
Reconnaissance Geothermique de la Republique de Rwanda; BRGM (1983) in French

JREIL T T AGER O THRILER Z SR LTz, Tt EMN, U. Ruragarama and R.
Uhorakeye (2010)42 k> T ST 5,

1982 /I 7 7 AOHEFLILHFZEAT (BRGM) 23 1982 4RIZ/V T 2 12 CHIEARA % 52
BE L. TOEOFTHA & KBEHVE R ONEIZE R A K > TOFAENEALTE T & i TiThoh
7o BRT 18 METOEK IR AFERD « T v, SR O R IE Kivu 1 oAb simeE Lz <
RSN T 5, BRGM WFi# L7 £ HURII Fieo#E Th 5,

PEEN © Mashyuza (Rusizi district), Gisenyi (Rubanu district) and Kibuye (Karongi
district);

RN : Ntaresi (Karaba district);

AEE I © Musanze district

LD HEILILRRAIZ 1L, “1983 420> BRGM D Tld, 100°CLL k& FLATH B2 BT
JEORT v h Dl E LT Gisenyl & Bugarama 2R INTWD7, Ltk &S
nTWng,

42 T v FEHBT XL F—BRT ¥ v VA ¥ = 7 1 L 4(2006)
Preliminary Assessment of Rwanda’s Geothermal Energy Development Potential;
Chevron (27 November 2006)

T u RN bR EEH ALY X EIEE X Gisenyl & L HI X
Mashyuza (2B W TIT o 72 HBVR T o o v )L OFHEFE R A2 % 4-1 125 L7z,
Zz I, Gisenyi XK OHTFRJEIRE X 150 - 210°C & RfE L b TW5D, F7-fadih
LR R CIX 110 °C 20 5 141 °C %718 L, Na-K-Ca HifL iR FE§H Tl 181°C 2 /R LT 5,
7272 L. Na-K-Ca Hifb=2IR EEFHIC Mg #fi I 21T - 7= Na-K-Ca-Mg Hi{b iR 5+ Tl i g iR
JET4°C L0, LENTWD, £7-. Gisenyi DIRRAKN, EiRATHEE CYMricE Lz
BoKkE, =732 U LMTETIKIROM K EEA L7oRET 5 &, Giggenbach @ Na-K-Mg

4 Uwera Rutagarama and Theoneste Uhorakeye, 2010, “Geothermal Development in
Rwanda: Proceeding An Alternative to the Energy Crisis”. World Geothermal
Congress 2010, Bali Indonesia, 25-29 April 2010

5 Stephen Onacha, 2011, Rwanda Geothermal Resources Development Country Update:
Proceedings, Kenya Geothermal Conference 2011
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AT 7T AR ERAEATX . 2 LTI EOREIL 210C L RiES bbb
L. KUK~ 7R T DCELeZ 00 ZOREITEHENE LTV D,

# 4-1 Gisenyi, Mashyuza (2317 2 Hif b 2210 BE G325

Prospect Meas. Temp. | Na-K Na-K-Ca Na-K-Ca-Mg | Quartz Sources
(C) (C) (C) (C) (C) (C)
161 to 212 181 74 141 ;zfnz les
Gisenyi 70 to 75 200 6p
161 to 212 181 72 110
Samples
1982
241 to 272 204 to 205 21 to 23 122 to 128
Samples
Mashyuza | 42 to 54 2006
241 to 272 202 to 205 21 to 27 101 to 102
Samples

¥ : Mashyuza 13V 7 > X O M HE, AFCIXERD 7220,
(HH#: Chevron, 27 November 2006)

PLEX 0, AN L v B O 150- 210°C SR T UL, A+ —%
& U7 BB R IR E I ARE CTH A 9 Lfsam L T\ 5,

HEET L E L CTIRO RN HIT 5 TN D,

e ETN—1: LV AEEMENRD D HBE T VL, BT E O EUK A HE Y S o E TSI
STFEFREIIZ EH L TETNWDLET L TH D, £ 0 EREP  BUKITEEME Kiva
OWIKLH TR ERAE L TWD, FFREOBKNLIIVEDOT A (BX b < kb
R3E) BDHHESNTWD, ZOETNLOHE, BEL L UIFEBIRENMITE 572
AHIENIVRTINBDD,

o T L—2: "JREMEIZE < 72N (less likely) fUEER & L ClIR A H T 15, Gisenyl
DIRSREIE, ALH O KN O @IROIFRE ORIGRICE Y T 5, 2054, H{bFR
ETREINTEZHDO XY @EIROBIENFET 2L H 5,

A ORI R, HIRME TR, M bR, WERAE . Kiva WSS R A,
DERMPIRE SN TN D,

AR

43 TWO U FEAEE S v TNV T T v v aBing ;U —Rof vy MREERR O AR
1 74 R T v FEEAFHRL(2008)

Feasibility Design of an Integrated Single-Flash Binary Pilot Power Plant in
NW-RWANDA; Theoneste Uhorakeye (2008)

Z O, BRGM (1983) & Chevron (2008)23T o 7= T v v LR ICE X, BT
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HEEE % 210°C, DO MIEFIAD T Z )L E'—% 900 kd/kg L ARE LB DA F
U—RBOAREMEEZRFLELOTHD, TOME, 20X 5 2HEGRIA 1 ke/s 2253
TV —RETHELNLLIBEBLATRLF—1X, 85kWe Ll EE&FfimsitTns,

HBR T o 3 LSO TEER LTV 7R,

4.4 TLY v ZEALE Virunga B O #IBGR T o 3 v VEEEE ] A Y #ERE R R R E IR
BFZERT BGR(2008)

Geothermal Potential Assessment in the Virunga Geothermal Prospect, Northern
Rwanda; BGR (1 August, 2009)

KA HIEREL 2 RSRE IR SERT (BGR) 73 2008 4T 720U o X EHALER D Virunga
BB MU OB T 2 v VEHIE 4 HAIZOWTITOIL TV D, £ OEKITLLT D
nThb,

G Sevtiy

o T 7V HHERFR (EARS) 1&, HHUEH & VEHITER (2001 T 5, AU,
PEHE AT AL LTV 5, RHIER L 30Ma ICIREh ZBtA L= & S b DIizxf L,
PR O LI O 7 VL MBI TlE 12Ma, Tanganyika i €l TMa [21E
B2 BHAA L, IEEIBRAAFRFE] 2 12 LT\ 5 (Ebinger, 1989), #c#1? Karisimbi /K
(L DTEBN L 240,000 4F/17 & 90,000 471 & VW04 d (Dancon et Demange, 1983)

o HEKRT v L, Karisimbi KILOFEEEIZH D Z EBRHIFFS LD,

o Karisimbi K ILIFE BRI, RKiAKCH RN EE T, BWiEICE A, BPIERICAF

ET 52 RPN D,
[#FAR{LEFEE]
o flEx OHULFIRETH DI L, FHENREEICH D & E 2 DDA EMLFIRE I T
DEY ThD,

£ 42 AEHULAIRE

I b FIRE (C)
Mbonyebyombi 110 - 130
Mpatsi 130 - 150
Karago 120 - 140
Giseny 105 -130
Iriba 110 - 120
Nyakagen 110 - 140

(Hi#: BGR, 2009)

o [AERRIC, RAEKSE (HC) ICX oMb ARE RS TWD, 72720, 2 b ol
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AR T HIBCR TR AR A I LTV 2 3R TIE e < FERISE WIRE 2R
LCWAHREMENH S E L, 72, Ntango OIREE M OJFIA % KM L TV 5 Al HE
bbb E LTS,

# 4-3  RILKFEHAL IR E

AL ClC2 Hifk 52 i &
(©)

Ntango 342

Mubona 232

Gisenyi 209

Karago 226

(H#: BGR ,2009)

e Pl kXY, Mbonyebyombi, Mpatsi, Karago, Gisenyi ® 4 {E® (21X, 100°C %8z
L HBGARNIFAET D ATREMEDN R STV 5, fthod Iriba & Nyakageni @ 2 JER & [RIER
DOHEZRL TS,
* Gisenyi & Karago 7255 & HIZABHFE O vl gEMEDN & 2 MUl T 5, Lﬁ‘bb\jﬁﬂ@ﬂﬁﬂz
THERMEBRNFAET 2 AREMEIZ R LTV, UL, AT U —3Eh
X DHEBEBORREMETH 5,

[#ERHEFE (MT. TEM #H7) ]
o HHPTIA (MT fid) OfEER. Karisimbi KO EIZ F—miRHIZR O FED
HESND,
o BRITHUEREEICHH S TR Y . Karisimbi KIIOMEEE ~ 7~ DRALBRED
IEEIOMED bOEHEES N D,

[ L3y 2 b ERE]
o HEFRHBFEIRAERR, U A O I AIRERIE, 2 S OMERE IS ST
Wb,

o LEOHEMED S bEELRL O, b7 U THRHERE LIS TR EZ XS
SW-NE J5 1m0 F2WrJE Td % (Muhungwe BrE) , 2 RE7Z2 Wi 13 3= 20 & BAS
4% SE-NW g Tbh %,

o HEBMEIREDOT AN NG OWIEIIh> TBHISh D, ZOBIEIT, EHIZ
ZIET D RKINPEHBCR FAE L. £ OKILPET ADWrEI2in > T EA- LT, fﬂi‘%
ST D b LHEESND,

(% &l
PLEOERING, LLFO X 5 ITfEm STV 5,
o KM D I EHVE A IE X WSW-ENE @ /517 % 7~ 3 Muhungwe Wifg T 5,
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o WEEREOREE, Karisimbi X[LIO G LEIZH > T, Mukamira Zi# Y Karago
(ZE DRI FR RO b D,

o I ATAETH MBEEEEN RN OHE LN L AEROM FREMIEZ R L TV D,

o HYETAEEERHC JAuE, A O BT R JE IR AL 13 105 — 140°C OHPH TH 5,

45 (7 ) =27 4=V RT—FDRICLDBNT v FHBHE ORBRETM TA ATV
R E B K 5w 3 (2009)

Assessing Generating Capacity of Rwanda Geothermal Field from Green Field Data
Only; Uwera Rutagarama (2009)

AKX, BEFORET — 272 E2IEHL, ExOoFEEHNTALT VA EB LY
Karisimbi HEABIFEHIAT ORT v VA L L 5 & L7 b D TH 5, EH TR O
FLR ZBIE T DI H > T TR sl L. B0 EHN R EF AR THDL Z L&
R LT\ 5,

G, B2 ORI, AFARER T — 2 2 VT, BEEN e ST
52— HOREDKIAT) D TH D, 7—FRREFELL I DD TH D : A ITER
BNCHETEENC AT 2 DO TH Y . A ITHITEAE R, BREAHIR, HEBURSIC
KIETHHDTHD, TORREK, HORHOEFRMIEEN RO THY . EWR R E
N AAIRTHDH (Muffler, 1981) 7,

KT 2 VML, FREDFIEIZ L > TSN TED | Z O REE 4-4 (7T,
KIHEHANT & 2 A

HRENT T v 7 ALK DT HNRIEL D5 (VD 4 H)

KB T T 7 A K D EH

T TRLRE T T v 7 AT K DRHI

Hx DT A—HICLBE LT A niEL D (Karisimbi)

or ol W o=

#® 4-4 BT 2T x VEHERE R (AL MWe)

ik AR AE R
KILEGGHINC K DR 100

BIRENT S o 7 22X AL T hHAIEL B0l (LT X EH) | 26 +12
WMFEET Z v 7 A2 XD EHE 80 + 40
TR LIRFE T T v 7 A X DM 17 +1

Flix DT A= BE T Hailkl 55l (Karisimbi) 345 + 150
¥y 120 + 50

(H#4: U Rutagarama, 2009)
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RICHESE FRAMME LTS,
o« ATUHEAEROET LT 26 (+12) MWe~ 100 MWe & RLEFH B b,
*  Karisimbi #IXORT 2 & L 17 (+ 1) MWe ~80 (+ 40) MWe ~345 (+ 150)

MWe & RS b,
s Z?HH 50 MWe BHIIBISE & L TAEINTH B,

Ty AFI) e LIR— |k

BB, BT ANBEOFIAREDMERICHT- > Tit, BB/ TF A —2 2HBEIC
THRERDS D, HOLNEATA—F & TR, £ 45 BLOK 461577,

# 4-5 BB (Monte Carlo i%) ([CHWHN /8T A —X

RS R W | | 227N

TSRy Ai B/ IME S ON!
TfFE Km2 26,338 —E
BRI E WmeC |25 =0 2 3
HIZAA) °C /km 40 ViEN il 20 60

(Hi#: U Rutagarama, 2009)

# 4-6 AT T LI (Monte Carlo i) ICHWHNTZ/RT A —X

5 A5 T Y T S Sk oL
RSl B/ ME I KA
[ km?2 40 = A5G 30 50
JEx m 1250 =534 1000 1500
A kg/m3 2750 = oAm 2500 3000
A L2 kJ/kg 0.84 =0 Am 0.79 0.9
B L % 0.1 = Am 0.05 0.15
IR °C 240 = An 200 300
MR BE °C 155 —E
DAL kg/m3 814 —E
it 4 L 2 kd/kg °C | 4.78 —iE
MR BTN =R % 0.2 = o0An 0.15 0.25
FEE R % 0.13 = A5G 0.1 0.15
A FH H1 8 30 —7E
AR % 0.95 —iE
(i #: U Rutagarama, 2009)
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Z DT I, ITREEIREEPA A 200~300 °C L L., b AV 9 DiIEEA 240°C L& E
LTW5,

4.6

VY v FE Karisimbi HIZHIE O HBRT > v LV (REHMEE) yr=TEHE

F18% KenGen DF575(2010)
Geothermal Potential Appraisal of Karisimbi Prospect, Rwanda (Combined Report);
KenGen (March 2010)

AP, SEAT L TITDREE (BGR, 2009) O Fn b 0E & LTHER S i@l
WA I LT b DT B, FHS NI BRI FOMY T 5.

WEREEA - MT & (60 "4 > k), TEM & (55 41 > )

M bR (R A - S bRE, KELT V) 140 70
REEN—2 T 4 VA

IKBRHIE 5 — & fil At

ATl BER—RA T A VIRALSOERBICHOWTENT D,

[#3BiRE - MT #8%&. TEM #H#]

TREBICAR LR (20 Q-m) 3B S 4L 5 DITIRIZHIE TH 5,

> Karisimbi X ILHIUTEORI L, S HIZHERO Karago T, 245 X CTIE
SIINIVTBIEE SN DD, R TIE— KL o T 5,

> Karisimbi ‘K [LAL#

THOREEGTRTR, T ERRA O m EBUK A B S X ONE S KA ITER LTV D,

Karisimbi K [LFEE O HT 5km (ZAFTET 2 KFBARILIRPUR 13, (R38R & iR S

L, AEREEEESICBA L~ 7~ EHEE SN D, Z OO X, AH

B OHER OB L HE SN D,

Z ORI PUE IR, A O NE R0 LIE NW RETEICH 2> Lo E B S,

DWrfERIZIR > TRIKIIBEIT 5D EBEX b5,

(HfLFRAE . “RLRER, ABRBL VT F]

TIAERFE KT RO ERIZ, BGR (2009) DA LA LT, NE-SW O
ZITE R d L OV NW-SE D RIETE R I > TBIRI S L5,

bt 222Rn/COz2 35 X OMEINZ IR LE 222Rn/220Rn D434 [XIZ K AuiX, Karisimbi K (L 75 (L
#E Kabatwa ([CEVMER R 6D, Zbid, HIFTETNO DT AMGERHH Z &%
RLTWD,

¥, AKEIZHOWTIR, 3HE TOLEERBIAIEA 2 b, BIKEFET 5 2 &%
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TE7RY,

[k HE]

ARSI T U R ISR S VTV D IERTE R & KL ISR S 40T 5 M %)
O, HTFAKNZEIZPEINTND EEZLILD,

Karisimbi /K [ IR HIE 23040 L TV D203, 240 B Ik ILITEB) O F f& B C T
B S VI A B AR CEDN TV ARIERIZfE>TnDbDEEZ X HD,
[AIERIZ, Karisimbi Hus THIEJKEFGIC LMBIE SN WBIR S . 2 OMmaEiE
HTEON TV ZLICERT S EEx N5,

Karisimbi #US DOt F AT IEARIIZRIEKFEL TH Y | v 7 R0 LA T2 DFE
TEEH T ARRTREISNTWND Z L EmRT,

7272 L. Karago. Buserua, Mbonyebyombi ®H T/KIZERE DHEEA 4 &5
ATEY, ZOSARIUIEJE L LT 2 2OMEJIO~ 7~ 0 OFfFEEZR LTV,

[RF o vvn]

(&

MT/TEM JHA& 2 S RFREE N ED & HEE S b ik, »vo 7 #ilsk & Karago iifF
TTH L, AREGU (200m) OEEZIZZNZI, EE 3.5km (J#k-1000m) &

BRI 2.5km(fiHk+0) T 5, T4 6 HUIRO KRG THAT O I TV e < AL - ThH
20km2 Th 5,

=T EAIND Y T HEHIE ORERD S 15MWelkm2 & ABE T 5 & Karisimbi HiZh
HX TORT /Lt 300MWe & RLEE S HAL 5,

B

Karisimbi X [LIZIZHBR BFET 5, & D434 1x Karisimbi kL (L Hidsk 7> & pe
J71 73 Mukamira % i8> C Karago #lICE 5 #illi ¢ 2,

Karisimbi X [HDOIFEITEF T EEAINTOND Z L 2RRT 5,

BGR(2009) D HIL AR FEFHT JAVTHIEGR OIREE 100-200°C EHEE STV D,
Z DRRZZREE D HIBRITAA T Y —FESLHMB D EHEA T ICHAN TS 5,

%]

Karisimbi 2 [LiFd 75 L Kabatwa #f 0 dbiEBI2 KW-1 OFR A 38,

KW-1 ®# 2—3km ([ZFHAH KW-2 OHEHI,

KW-1, KW-2 THEDRT » ¥ v LR SN2 6. 34 (KW-3) XAt ED
i 2 fERB T 5 72912 Kabatwa A O BUIALE T 5 Mukamira 7> 5 S 1km H15
(A,

Wi & 2272 S8 2 T OICREGHA IR, #iHIR (3 2,000—3,000m,
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47 VOV EEORMBEERT Vv N, VIOVEEAN VT TA NG I F v —E

Rwanda Geothermal Resources Potential, Ministry of Infrastructure, Republic of

Rwanda (1th December, 2011)

MECTCORFHORAEERLS ABLONTNV Y VX EOMBEIRERT v v VX,
700MWe LI | & ROAE 25, Z oFfiiE, Karisimbi J1L=° Gisenyi, Kinigi T3 & 417- ke
BHAAEICE SN TITOATL b D TH Y | FHIBHIXKIZIB N TR LS 3 KD
BHNC K> TSR SN2 0T R 570 O Th D, BT, EE 6km LLEE AL B
Do T 4TI, FHBHILX ORI DO ER 2R~ 7,

# 47 HEWHX, BFERT v L, HEREEY X b

A AU

HhZAH X Karisimbi Gisenyi Kinigi Bugarama | Other area | Total
L 5 0502
i ems) 25 30 25 50 20 150
BR 7% & IR i
4 2 2
(km2) 8 5
AR BT 10 10 10 10
(nos/km2)
ST
EEME(MWe) 4 4 3 3 2
BWART
LT 320 200 120 60 40 740
(MWe)
2017 FE T
A 160 150 310
T TROHERE | PHEOMERE | PHEOMERE B PR R FE i
FEMIMHUE - MFR | GEHMIHLE - ER | BRI - MER | THMMIERA | TiRrOMERA
PRARA. PRAFA PRATFRA
A7 T TH, A 7T T, A7 T TH,
VERMFE | RETA. IR FAEFRA,
FEFEH T HRA, AEPEFEFRAI FEPEH T HRH,
& R R B H FE R 7 B i e T R

6 = OFAME 700MWe IZEEIZLL T OSCERIC iR BT 5, (1) Rwanda Geothermal

(i . A > 77X NT 7 F v —44, 2011)

Resourced Exploration and Development for 2011-2017, Ministry of Infrastructure

(December 2010) ; (ii) Rwanda Geothermal Resources Development Country Update,

Proceedings, Kenya Geothermal Conference 2011, EWSA (November 2011)
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48 ) ZE Karisimbi, Gisenyi 3 X U Kinigi HiZ s 0 #ERBI 2HREE ] =2 —
—F v NHIERBIE - =0 V=7 ) U IHFRAT IESE OFE (2012)

Geoscientific Survey of the Rwandan Karisimbi, Gisenyi and Kinigi Geothermal
Prospect; IESE of Auckland University Ltd (15 October 2012)

ZOMETILTROBIHENMTOLN TN D,

o FRHTRIEE7R 160 Hisid MT B L ONTEM 7 — X [NED -, &5+ 300 HimTo
HlE

e CSAMT (Z7 —#HEEN L ez EHE D 20km @ 9 5 10km OH|E

o BHESMmOAR—Y 7624, BE 1m OR—Y 7 52 fLIC L 58 &

o HIBEROBEHEE O 72D O i EHR

o 12 HiR TORMNEBLR

A

AHEETE, BFRET - 2R L THERREZ L Ea—LENA L > TV D,
LUFICE R 27,

€ziik=9|

*  Karisimbi M XX, Jo o7 U TR OIERSEE & hfa 2 B8a & L, Kl
\ZBB I T WD, KILEIT tephrite-basanite, trachy-andesites 1A & K L& &
Mo h, FADETNAY EV IOGHPTONTEY, M 410X HITE
LB TWS, Karisimbi KILDFEE D> 7L & KL EOA A D SiO2 A
3. B2%LUTF & 725 T 5T,

o HIEITRIEIIKIEAITH D ATREMEIT D e <. H D LT HUTEEEE N OIS
bDEEZBNLD,

o BREL7ERAERNTIT, BUKEEOIMEITR S,

o AAEROMAEORE, KA EAKLMEE TS Karisimbi K ILIEFE—D~ 7~
HTHD (K 4-1), Lo Uit BB OAF(E 2~ 3R LR 0,

e Gisenyi <° Karago iR R A, Karisimbi KIUEZERETDH00, e b
heat-sweep geothermal system8 727> % R 3 B RIFERLIL 2V,

*  Musanza TRBIZIA BBV D AKX, HUTF KD O ZBR{bRFIEHOEY T
HD,

o AHUROKECEIITAIEIIEENT, VU DREFHIEL L 2WATREERH 59,

THAE EOSEDSI02>63% ¢ 7 vy 7RI ) vy 7)) 5 Si02>52%: A Si02>
45% : ~ 7 4 v 7B (M) ; Si0:<45 : B~ T ¢ v 7B (BEEMY), Karisimbi k(L
OEAFTEE~~ v 7 0 7RIS NS,

8 Advective (B 1) geothermal systems & [RE &L &2 HND,

0 X 4-1 OFREMERE (REREEOEE) O LEFERICALEAIE [TV b fafn—Rgafn) &
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X 4-1 EHHEOYV A—=TVh Y%
(Hi 8 . UniServices 5%, 2012)

[HftFFH2E]
ZOBREETIE, BEOHMILFRAEFREZFELHRFL TV D, TOMBITHOEY T

b5,

FHAHIR ORISR KT 4 DD T N—T 1T 5H 2 LN T 5, Gisenyi X° Karago
REDIRIRIE, 4 DD I V=T D 5 50 Group- T IZET 503, T b B3 HIEITRE IC
BT 2BOK VTR 2 Z L IFREETH D, 2 b, BMEEICh IS, (KR
TN IR R TR T KR DO RTREMED B D

WEAFEMICHEDN T, B ARESRF STV D, ZORREER 4-81T7-7, Z
DOFEFTTIX, #17FT 70°CHIR OIRE % 7~7 3 Gisenyi X° Karago DR /KO HI{ LT
ETH 96 C~109COFPHIZ L EE - T D,

WEAFIEMICEED & | TR AHESCEREE RN IR DR ER RPBEI SN TWD, £ Dk
B ERE SRS E TR &N TV D T 2 0B EE RINAR O “H 5 4541 (anomalous
feature) “I%. fi#fT B4 C7ofABorgErnd 5, £z, B~y Ml E x5
D ZBALIRFE ML 234 LTV D2, ZAUIARHIE A &1 4,000km2 (2§ & S8 EHL
HUIZ 340 2 6 O T FFE DHGRIAFAET D~ 7~ DI EZ R T & DO TIEZR W,
LA RS R AR AT 2 &, SRR OFEK - IBIRO A =X M3, Bt Rk
AR THAT D Z ERAEETH Y | Karisimbi K [LDIEFIZIFAENFE & T 5 BT

AT ESND, ZOFIC SN D a0 2/ENT 5~ 7 <IZidZy UV WD BT D204

FHAITHHTE 20,
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B I Z BT ST BUK R & E 25 2 LIXREETH 5, Karisimbi #i[X 0 gk D
Fix, B~ M7 A—AERETH D EHEINS,

#* 4-8 ML A
P P HUEEREE(CC)
(K/Mg) (Qtz) (Ch)
Gisenyi (2008) 101 107 78
, Gisenyi (2006) 102 109 80
Karago 96 127 100
Mbonyebyombi 90 111 81
Iriba 72 109 80
1 Nyakaheni 95 1153 84
Cyabararika 100 117 (89)
1 Mubona 103 120 (91)
Buseruka 103 137 110
Rubindi 96 134 107
Cyamabuye 80 99 70
v Mutera 54 107 (77)
Kagohe 54 93 63
Bukeri 108 108 79
A5y 7 ROHLFRE T(Qtz) and T(Ch)IZERF TE 720,
71y () NOHEFIRE T(CH) 13RFHE TH D,
(Hi#: UniServices #H753, 2010)

(R HE, ZAGREE]

BEAFOT — 2 it LTofE R, FRed & 9 1T

STV D,

Karisimbi #ilik o #iR AR, kA7 2 4 X &< &, A AT=+/-0.1C/3m T
H5,

Gisenyl iR SR HUK CTITHUR R E 2 FEO G200, RN - LA TIXZ 0 L 9 7 HuR
HEITRD bR, ZD7=® Gisenyl #idiiE, Karisimbi K [LHD FEIZAEE 4T
WD & D RHIBR ORISR TIER <. Bt TKROBHATH D TR & 5,

[EEsE— MT 4. TEM i)
BEGFD MT JH&ET — 2Pt o L B o — & | KA TH 72 ICHES L72 160 S OE D E W

7

BN THNT L7 AE R IE, RoEy Th b,

BEfFOFHE (2008 4, 2009 ) THFIR S 7= Karisimbi K 11 Fd E—FF 76 55 O B
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2km & 5km OKILIRPUE IS 3R S e o 7,

o . BAFOMRA TR SN0 o B MK T Y. Kinigl #1IKH £ =k
IO DGR 3-5kn THER S Lz,

o RRKOMWES, BELMBVRENSHE CHE SN WEENS | MT B8 T S
N DR D EVK AR CB AR TH 5 AlREMEITIR W, 7272 L, s WAEEH
THIR L 7o IR T 2 FIREMEIT S E CE 2\, £, BREICIh> CTRSILTZ 2 7 7
74 PRHIEPUEE T TV D AREEL H D,

o AKFIED MT A T b AL FiE R HI T & His © Kabatwa {537 O H BT i O 4]
R,

4-2 MT AL EPImE (K1, K2 : Kabatwa {137 % 8@ % W)
(8 : UniServices 53, 2012)
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e UniServices #5#E (2012) 1. AT OREE & L C T IO 7 Vg Wi [X] 2
RLTWS, HEUK (Gisenyi, Karago OIRR) (FHER MBI N-HDOTHY | B
723 v v 7'a w7 CHEWTEE ORI S TuhRu,

4-3  Karisimbi HuZHu[X o> HE A &R (X
(H#f : UniServices #55#, 2012)

49 [F—2BLUOBMBEERITY —7 ¥ a v 7HEE] ; EWSA Ef# (2013)
[DRAFT] Data and Final Report Validation Workshop; organized by EWSA (09-10,
January, 2013)

ZORRE T TON TEAHFA BGR (2009). KenGen (2010) } OF UniServices
(2012) DFER AR EIITHFT 2 B TY —2 v a vy 79T % (20134 1 H 9-10
H), 2% 1%, UniServices(==——7 > K), Geothermal Development Company (/7
=7). Reykjavik Geothermal (71 27 > K), KenGen(’7 =7) BLONEWSA TH 5,
T IR (MT 3#E) O iiEE ZOMRICYTonTnWD, V—2rva v/
DERBRITITROLIICTELDBNATND,

e KenGen & UniServices A Ef L 7B EORIEDO L B 2 —,

* KenGen & TESE(UniServices)»3 % L 7= MT $EA 7 — X iR O Ik,

* KenGen & IESE(UniServices)iZ & DIk L7z 1 D ET /A DVER: Z DR E LT,
WEEICTITR (K 4-4) WERSNTWD, T —FFHFb L7 O AT I,
EWSA 78 K1 Wi lc W M B IZT - 72 1 D—Occam T OFE R L FEEL L T\ A (XY
4-5),
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4-4 T —ZFFn{b#% O UniServices fEdTHim K1 3 X VK2 Wi (X 4-2 /)
(Hi#h : EWSA, 2013)

4-5 EWAS |2 X % 1D-Occam fi#tT (K1 W)
(Hi#h : EWSA, 2013)

38
AAR L MRA S



VIRV dEs| Z7 A LAR— b
HIEABRFE I HUN A - fERR IR A

o HERETNAMEX : ZOET T LIVUT, RERFEIEMEE, AE S DB A IR
79 % Karisimbi K[LDEETH 5, HBEFAFEHBIIRD L 5 2 ETF7 VL TREINT
WD R GRS R OBUKEE IS X DRI Gl v
7). FEOBUKEEIC X D E O IRET (BT E) B X OVEE ORI
P (BR) ; Z ORI Karisimbi K L2 A2y THE < 72 0 Fiilc 2 ik A Z A
TWn5,

o  =—7 MO : Virunga ‘KILH OHVE , HE MG L OUKBE R UT 2 =—72
ThY ., Lioh o Tl & ik S v,

o HIEHO O - AT Karisimbi KLU icield, NW 8L NE 5
OWER%E X —7 v b T D,

e EWSA 2V#E L-sEArE (KW01) Of:S - £9 KWO01 ZEHI L, ZofERIzk
T KW02 H#152> KWO03 HiS8» &2 RET 5,

T DOMUNTIR DFEFR A2 STV D,

*  Karisimbi K [HHIHIZIZ~ 7~ RO L2 R RELA & 5, Z AUt IEGR O 17
HxEHRRBTDHHLOTH D, 7272 L, Karisimbi K L5 5 Kivu i~ & 7 3000m
T2 H R KRB AR I TTEWT B RICES ICHAE L TLE Y LEX BN D,

o EEHOKEESHORK E LTHEMINLTWDE 777 7 A4 MZOWTIEL JRKD—>
ELTORRMEICRER ; 777 74 SOFETSEESEHEE OBKRLEZOND,

ghea LU C . RIEFEOMRNI ST, MT A0 K1 {AEE RS KMT25 & KMT42 [#23
RIETH Y, JHEIEEIL 3000m TH D (X 4-5) EShTWb,
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FOE  SUHEH| THBEEREL B2 —

5.1 HfrfiARE (AFLEHR) (201144 H)

AFLEFDO—EB & L CHUHAEHIBIGR D H i AR E AN 2011 4 4 AFHT TER SN TV 2,
AT LI HIFERREIL TRRO 2 B TH D,

®  GUEHIBAN AR

o GUHIEHI A B AR

THOHREFIZE SN T LER EMAEEDRE SN TWND, Zi1LE1L, Great Wall
Drilling Company (GWDC), China Petroleum Development and Technology Corporation
(CPDDABESNTEY . HIFFHERFE EH S TWS, EWSA Tid, 2011 27 1 X
7 v FHEFIERT (ISOR) OIEHIFMRZHNT, ZALHEIREEED L 2 —2B IR
S TW5D, EMIE, 2O ISOR OFMZENER LIZ L Ea—#fE (201149 ) 1TA
F LI, BE SAIRAIZES & HEEE DR L ENREEFIAFAT Th o2,

Fo, BiHRBROEmE LN EMZE SN, 7 =T EO Geothermal Development
Company WY 9 5 Z L2 > TWH 0, U BROEMEARE (E3R1T) & Ehiistt
DI T R EEAREFIL. HEFICITEFE IR,

T, &RFF¥a X hONFEEERNT D,

5.1.1 SUHIRHI B EARE

Tender Document for Provision of Drilling Services for 3 Exploration Geothermal Wells
at Karisimbi, EWSA (April 2011)

® JA% : KW-01, KW-02 K18 KW-03
PRI TR - A, 9 3000m

A EEI AR E r—2 7T T MILLTOE Y,

# 5-1 #HIARREr—2 v a s T n

r—r7 | fEEl | B E =y X T
£ Fp H0£ | (m) 7 ok SN g7
2 " Weld-on
H—7 =2 | 26 60 20 94 Th/ft . Blank | HiEZET | HikET
mild steel

Foh— | 1742 | 300 | 135" | 54.51b/ft | K55 R-3 | Blank | 1= C | HiEE C
o P77 o | 1200 | 95 | 4710/t | K55R3 | Blank | Mk ET | HiRET
LB 81/ | 3000 | 7 261b/ft | K55 R-3 | Slotted ?g?m-a

(High . EWSA, 2011)
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No o w

PEEIK : X h A RMEKEIEAK L L, Aerated Technique ZffH T2 2 &b H D,
e L, IaF v ar = ZUFELE B IEE K, ZERIRGK (Aerated
water) »HWNELT 4+ —2 (soap foam) 5 PRHIZKEEIFEENFErT D,

ar VT T 4 o TREOM, BS 3m OF AT ORREIERTLZ L
HD,

R Y - FEARR TR L2y,

Mg d L OGUHRABR - BE eI E2ME R T 5,

A7 1 77 A R 7" e 777 A (Drilling Program) (3 23879510,
MG L% (BOP) : 7 == 77— BOP & 7 A% BOP O%i#E,

AT 4T =B R AT 4 7T sub-contractor N EfET D, B E
ZY REACDEEINY, XXy TR EREET D,

< DAt

5.1.2 JUHIRHI AT BN AR E

Tender Document for Provision of Drilling Materials for 3 Exploratory Geothermal
Wells at Karisimbi, EWSA (April 2011)

HHNZ LB R BIOARR L BRI OV TR RN RSN TV D, EREHITKROED,

© % 2 U » e

=7

=TT 'Y —

2y 7By b

U xbsy RENLT

AR &N (R b A b, BERTL—2 ) WY —F 7 LY)
A MR (N2 A b BRT L= BRI SEAIR L)
EEIRmE el

AR (KVEToREAUD)

PREE (8

10. 27 N w4 T LT 50

10 AL, 2012 4 3 H OBIMIFHAREC, EWSA 124355 Drilling Program OfERK %
KEH S Tz,
1L & A2 MRIIITEE ) IR BMER S D03, ZOHRREICITE ER TV,
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52 ISOR D ALK EL o —#HEE (201149 A)
Review of Geothermal Development Schedule — Plan for Drilling of Three Geothermal
Exploration Wells at Karisimbi, Rwanda, ISOR (8th September, 2011)

CDOLVE2—fEETIETROAIZOVT L E 22— ThitTh 5,

1
2
3.
4

BX DL ZABR FE BRI
GUHERGE LA 7 1 7T A
HRH Y — B 22345
P EIA R ESK

LUF T ARG S HE 70 7T DZHOWTEFREICOWTERT D,

< AH =307 (107) OME:ANSI900 D H D723 1307 ANSI600 D D7 3
PIVT O E T o TS 23, FUHERE A 3000m &< | 1L 300°C L EiZ72 5
HLOERIAEN DO TATANSI 00 23 L\,

THETE—=TF V0 ZOHEES ANSI0078 L <\ E &12266.6 mm  Tlix72< 500
mm ZHESET 5,

SUBE AT YT ORBRNSL Y DT T U2 LW E e TV B8,
AL POTIMHE LT H 7T —%0m< DD

T TRAT 4T TGN=T T GNR=TF TR A T 4T T
372, AV F—A NV T AT 4 T EHEET D,

TaRy a7 1200m OJEFHEZ BT DO FETEA LT 4 7T HT EITTF Y
Ly ThY, REETHDL, T, VO~ In="AT 2 Kb —v T
OEMICHE L TEA L NEFEAT L HIEEZHET S,

4% 7°-261b/ft D/r—3 v 734 7 6km I A 1 v k& ANLD J7E1L, Flame cutting
FATIEFHRL, FL2d T 5 HER L,

ZDOLE 2—ORNERMR &7 EWSA & O&#HEEHC EENE L O LN TEY

FzvZ VA RELTHEHTEEADT, K 511TR7,
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X 5-1 YUHEE LFEERNT =y 7 U X |
(118 EW-SAISOR, 2011)
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H6E BiMFHEHRE

6.1 BB HMBPE
6.1.1 FAEBRBI—T 47

FEMMNS, A BT ar  LR—FERATA RICEXVAEENERE LTEROBHZ
To7= GRETER- 1.

EWSA 725, 274 K (RMEER- 1) (23S E LD o & EHOHEBRR Of%HE & BUROR
T Vil EOEOFANR S - 72, Fiim s LT e i ST,

BETF O TR F b O FHA Tl Virunga Ml 2 B8\ TH B 72 MEVE IR N TFET D18
QRSN TN D,

AT — Z \Flx ORI 203, WHIN E 2R ET D72, AT — % O -
THENBRLIZMNETH D,

VD X BUIE BRI 2 RIS HE LD TV D,

b LA HEHI 2 5 L2 5 a1cid

> AEHAEMHH LT 10MWe OFE % i

> T b A H & A

> APEHAYEHI L 300MWe L o S & BT 5 7o DI REME A FHE

WNRZBIZ S, AT74 K (RAEE- 1) [2ES&, VU U FEOMBGRT o v Lizo
WTHEEOFBAN D - 7=, ERWHASITIROEY TH 5,

H1# T 70 CEFTIREDRREN HVE, MEGTARBFGIEROIEE 2000m Tl 250°C
DOHENE IR BAAET D ATREME S 5 D

77 J MR O K9 725 19RIG 15 D < T, ~ 7~ T OBREEITEEL 72 2Em A &
5, AARDOHFITIE, v~/ ~DLEE 2.5 glem? LT T T EMEIS 1O R B ARKD~
7 WITRER 1km fBRE TH 5D L, 5IRISHOIUNHT TIEAK 4km & 72

%, UniServices #5#E (2012) 2 XX Virunga K IUEHTLEOE WL A E S
BLDBIRo>TWND, eV, BURD~ 7~ ORE TRV ATREMEN S 5,

Karisimbi H35 oD 5 SR 0K (LA R B I3~ 5 & | BB RS 1R B 2 37 S 720
LONRD D,

o712 L, REOHFBKPHBIEZHKE L TWDATEEN S H 5 O T, w8
R TE LML H D, VIHEHINEETH D,

il

R ORLEIT, IRTEE- 112307,
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6.1.2 BLHFERR IR WS
EWSA OZENICE Y | £ 6-1 1T LR 2GR L7c, BIEEFEHITIRMAER- 212770,
ToTT T I=T 4 TERE L TEED, T, ERNFOMELFTRT 5,

# 6-1 HkHEMGHA ARG

FER A M B B

Kinigi Kinigi HuZhHh X i 2 A 2 g

Karisimbi Karisimbi H# 1 D MBS . 3 A - 1 g R
DLAfER

Mufunba X118 T FVHA N HERR

Gisenyi IR RS, AR

Karago jifif¥ ISR AERR ., FME R, TUKGR I atak T FEpbfEss

Rubindi /#/K HCO3 %! Cold 1#E/KHERS

Z DAt FBNRELZ L 8 AL MRS . FAR S 40 Af HILBOK ploa o A
Hulsk e e

(Hdh : FHERIVER)

Z OB LRI &IV IRA NI TR 2 B SRR L7,

Kinigi, Karisimbi O kg id, FER 2 LG EE S Th D, M b3, i
R7p EHEVEE O IR TieRE S e o T,

Mufunaba X [LHEELTH YA 2R LTc, 7272 LEERSWHIRZZ T T,
Fes & U CHIRIE S & BERE R A 2 BIMERS Lo, fEfa & Foa o Ly
BB &% T2, MTHEE CTIERR LHIEPUT E LTSNS ATetED H 5,
Gisenyi iR 7K1 73.6°C, EC=3100micro-S/cm, Karago {@ /R/Ki% 72.5°C.
EC=1100-1200 micro-S/cm T -7z, —JF HCO3%! Cold /K & X415 Rubindi i#
AKiZ, 18.8°C, EC=2100 micro-S/cm Th 5 = & R STz,

Rubindi /K CliL, #KHBUKEZ D/KEIX 1-2 m3/sec (IZHET H T & & HfER L
Too O XD IRREOFKPHBIEZHIE L TV DL AMREMES B 2 b,

(BB & 2 HUE AR EE ]
it T B AR ESR AR O B O RARIT TRLO®@ Y THh 5,

WSR2 VDT, #HIBURT v v WEE < R0 &0 S BIHFH A RTOFIR Th o 7=,
BIHIER A CREOHAKAR E 2B LR R, 2Bk 248 L Tnd LW HED
REFFoT,

Gisenyi X°> Karago Ol R IXMREIZAZE L, RSN DEREEICH H DT, Karisimbi
KIS DOHBFTIRDO A EEMER H Y | 22O A4 U P FVTHBIER TH D AREMEN D 5,
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o R KWOL IXF ¥ Lo DU 7 ENENT A MER D D EExBND, EL, 7Y
=27 =) RIZET B pEhHIHE O TTHEEIE 50% R TH D,

© ZLORWEEFRITD S, FUHREI ORI BRI OERNABE &L B2 5, Bk
WA 2 X 6-1 1R,

X 6-1 Karisimbi /K |L—JA a4 W i X
(M8t S EER)

[t TEESRIER]
AHA RN 227 DA B & SRR 21T - 7o, FERBINAIT. INMTEER- 2 128 0T,
iz DIFMaRET 5 &, MAHIRAIBLIE 2013 4 5 APAIZR L b0 LEINT,
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6.2 5/ _REIHE
6.2.1 AEFAMRI—T 4 7

PFAEMNS, e VX - LAR— FORNE, XU ZKHERR L FHEOHH 21T -
7o (ATEE- 5),

EWSA 7 HIX THEOEBRNIB LS HE DA X~ 7 OITEGFHEIZ DWW THBANRH > 72,
FRIZ, AR R BIHEEAE O 1 BT 5 B4s S 7172 ICEIDA-ISOR O#iEWHE 7' 1m 7
L LKA & DITENA 7 ¥ o2 — WZFFE M1, 72, ICEIDA-ISOR OWHE 7 1 7
7 L &3ANZ, Nordie Fund (2 &k » THFARAI LFEOl LEHE LT, T4 A7 KO
Reykjavik Geothermal #1:7>H i NIRIE S & B0 | FHEMIBHIF G & OEFI OFHEE R
1T,

|

6.2.2 BHFHERSE
EWSA [t 5=, ICEIDA-ISOR ¥ X O Reykjavik Geothermal 172 & & FH¥E 21T DD
FRATH 23 350 U 7o BIMA A TR RLER 2 R 6-2 1R LTz,

* 6-2 HF IRHEHGHETE R R

TAKAHASHIS. Hannes S
Team Leader/ Geologist Drilling Engineer TERAMOTO M. (NK own fund)
27-Jun Thu day RKV->AMT, FI502(0740->1240)
28-Jun Fri day AMT->KGL, KL535(1100->1905) HND->DXB,EK313(0130->0705)
29-Jun Sat day off work DXB->NBO,EK719(1045->1445)
30-Jun Sun day | NRT->DHA QR805(2230->0330) off work NBO->KGL,KQ442(1055->1305)
Ll Mon am. DHA->KGL,QR536(0730->1350) public holiday public holiday
pm Public holiday in Rwanda
am.__9:30 Meeting with JICA Rwanda office
2-ul Tue - -
p.m Preparation for the 1st meeting
2 Wed am. 8:00 Meeting with EWSA at GDU of EWSA, Joint Training Program with ISOR to ENSA
p.m Continuation of Joint Training Program with ISOR to EWVSA
4l Th ;Tn Public holiday in Rvenda
5-ul Fri ?)Tn Site Inspection (Pumping sites and Karisimbi Drilling Site) for confirmation of preparation works for drilling
am
6-Jul Sat o off work off work off work
am
T-ul Sun o off work off work off work
el Mon am.__|Bxplanation of Geological Survey while Drilling with BExplanation of Drilling d Drilling Technology Explanation of Geo-chemical survey
pm__ |Discussions Discussions Discussions
— - ——
9-Jul Tue am. Addlllon.al — ,Of gical Aspect Discussion on Drilling Programwith EWSA and RGon site  |Site survey
p.m__|Preparation for site visit
10-Jul Wed ;"n: Site Visit with Equipment provided by ISOR Joint Discusstion with iSOR and ENSA Discussions on Geo-chemical survey
11-Jul Thu ?)"n: Joint meeting for the finalization of the Drilling Programamong EWSA, RG, GWDC and JICATeamon site
12-Jul Fri ;rl:: Site survey (Karago Spring) Pre;?r:anon of Site Reports and Materias for wrap-up Site survey (Karago Spring)
13 Sat am.___|Site visit of Springs: Bi.{seka. (}/abavarlkﬂ, Rubindiand o Site visit of Springs: Buseka_\, Q/aba_ranka, Rubindi
p.m__|Cyamabuye; and Bondivolcanic cone land Cyamabuye; and Bondi volcanic cone
14-Jul Sun :rl:: Site visit of Gysenispring Home work Site visit of Gysenispring
530l Mon am.__|Site visits: Karago and Sashwara pump station; Drilling [Preparation of Site Reports and Materials for wrap-up Site visits: Karago and Sashwara pump station;
p.m___|site; Moving to Kigali meeting Drilling site; Moving to Kigali
am. Collecting of additional inforamtion and discsuution with ENSA
16-Jul Tue - -
pm Prparation for wrap-up meeting
am. Prparation for wrap-up meeting
17-3ul Wed afternoon 14:00 Wrap-up meeting
evenin, KGL->AST, KL535(2020->0645)
18-Jul Thu e:)r:‘ Report preparation AMT->RKV,FI503(1400->1510) Report preparation
19l Fii ;x Report i KGL->NBOKQ471(0900->1130)
20-ul Sat KGL->DHA, QR539(0950->1805) NNBO->ICN,KE60(1030->0450)
21-Jul Sun DHA->NRT,QR804(0150->1750) ICN->NRT,KE701(0910->1130)

(it FAEE 1ER)
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F7o, F 62IRLEEHO Y B, EREEMIZBITAIEFENEE, £ 6-3 [ZEHL OR
L7,
# 6-3 BB IRBIHGAAIEEIN A ER
EoFREH B M
a. | Karisimbi FRA R H s O M TR MR, BEHIGHEI A, A b v
7 ¥ — NRUER. SUHEE 7 v 7 7 Ak
b. | Karago %% fakhasg (BUKEAH, EKASA T T4 0 KT ngR)
DIEFIRDL DR
c. Rubindi 8K E: TBAKHL S DK BRIV AR A, 5 AR I A
d. | Bondi XM #EE KINH$ERETOME, BUKEERE

(M - SRR

HERETIET v TT7 v T I=T 4 U TERE LTE LD (RMTER-9) 130, AREE
D TFROFE « HTHIR L7z,

71V 2y ERRAEFREIERS COIEENT, 8.2 KN 8.3 TRk L7z, 7o, #HHIT =
7T AOFEFNZONWTIE, 8.6.1 Tl L71E2, IRMER- 912 —F 4 7 THW
ZATA RETA Lz, £, HEMO = A2 MoHk-S3&E EWSA 23HR#&L LMl
Ta s T A%, WATER- 8 & LTI Lz,
FKKEFRICRET 27 RAAAL ZDORRIL, 8.5 150k L1,
BAKBEOREREIX, 7ol LA LR—FTRELEZNEET v 7T — 52 L
T, 7.3 12HiE L,

Bondi kLI EREOMOMEBEOBENRL, 70/ LA - LR—NORNEET v
TTF—= R THIETTI2ITHE L,

F 7o AR AT o 72 EWSA-GDU #ikE2 0 O & B RBEFER DO L B 2 —
ICE - TERLE EEESE] oWV TE, B IEICHE L,
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BIE RT UV NVHEIIONDRE L B8

7.1 HEEHE SRR EBER

X 7-1 12, A=AV ¥ NOT 4 VHX VT —% LI —/ 3D 12X > TERR L
EHIER E R, SIS ZAUE, T 7 U b RKHE O B E X IR 7 M A R L
%%m@@ﬁﬁ%#%%f%é@ Zxf LT, T S ARG T d DB 23RV, Z DR
L, RHEROEBISED Y 7 & L TOKITEEIRMET 7 =27 ZADOIGFEINED, Kl
R OFRMAOELDZIUTHRTH N L EHFELTND, £, ZOIERFMED, Gt
K CToH D Virunga KIUFEOHIER VT, EEHO TG MEADBAHAITHL Z L %
AL TS, S5, RHEEHEERISE DL 1T E 5L > TEBY . ZANBUKEH %
FIRL, ~AZ LTOWBHBEEREWE W) BFRIEICHLIERTOMERD D,

(e B SRR 5 5, TEBIE 104 v > a)
7-1 KM O PRI B O HIFE IR
(HHt - FHACPERL)

#Bakod X oz, KIZEDOEE S, Virunga K ILUEHTHMISEIC T, BERE KILEIC

L, BEAETAIYZRE~Y TN EE>TW5, 2O, Virunga KLUFEDO~
7Y OFEELR ritbixlﬁ’]{*b\k?ﬁméﬂéo ZHEHARDE LILOEDITIRE R 72 < |
Mg LILICRIR 72 L) EE b RBUZIIV, 2F D, — I, ~ 7 <0 BEVKILE
HIETEE JE D AERRIC AT TH D,
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L LR, SREOHFHEEROPFEEIZ L - T, Virunga KILEENE LLED &R D 3
OO R EERM LT 5720, 12, Gisenyl T 73.5°C. Karago T 72.5C &\ 9,
—Jit~. Karisimbi ‘K INCER L TV & EbN 2 HEERIROIERLENBERINT-2 L TH D,

7-2  Virunga KILFFORGERE LA 7 v F~ v 7
(it - FRA MR

12 [HWBVE IR OBLE N DI S 72 & L0 SR Mo ENEE TH Y . 25°CRIE. 25°C
L F 42°C R, 42°CLLE 60°C R, 60°CLL | 90°CRim. 90°CLL E & W 723N — R TH
% (&JFGEE], 1992, HAER « SRS RO, #EFHARFT, 394p.)., ZOHFEOZEN
g, ARFRCiImE, KIRR, PR, HEESIRR, SRR &S,
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X 7-3 E-W Wrii\zE X
(M8t S EER)

X 7-4 E-W ¥
(Hi : SRAEMERR)

BT, 2 OIS W R C S RIRIG R E K D R ORWEMT 7 b =27 245 TIX
R ARIET 7 b= 25 TH D &) HTh 5, 5 I A [ (Cinder cone ¥ 7213 scoria
cone) FEDEMAIEIINZHBILZSN (KM 7-2) . BRI~ 7~ (T H T LIS
BEELLHEESNLGZETHD (K 735 & 7-4), b5, X 7-4 OFRMEEHEKIZESNT
I%. Rubindi OZK 7 TR A KR Z 3 32 HF KRS K LA DI BT
HZEILESTERI-TWAZERHEESND,

Virunga KILHUEIX, Z 30 E TORBE AN O — MK 72 Hik O R HR Y . 77 b 4k
BRI HBOR T vy VOB - SO X5 257, /25, Virunga KIUEED AL
EkLE o< o~ 7~ OFEBREIIMAYICENEHEIND, LrLRNE, 2
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DOWEA EREOEARIELSNL, D7 < & bENRIR~ 7~ 23T T R Bl L7z
ZLEYRESTWDS (K 735X 7-4), LT, WIET S b= AT, BPRE LT,
SRR~ 7~ OH PN LT UIEEJRE L CTEHEREH AR LWL ERZN, ZDZ b
225, Virunga KILHUSKIZ IV CTHIZGRA R HI 217 5 2 &%, FERICHIERBL FRuE 20
HY ., I TH D,

7.2 BRFHIRELR

KenGen #4453E (2010) (2 XX, Karisimbi OMEVET > v v U3 r =7 [EA LAY
T B EHI O RT vy VA2 SFE L LT 300MWe & BAES HiLt TV 5,
ANV T HIKIZ AT D A1E, B 7-5 IR THRIC, 2 <IE SiO2 iy’ 63%LL LD EE
FE (7= v 7) Trachyte, Rhyolite (/38 I 41TV 5,

X 7-5 =T7EANAY THEWMX 27 hY— U B EERK
(K . J K Lagat, 2004 13)

13 UN-Univ. Geothermal Training Program Geology, hydrothermal Alteration and Fluid
Inclusion Studies of Olkaria Dome Geothermal Field, Kenya, J K Lagat (2004)
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W2k LT, Karisimbi M X OB AV 7 Vid, Z D%k E 0 SiO2 55y 52%LL ED

TNﬁ)iﬁ5777lt.?5774y7ﬂ%E MEINTWD (i X 4-1),
T 7205 Karisimbi K (LXK OE AT =T [EA NI ) 7T HBHX OE A & Bir>Tnb,

~ I EEN DI OFEIEIZ L > T, v~ I~ ORERRR D Z LR T 5,
F 11 IR RAEE 2R LT, RIS B 20D, —fRAYIZIRD & 5 72 2 L 2RI T
&5,

Karisimbi K [LDEJR E 22> TWDH~ w7 4 Ve~ 7~ HENSKE WD Z AT HEHIEE
HIZHE L TWD, o, MERREVDRIZ~ 7 BOBBIIER/ NS <, 61T
[ 1% DE AT RO G HERDIRWEDICH AR DR w7~ itt$5€9’9$<
MALLT 0,

Karisimbi #iZ X & /0 U 7 HEHIIX & D Feig |2 350 Tid, MU S A 2 e 8l ns
LOBLREMELEZZ b5, KenGen #E#H (2010) TR S bILICHIBURT v
¥ILOED N i&E%%ﬁé%@k%Z%ﬂé

# 7-1 BT XD~ 7~ O— RIS B 72 S

~ <=
RER ~7 4y A <«—> Ty 2 E
HE FRES R < gl N
YREE BT ——» HBHERY
Rtk LrERR /N < S YN
TREN 8 0PN «— s
~ 7 <BOFE | B/ > FEK
Boh s R - P LLEGAE
BT R B - O
EfE% D SEEREIE HEBHEW
H C.32
O GO EP SR D= R P AN S ATAN
2 RN ER S0 X 0 Bk T 5,
(M A ER)
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R AN BES OIS 3, A2 EFEEROAER | Rl SEROFHE 2RI D0, il
T DARNHRAVIA T2 MIE 2 R U C | ReDBE DORENMEW Z & Z2oRT,

WD iR QS ORERMEWN 2 & 2R
‘é—o

M 7-6 ZEUATRS DR
(i - A EERR)

[Bondi k11§ T o> i e 81 2% ]

Bondi X ILA#EREO BT 1%, 1950 AR E TIXKOTHTZ o 7223, Z28RIRK A 6 F 0 K
WHNT=Z L, FEANBEBEICL > TRk SN T 5, BIfEIL, [BIHE E CHHERIZZ2 -
TWb (X 7-7/), BT Zi%, CO2 = H2S 72 KDk LA A D3RR L9~ 2 it
2725 TWHN, B Toe T ) o7tk s L, BRESCEEEOKRARZR EIENH>T2R
Mol D L THD, MV, BUEITKTEE 2R3 IREITERD D20,

ANT T ONEFICIE, ZRENBIH L TRV ZRE T BRaOMIRR Roh s (K 7-7
£)o ¥ FEITEDZ DLW S LVFRIMERIC L > THERESNTZbDEEZBND,

BT 7 1950 FFAUE T, BAEITHHER LU T O T AR

7-7 Bondi kLM #EEH LT T
(it - FIERIVERR)
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7.3 Hifb%: - KEHE R R EER

7.3.1 RRAK - BAKRO—BAKE

FAAEHIR ORI « HAKOEEEFA A (F R 7 ANaY), B Y 7 AKY), By s
(Cazt), v 7 x> v AMg2), HFE(CL), #iifE(S042), REEMHCOs)) 2 KL AT 7T A
WZ7my 528180, 2 OKRDPFFOEHRSOME & E MR E 738 &I T 5
ZEMWTED,

[NV V=7 %172 AL(Trilinear Diagram)]

NI V=T EAT 7T HE, A A BRORA A O&BRYBICHT DD/ —E
FEHWTRRT LD THD, 71y NOMEDRTTIUX, [ UHKRTH D TREMED S
WEHEETE D,

X 7-8 |ZFHA MU TR - oM SAVZIRR - KO FEEEFA T DN V=T X AT
7T LERT,

U TNKIEE AT 7T A BT, IESE, 2012 [ TSN 4D NV —TF T iz &
FolEMcT ey hENRTWD, ZOZEXD, ZA—TNOERR - HKRKOKEDIK
WEBEITWD EEZ BN,

B 791X, NV V=T HAT 7T LR DRORKESEERL TN D, HAKIPT
NORZN 7T 0y N SNAHERICE Y . FAEHIEOER - AKX FO X A T3S
Do

* 1-2 KEZATEREK

TN—7 Hia (BEFR : KIE(C)) KELZAT LR

TN—71 Gisenyi (GI: 69), (BI PR R RIS B 5
Karago (KAR: 64), NaHCO3 # 1 7" (& | HiF/K, #FEH K
Mbonyebyombi (MBO: 37) REES ~ U D L)

7 N—711 Iriba (IR: 22.3) , [B~mix] TRJE K & 7 Hh
Nyakageri (NYA: 20.5) NaHCO3 72\ Lo | FKRDES

MRS & A7

7 —7 111 Cyabararika (CYAB: 18.5), | [B~mix] PEBR M D 1 g #1 R 7K
Mubona (MUB: 19.5), NaHCO3 7Zav > LH R
Buseruka (BU: 17.4), BEXAT
Rubindo (RU18.0)

I N—7 IV Bukeri (BUK18.9), (Al PEERME D g H1 7K
Cyamabuye (CYA: 16.0), CaHCO3 # 1 7 (&
Kagohe (KA18.8), FRER 1 L T W)
Mutera (MU: 17.4)

(KL : UniServices(2012) % ¢ & (232 /FRR)

RS ERE, WTROY 7 b S04 BERIC IS O fEk(D fEilic 7 e v k&R
RNDT, HARTEHEBEIND &5 REVKRITEE L2V AR S D,
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AV AES| Ty AFI) e LIR— |k
HZABHFE G AU - Rl

100%

0%

100%

0%

X 7-8 FHEMILOBER - HBAKO NV V=T XA T T T A
(8 : UniServices(2012) % & & (ZFRHARIMER)

[A]: CaHCOs, MgHCOs; Type [C]: CaSO0s, CaCl: Type
(Carbonate hardness) [C] (Non-carbonate hardness)
Shallow groundwater, mix Hot spring, Mineral spring
River water

[A] [D] [D]: NaSO., NaCl Type

[B]: NaHCOs Type , (Non-carbonate, Alkali)

mix
(Carbonate Alkali) Mg SO, Sea Wat.er, Fossil water,
Deep groundwater, [B] Hot spring
Ca Na+K HCO3 Cl

X 7-9 NV V=THAT 7T ALK DKERE LK)
(it - FRA MR
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(a5 47547275 5 (Stiff Diagram) ]

AT A TEAT T TN (NRYEATITTL) 13, FTERGAT B2 6 AIED ST 7
WZRTHDTH D, M 7-10 D AFNTRT LT, IO TKENY = 20T 52 &0
T&, o RE s () NOEMERSEO RN T 52 LN TE 5,

III
v

I

X 7-10 AR  BKOKES (2T 4 T7FAT 7T L)
(8 : UniServices(2012) % & & (ZFRHARIMER)

X 7-10 (TR L DI AREHIITIBIE T 5 7 —T T L 7 =T IR REROME 27
L. HImPEE O Gisenyl & Iriba OEFA A4 U IREN, FUiid> Nyakageri, Karago,
Mbonyebyombi |ZHEE L TEWT E 3D,

Fio, =TI & WVIEAHRD NV V=T XA T 7T AOSHIZ LD | BF & bAEERE
DHITAKTHD LHB SN, WHFEAT VB IOEOERERL Z 00, ok
WaRi>Z Ebnd,

o IN—TTELNERUCZATOKEERL, ERBENMITND Z BRSNS,

o PHEBICALIE T D Gisenyi & Iriba (%, &AFA A RN P REFOIERITEEXTE,

o IN—T IVITEFR DRI < HURITRE U 72 KK — HiU R /K 23R R Ciss i
LTV ZLared b,

o IN—T7IHTFEERBOM T K TIEIH D OO mREDEFA A NEENTED,
TN—7 IVICHANTHREERAR VD EEZ DD,
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7.3.2 RRK - BAKRDOFENEL

(% FEh ]

BB OfEE « KFEOLERNLAMERD S X, KOERZRED > 2 THARE#ES
HTEMWTE D,

X 7-11 OFNEZ AT 7T A, iRiE koK & o MBI (A ARTEIALE 5 /0
M) OREEKPOZERMKLE 72y FLEZbDOTH D,

— Rz, BEARPORERMAERKIE, KEEIZERELS @EDR) . TRERNEVITEEL
7% (BEDHR) Hmrdh s, RO KIE, KHEEZ KB L CEWRMELZA LT
W5,

T FRER D~ 7'~ Z IR & 3 D K O RN P X ERSE RN AR O K & vl (K 7-11 2o
J D) 7 ay hEND I ERMOLN TS, BAKREOM FKIZ~ Z~<KBEAL
TWADGEIEL, KORNARESRABNOHRICS 7 M5 (KB ofhz2 S /8), i
ORISR - BAKIE, KAKBO EIZHHALTEY A~D> 7 ERE LR, ZDZ &)
5. A OER « BAKIZIE~Y 7~ AKBMEEALERAL T RNWEEZLND,

Magmatic water

;

X 7-11 HBOKOBREFENAL (TAEXEAT 7T L)
(HiHh : Saibi, 2010142 FHA R IN4E)

14 Saibi et al.,2010, “ Temperature and chemical changes in the fluids of the Obama
geothermal field (SW Japan) in response to field utilization”, Geothermics, 39 (3)
pp228-241.Elsevier

58
AAR L MRA S
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A HUIE 2 B 2 BEAE AR A SCRIZ 38 C L A HIIER O IR SR« 157K D 22 18 [RIE A4 B 23 HiLlak
DOFRAK# (LMWL) Of FICKRELIF TN TELTEY, 202 EN) E<HHTE 2R
WEENTWD, Ll ZOEmIZHV BTV 5 LMWL 1% Bahati, 2005 O 0 77 & T
BIHE SN2 T =2 O TH Y | EBROFIE M D KK DI 2 S LT 2 T EER-
Thod, BIRO X212, BAKFHOZERNMEKLIL, BEDFR - mEDR - W LT
N5 L) BHIBHSIHC K2 E2#HRH Y . LMWL IZHHOBFEKT — X2 HND5OREE L
U,

L7223 > T4 EE, Ruhengeri (5 1,830m) 35 KON Karisimbi (5 4,516m) @
DDORKT =Xz, RAKDENAKZZDEEFRFELTND EE 2 HILDH TR
D 2 T RARBRZ1ER L7z (] 7-12 45080 . AU & 0 v o v oKk (LMWL)
XU H X ORKREEL Y HFEMOIRR - KT SN, B, %W@f*ﬁ@@ﬁd
IFEFIAETT 52 ERHTIY | RIAKBRE O TR 72 3550 2 V@A O Fok D [RIAZ IR
T—HERET L ENEEND,

— MW|L{Uganda;Bahati 2005):6D = 8*&s0 + 12.3 /
----- LMWL (Karisimbi area): 6D = 7.9*6180 1 14.7 /
5180 (%) SMOW
e
+ 5 4 3 . / 4
BUqu‘,"' C Ruhenger i
IR LT NYA —_
G AB‘wKA fﬂ, Average of Group IV o _E_E_
o Mo L T8
BU MBU ’M‘R' @ Groupl
. O  Groupll
o ¢ Grouplll
Vi A Grouplv =20
o X Local Meteoric Warter
,.‘" ----- Local Meteoric Water
‘,"') Meteoric Water in Uganda

A

X Karisimbi (5180, 6D}=(-14.22.-97.5)

7-12 BRI OIRIR - KDL ERN AL
(8 : UniServices(2012) % & & (ZFRHAFIMER)

FEARDREE FEREBEWIE ERMAREA NS0 5) ZFHA LT, RER - HKRED
HTKOBEBILZDOWEREEEZHTE T HZ LN TE %, Ruhengeri & Karisimbi 732 D Hf
ROFEKROFEJRENARTH 2 EARET 5 & M & RMARLOBRRIZEN 7-13 IR TE
# (8 180:-0.22%0/100m) TE 45D,

7o & 21X, Gisenyi (GI) ORIEAKIL, BER RN ERLOBEAMIAZZET D15 E 2,100m
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£33, Buseruka (BU) ®i#E/Ki% 2,300m fHEDRKAKNBFE LD THDH, Lo T,
L EFNAR LD & HER S 2 R ORISR « BAKORIEIL, 2,000m~2,300m {FiT D FEK
ThdHENZD,

5000
4000
< 2,300m A=-0.22% / 100m
o
I S s e . @AA
T e R
w ] c *
@  RUHENGERI
Gl
1000
0
_15 10 5180 (%o) = 0

7-13  [RNCAR D R R 2 R L 7o i A O HEE
(it - FRA MR

[FYFULRE]

MU F 7 LT 12.3 FEO R & KO KFEDOHEHEFRNAKTH L5, BAKIZEENRD MY F
U AL, HFIZRE Lcd &%, thoWE & RETITRkE L HICBEIL, PRk
Mo CREZBDSEDTD, TORREHDHZ L THEFREHET DN TE D,
TR IZB T2 HARREDO U F U ARE X, B TEHE I TWRWnED,
Bahati,2005 (23T 5 o # TRIE SR - U F 7 AR EOFER 72 2.5T.U.
RV, ek, BEAKHFO Y FUAREX, AIRORE RN & FERRIZ AR ik ¢
<. EEEMECE AR2EMNRH Y, AR EFEERIROBEKD NV F 7 AREIX 5
~10T.U.TH 5,

HHHFOK QR - FBAK) 23, BAKE L THFIZRE LTZFENR Tyear)ld, UL FORXT
RODHZENTE D,

Teyean = 1/ 2 In[Nol/[N]
=77 L.
A=In 2/ 12.3
[Nol : Hi FIZZERFDOREAKD kU F 07 LR
[N] : HERF DK (RS - HAK) O FYF 7 LRE
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A HIE DIRIR - WAKOWBERZ RO TR LK T-14 17T,

® S5HEREDH LK (Z 1—7 1V ® Kagohe (KA), Bukeri (BUK), Mutera (MU)) .

® 60 FFLLEDHVIK (ZFv—7 1 O Gisenyi(GD. Karago(KAR), 7 /—=7 III ®
Buseruka(BU)) 35 X0

® HoK (Z1—710 Mbonyebyombi (MBO), 7 /L—=7 11 ® Iriba(IR), 7 /L —
7 111 @ Rubibdo(RU), Cyabararika (CYAB). Mubona (MUB)) ;

SN, THEOKIE 30 FREOHBFENRZFFS, HDHVE, VK EFT LUK

DIRELTEDDEEZEZ D ENTE D,

4000
Intermediate (approx.30yrs*)
3000 . Recent Rainwater
Or mixture of old and recent water
Al (Approx. 5yrs¥)
g o U A Aw
§ 2000 o &Ry e A
% €8V @ R BUK
=] ® CYAB, MUB
Gl
1000)
Old rainwater
(60yrs or more*
0
0 0.5 1 1.5 2 2.5

Tritium Concentration (T.U.)

CHEEAEMUT MY F U AREO B RIRREN 2.6T.U. & LCEHE L)
7-14 b UF U LREEZFIN LR E R OHEE
(it - FRA MR

7.33 HYLFEHERDOE LD
FEEGFA T 2 L RNRICOWTHEBEET H 2 & T g OIRR - KD
BUCBE L TRV FEMREHREZIRD ML, S L oREEEET L2 LnTE, £
D RAEFR 7T-3 1R, FEIEGEON-EREFRFTRRT,
HLZAREEE (UniService,2010) (2 XK » THEE SN BUKIRE 2 T RT, 20D
2B, =7 IVIZOWTIE, #i{bFRIBEE L0 g T ARREN R TRl S, 9242
EDF I VHRREICH -T2 L ITB 2 6T, HALFHRESTOBEAII AN ED TH D,
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# 7-3 FEHIBOBRR - HEAROEFICEET 5 HE LR R

Group-I Group-lI Group-IlI Group-IV
. Bukeri (BUK),
Gisenyi (GI), . Cyabararika (CYAB), Cyamabuye (CYA),
. Iriba (IR) , Mubona (MUB),
Location Karago (KAR), Nyakageri (NYA) Buseruka (BU) Kagohe (KA),
Mbonyebyombi (MBO) yakag ) ' Mutera (MU),
Rubindo (RU)
Mushoza
Hot Tepid Cold Cold
Type of Spring Na-HCO; Na-HCO; Mg-HCO;3 Ca-HCO3
Deep groundwater, Shallow groundwater, circulated water
Recharged by meteoric water from 2,000-2,500m a.s.l., no influence by magmatic water
N Less deep flow path, mixed
Trltlum_ Deep, long flow path Deep, long flow path Deep, long flow path with groundwater
(short half-time,
12.3yr) Residence time is more than approx. 30 yror approx. 30 yr or rOX.5 VI
60yr mixture of old and new water|mixture of old and new water approx-oy
Temperature
from 81 - 109 deg.C 72- 95 deg.C 96 - 110 deg.C (54 - 80 deg.C)
Geothermometry
(UniService, 2010)

(it - FRA MR

7.3.4 7 U T2 B LHIIR O HE T KGR ED

71U > BRI ORI 3 L OB K Z AT 2 M N K OB 1L, Hilby T —2 %
FOKBGM NS, ) T-15 IR T L ICHESND, T7hbb, 7—7 I, HIB LI
L, U KLU T L2 R R TR ICIRE L, 70— TE IO i3H
HCEE GV, 70— TR AR LT O HIZHIRISHEH L T2 O3 L,
7N —7" TV OHUTFKIZE DO ERERIZ T U7 R RSO RER GB35 /AT
RHTIKIEEIR TH D EBE X BILD,

B 7-16 (24 IR 36 K ONBK O S & - 7 [ O Wi Cd, 7 REcE 45
Gisenyi LA OIRSR « BAKIX, 77X CTHEHE 1,800mLL EIZZE LT\ 5, TOHTHFHAH
ORI & 5 7 /L—7 111 ® Mubona, Cyabararika, Buseruka @ 3 2>Afi%, (FIZ[A
UAEE L UIINE T 5 2 L DR TH D,

R T-41%, FRR EFARPHE CHERSNAMEOHERREZ RLIZbDOTHD, Al
OISR - A, KILE ETEZ O BB OBERMIE THEEL TW D ORI TH DA,
TN—7TLIEKIE s o, TOMIBEZ S EmENPBHEEHLTWA I EBbnd, 7
—7 T EDOMEHE A B CHER LT 2 A IEZ D B BOREZHD DT HTA
0 Z AT ERE RO SE A TR N TEAE LTV, B AR MED B RS & B L C & -
TKRDPBEAREDIRNIEZ 905 & DEFMSIETHIT 2 A =X LN EZBND,
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Gp.l1l: Recharged at volcanic area,
long traveled

Gp.l&Il: Recharged at volcanic area,
heated and long traveled, outflow

7-15  HUTKIBERIN & RE R

(it - FRA MR

KW01(2,700m)
\:)‘:::‘:v

Mutera
| Karago
Kd%)h:mabu . Mbonyebyombi
Bukeri y y Rubindi
lriba Cyabararika
Mubona  Buserka
Gisenyi
-300m

7-16 SR - WK OE BT
(it - FRA MR
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# 7-4 IR - FAKOHEHE
Grou Name Elevation| Host Rock

Karago 2288 basement rock

Gisenyi 1455 basement rock
Mbonyebyombi 2220 basementrock

2 Iriba 2016 | basementrock
Rubindi 2104 volcanic rock
3 Mubona 1803 volcanic rock
Cyabararika 1816 volcanic rock
Buseruka 1823 volcanic rock

Kagohe 2385 basement rock
Cyamabuye 2361 volcanic rock

Bukeri 2010 basementrock

Mutera 2383 basement rock

(it - FRA MR

PLEDOSEUENSENINDE T N—T O FKIREIOME ST T VIZIRO LB Thb, 7
N—71, I, BEXOIV IiZrgdbrim. 7 v—7 T IEEERE I TRT,

r

Gp.LIL : KLCa sl CHRABICIR S L 7o KB B Uiz

P OB B WIS T 2 TR T KRS,

Gp.III : M FERERICIRE L 7o R /K 28 B2 O B ST Tt

o —H#BICHIT 2> S LS S D RIBRAT A DR A
Gp.IV : fEfEHk o> Ry FT Y 72 18 i F KB,
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Rubindi
Buseruka , Mubona
Cyabararika
EIER
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7.35 KEMEFHEROE LD

55 RBLHEH A REIZFAR L 72 iRIR - KO HUBN TOKEJR & L CTOFIHRILEZ R 7-5
W T, Z—7 1T OIRBIFHBEERICE > TIHAFIERA S TEBY . 22> TH Gisenyi
ZBDEEIRE L COMERE, 7 v—7 1L OREEA A &7 5 W oKD Z 1Eic
X, IREET A ZEERVBAKBENFELTEBY, BHELZ W2 Lo FEUERIZ X DF)
OB LT REROFELRKERE L THH I TS, Rubindi #X(ZiX EWSA (T X
% ‘Mutobo Water Treatment Plant’ 23EE Ziv, KFEEHIN TS, ZL—FIVD
KT TIE 2 Wb OO0, BUEROEFHAKE L TEEREEZH - T 5D,

AHET 07 NP SOFEAKBEICB LIEFTEEICONT, KERE L TCOEREM
LHRLLEDETELZE L (R 7-5),

TN—71, Il %, BT E L DOO/n b EL25 L, Y=V MR 2 5HTFK
TEN R ~D O RTREMEIIM O 7 v — 7 XD X IZ @V, ey =7 Ml S O
B, BILOKERE L TOERRRENS, BEBOBBIT/ N NINWEEZLBND,

I N—"7" T ORESATIA U > ERILE Y FTEFOXKLHFTHY | mERb ¥ —7 > b &
LCWDOHBNEIR L (XA D LHEESND 720, KERN TP =7 63T 5 EBEN
RN EEBZ NS, LLARRD ZOEKEORFRMEEENS, Yuyxzs b
IKE - KESEOF=HX VT HFEMT DI EMEE LY,

T N—7" IV OFFEKBEL, HTKRENRD R D720, Imy =7 b 580378
WwWeEEZLND,

£ 75 R BAKOFARIL L HBFEE T 0P =7 FbRZITHHEDE LD

Group | Name Water Type | Main Usage Interaction from project
1,11 Gisenyi Hot Washing, Bath Medium
Karago Deep water Tourism *Possibly same reservoir as

geothermal resource

«But not very big influence
because of the long distance
fromdrilling area

11 Rubindi Cold Main water Small-Medium
Buseruka High HCO3 resources for «Different catchment area and
Cyabararika Deep water public different reservoir
Mubona *Needassessment

AV Mutera Cold Water resources | Small
Cyamabuye Low HCO3 «Different reservoir and
Kagohe Shallow groundwater system

(it - FRA MR
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#eE T RALFY —F—E R

8.1 GRMF HFERIEIER IR

EWASA 1%, Karisimbi TORIEFHA D%, Kinigi #X|Z TRIRFHA O 566 2 51l LTk
0. TOEEIEE VT —HilH R (BTC) 726G 2 TELR>TWD,

7272 L, FAEBMERFICIL GRMF ICHEET 5 & LT, JHEMIZE O RGEEEIER SR 2
ST, ZORDIFHRAZHIL STV, RIEIFHIGHE CHRTLILERD D,

GRMF O ZIILLF O Y Th 515,

[GRMF (z>w ]

77V EEEERE RV HETREREABLOKW 280& L EU-—7 7 U I A
Y7 TARNT I TF X RS, KT 7V W OMEBHRICE T 5 BT, BB Y X
7 B4 Geothermal Risk Mitigation Facility (GRMF)Z %395 Z & ICAE LT,
GRMF 13 2012 4 4 HIZHRE L7z, BUEB0 H 71— OEEBIENTE %,

[H9]
a0 BIE, W7 7 U A HIROEGEERRFE A et T 5720, R 2 FEEENI X
LTEEGEZRZET2b0THD, AKE, RE, BREHZOWTHOKE b &R
HOHRLET D,
o AEMBEMXIZET D, IR EHERHAILERE OO, MKHE
o HMEBARA DT O TR EHERR-CHIBAIE PR~ DB R Z AR T D720 D, AL
XA 51T 2 R SR e RB I D HRHI & BABR

(& a3 7]

EATAED LRMEIILL FOEY TH 5.

® (VTITARNTITF ¥ —H{E . P I HERECHAGREICLER A 7T
N7 7 F v —EliE D > LIRAI SN EED 20%
MR FIEME - BT SINTZEED 80% (f > 7 T EITFRL)
U« 3R SR 2 & B E D 40% (f v 7 TR EITHR <)
Mfe 7 L T A BUHFIRERS L OB OFE ATEE & CHEED O LR E A O
30%

(GSE3E5)|
¥, GRMF Oxt&EITRD 5 HEE LTW5D,

15 http://www.grmf-eastafrica.org/
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TFFET
r=7

N H
B =T
THH

B&ICE-oTiE, AREEIERTDZ b d 5D,

8.2 YiFHIEHI T v 7T AMERSER

AUFHE O —RBIMFHA (2013 4 3 H) OFIEFTHLE LRIV T, JUHHHEHIZ 1 7
T LONER KB DIREE 2 T 7=, JUHEHI 7 0 7 A0 EIC L > TER SN Z & 1T
2011 4F 4 AT O ALME BEMEFIC PR S EB Y (20119 HO ISOR D L ' =
—HEETOREENER I TV

FHAMIE, 20134E 6 H 5 A TEWSA HCIicR7r /74 (KT 7 b)) 256 L7 (R
(&R 4), SUHRHIZ v 277 2%, PR S RBUFAA . HHIkE TEEHE Y4 0 RG 23
ERCLCWe R 7 M EMSEiBE L, 20183 42 7 A 11 HIZH U U AT A CHE S
NEYHHEE 7 v 77 Acfb 23 ICB V0T, EWSA I X » TRk aniz, kibsh
YA 7 7T L& EWSA 22D AF LI | IRTE R 8 12Uk 5.

83 BEAVRNRZ Y —ZOoNWT— IV AT7T7U—

FWEINTWDE AL MIEE wa7/hﬁf/bfﬁéﬁ VU T T TN
SNTWARY, YU BT I T —%EHT2EBEEICOW T, F—REMHFGHA TIThi
@b@xmf%ﬁ%L?ﬁ%ik%ﬁ%ﬁV$—%%%waﬁﬁﬁgﬂﬂkikim1
FEIZISOR IZ L > TIThh kEFEDO L E 2 —ThiFf ST\ 5,

8.4 FHFHHAIPIZIK T S HEBEICETLT RAAM X

FAHEEI AT 5 BB ZZE L Tid, ICEIDA-ISOR 23T > TWAHEMHEIZ & 41T
W5, B, EHI R OSBRI 50 ICEIDA-ISOR 23\t 5 U 7= FEREAMEE 2 A\ -8 f
BE, arEa—27n 7 Nk BRI OVERR 7L 7 12T S0 E LT
WK ICR A%,

ARMA T, FANCHER LA T A4 8 (RAEE-5) K552, ICEIDA-ISOR DOWHE
NEZMT L OO OEENRNE S| IROERICHOW T R E BV EIFHENAE & L
7o (D XBREHTIC L 28WIEE, (2 ~ 7 <RI L 2HE, QEBEIEYORE L EDE
— BRI ETERIC D ) D R, 5,
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MBI A WU AE - FERR A

8.5 HRMIFAMSHERICBES 57 F/3q 2
AR 4 IR CHUMLA Y L7 A I SRR K SR IS IR L S S
TV ERIRBUC BT 2 IR OERZ2IE G 2 1572, KL Karago i, Homi7E8) 430m, #4
POKEHEAY 18km, B Sashwara 27— 2 7 —Hi 230 T 2 RHETRA, FERIZS 5
I RERIZ AT, MO S 2 S L e, ZORERIILL T O Y.,

Karisimbi

®

Ty AFI) e LR—F

¥ 8-1

EAKIERE « XA T T A ALEX
(H B FHAE R VERL . #H1X : Service de cartographie du Rwanda 1988, Gisenyi and Ruhengeri)

# 8-1 HRHIMKE KM T T

= (m) EZ=E (m) EiEE (m) B (LvF)
JEHEI A b
(Kabatwa) 2718.8 219.3 9200 8
7 — A H—
(Sashwara) 2499.5
Hos
(IélZiJ;g% i 9987 8 211.7 9000 8
(M8 AR~
68
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# 8-2 HHHIMHKEIKR > TR B fG R

FEA R WA 75 R o
AR N AR . - i
(m3/hour) B m) (m3/hour) B(m) &=
T A K —FEH 120 265 BU: 155 268 2)3\;&[55 Et@ﬁﬁ?]ﬁ RiET % etk
(Sashwara) 1 HET) | b5,
ﬂﬂ7kﬂﬁ).\4\\ 120 957 BU: 155 539 2)«?%3&[55 WEAKE BT S AME 5
(Karago i#l) (1 BT | TS Y
I EEEZRELT~—E L « U1 U T L ZADRTHE
PEREFIAR 23 AT C & 720 O Ck/k i 120(m3/houn) (%4~ 5 HFE I3 EH
(HH8 - GRS

ULoffig7TeAry MRS E, FreaffiLiz,

® HUKHUSICIEZFMT SN TV AR FERIE, FHEEKEICHE L TERRA
BTHHAMREERH D, EKERIGRENPERT 2 EELH D, 207
W, ENFHEROERE N LEIZ /2 5 AREMER 5,

& ) T—REA—HEMORTEEIL, FHEEKELIZEREL LV E RS
TWb, FRiiiIEEE2REE LI-bDOTH Y, EBRORE XN %
ARGN %”1i@%k%wﬁ%*ﬁﬁ%é#éﬂ%ﬁﬁ%émf\%m%ﬁ
FHEE K EICE LW ATREME R & 5

0

Bz, BUGBIEORME L LT, TilaHE L,

® PERALE ICITZERIPAHRE SN TV R0, BERITERICEATHND D
IHHIFSI I X 2SR OR BN AR TH D,

® JKJED Karago ilD/KIZ, > TWDH7sH, MHITEEIZIZIE HERE I 5 AlRetE
NoD, ZOFH, PHRFBMLIEL 2D AEENENH D,

o JEEALE ICITEE &2 X 2 D AR — R AEENC /e STV R, BRI K D%
BEZ2EI2X D P a A v MRS TRAND AREER S D, FRCEE R
HIZ T U =B L DA TOEEDPLETH 5D,

2013 £ 7 H 29 HOBLHN D O TIE, ISRFEIC L0 EKRER A 3200 U725 2R,
Karago {78 > 7" 3G > 7°JF 30 bar UKEE#K) 306m), Sashwara 7 — A ¥ —FEHi TR
7'JE 26.9 bar UK 274m) T, BB AREL > TWWDH LD L TH D, BkEIZET S
THWITFF S TVRN,

8.6 YIFHFIEI K OHBRIFTEI~DT R/ ZEH

ARFE T, YUFEHER L OMHIFFEIC W CTER L7277 K3 AFHIEIZOWNT, B v
VERBIFICEATEIRD O T 5, RBANEIZOWTIE, 201347 H 17 HEFE
WEHRAERAECD T v 7T v TEBITTHE LT DOTH Y . BREHIERIZEMTT 5,
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8.6.1 HiHFH
(1) YUHFE O D OB EEE
U 2 Yl A BT IZU T OB R 22 E L+ 5 -

1. Code of Practice for Deep Geothermal Wells:
«  NZS 2403:1991, New Zealand Standard (NZS).

2. API and ANSI Standards and Recommended Procedures-
 API Standards for casings, BOP, valves, and material.
e Line Pipe material grade used for surface casings.
*  Pipe Valves and Flanges ANSI or PN standards.

3. Other-
»  Drilling Data Handbook (“The Green Book”), 8th Edition, Editions Technip,
Paris 2006.

e International Steam Tables: http:/www.international-steam-tables.com/

*  Xsteam: http://xsteam.sourceforge.net/

() Witk DHEIR
(#E]
TR RGN C OO ZEEFFEIZZ OFADO T 2V E—ICE DV HESN D, ZD
TeOHIHEHEIC B W CEATR BN DGO N DR D = Z Ve — 2B E 2 7Rl 2T 5
VEND D,

(&&= 2 v —n4y¥E])
IGA(International Geothermal AssosiatiomiZ L, = Z L E—OHERKIZDOWNTD

EFRIZOWVWTIE, ZRETWLSOPOFERBIRINTND, K 83 ICTDHlERT,

# 8-3 HIEAEIRHH

Resources (a) (b) () (d) (e)
Low enthalpy <90 <125 <100 <150 <190
Intermediate enthalpy 90 - 150 125 - 225 100 - 200

High enthalpy > 150 > 225 > 200 > 150 > 190
(@) Muffler and Cataldi (1978) (d) Nicholson (1993)

(b) Hochstein (1990) (e) Axelsson and Gunnlaugsson (2000)

(¢) Benderitter and Corny (1990) (Unit: °C)

(H#: International Geothermal Association (IGA)!6)

16 International Geothermal Association IGA) 7 =7 %A b+, 201347 A7 7 & A,
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HUENBR S AE HULE - fERB A

AREETEHEENICR 83 @OME > TRLET 5,

[V e HEHX]

J1 U v EHE X O MBRIROEE X 2 E TORENS 130 — 150 °C EHEE SN T
W5, Stk REHFPOHEONDIRELE T — 2 22O THH A, TEHEE 3,000m (2
BT D EHKAETTIE 30 MPa (300 bara) Toh 0 | Z Z TOWAKIRE A 150°C (630 —640kJ/kg)
ThodHe, K- 2V —OEER (RH) &b, 20X RigRITEE, 17
U—FEIZH LT D E S TWD (Bl 21X Organic Rankine Cycle (ORC)72 &),

BEOAD Y v BHFECTHRA ST\ b ANSI CL 900 %, 330°C . 10 bara
(1MPa) (3200-3300kd/kg) DEKUEMA INEGEXHH) ICHISTE MBI CH DL, 2D LD
REOKGERZIH L7-SGa . HFELOFEENTZ 7y v () L. 77 v afl
HEREICH L-m I EORRER/D ZENTE D, 4%, IFEBOBKEROMERIZE
T, BHIR e UGB AEIET 20ER S L.

Supper-critical Phase

Liquid
Phase
Vapor-Liquid
Mixed Phase
Superheated
Vapor Phase
Enthalpy [kJ/kg]
X 8-2 FJ—= 0 E—RRIK
(H 8 : Steam Tables)
(3 HUIHIET

MBS DO HHIFHENZ BNV TIEDRMFEOBRE L LWITIZES, T O DHNICIEIRN
FAEETRRDBBAAET DMIRR T — A B2 5, iU, AT THNI A
PFAERE T ADH TSN HEERET 2OERILBEATH D, ERLOFKMFITEN
T BADENZ ATHEOEREEZZELSIWHFIETOEALF LIRS, ZhzX 8-3
#Z R L THRHT D,
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77 AFI e LiR— L
HiTENBE T AR - R A

TREE 2,000m (235 1) % BEIRIA D E /11 144 barg (14.4 MPa). [FI7EE DK DE 1113 196
barg (19.6 MPa) Toh 5, Z OEUKIEAD BB LY £ TR TR S NZGE, LA To
JEINIHIN O ZELAE D H & 16 barg (1.6 MPag) % 75 L 5 72 128 barg (12.8 MPag) & 72 %,
LMo T =20 703, ZOEDNTISCTEHE THET 2 Z Lick b,

TEMPERATURE (degrees C)

0 100 200 300 400

™\

500

Formation fluid
temperature with
BPD conditions
1000

Prassurae of the.
steam column

in the well above
2000m

DEPTH(m

1500

2000 12.8 MPa 14.4 MPa

339 C
(wellhead) (2000m)

2000m)

e - Cd-d water prassure
in tha formation

2500 I Wallhead T

pressure -
ses Note | Wellhead temperatura -
below li see Note below -——Il-ll
| la— BPD \
| pressure \
| |
3000 . “
0 20 40 60 80

PRESSURE (MPa)

X 8-3 WBISIIA & AKAREAEDIRE-ITE 7B
(Hi#h : NZS 2403:1991)

FOMICHE SN EENCR DAL LTUL, = v TR A F U TRy —
TRA T EYEBEDOMITEBEDE AL FAT ) —THEINTWELN, = I3
WIZZETHDLGENET LN D, 1272 L, @E ITEETRAKCHERAKDTFET D D TEEIZ

72
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LT A EH T AT LIR— |k
HUENBR S AE HULE - fERB A

FEZ DI WT—=ATED D,
Flo. =Y U TAREOBESL, BZIR E 2 I3 m A IS K D519k - JEMiA B R L T
BLLERD D,

@) r— 7 2F—

wEGEARIEEE T LR LIEBETh Y, v U I L CERMIEORE L 2D,
D= 7 ERAT 2581, EIROFEE - JEMIONZEERE b BIEIC AL L LN
b,

HESF OB EIOME L LI LR LIREEAEER S D, Ziud, B X 55
REREE IR WT, il — v PN EE A RO Z LIS K W BIEIEIC 2 2 2065 5,
BEARBEE DR EL 2R3 5 LA AR - LT < b, FREEOH 2 M3
i CHERIZLMVEEE L H D,

DX, =V U T OMIE) A HE/NNRZT DI ENEETHY, 20D
BED ETZEEZ/ NS L, =37 0HEMA28hbRObND, ok, —KRIZ
Ao 2Bz 13 K5 (APT M) T, N8O bERHIND Z b5, r—y v /il
WX K5 (API k%) Ko dmiE (FE) 0Lz L T2 L2350 55
D FEVER D U ER - BRI FICIRVEM A RETRE ZLICHET OLERD D,

HERFHED T —2 2 7Tk, BHEIZHE LTV AREND, LIZLIE X566 7 L — ROME
MSHE N RA S D,

B) =y ITFYA

L — 3 713 84 ICHESXEEICKHSE L b DR RET D, F— v VT A
IR 85 ITRTHTVA VERLZOWRELSEICT D, Z0EFNTF—v Il T 5
MR EIL NZS £721X APL A BT 5 2 &,

#£ 84 KHAATDHr—r TOREICHT AME

Grade Temperature ( 'C)
20 100 200 300

API Yield Strength (Factor):
J/K-55 1.00 0.95 0.85 0.95
N-80 1.00 0.96 0.92 0.88

Tensile Strength (Factor):
JIK-55 1.00 0.97 1.02 1.07

N-80 1.00 0.97 099 0.99
Modulus of Elasticity (10° MPa):
J-55 178 172 168 160
K-55 208 208 200 192
N-80 206 206 200 192
(8 : NZS 2403:1991)
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PP S| 77 AN LR— |
M EAPRFE AR AR - FERBAN AT

# 85 =y ITFWA LU TEELRDIEFRLZOM (£ APL, A : HEMH)

Design factors
Axial Use Hoop Use

Tensile 1.5-1.8 1,5 Internal yield (burst) 1.5-1.8 15
Compressive 1,2 1,2 Collapse 1,2 1,2
Wellhead anchorage 1,5 1,5 Innercollapse (outer burst) 1,2 12

(Hih : NZS 2403:1991 for the range values)

6) r— Y

MEH D — 2 o TR INIEM & 5RO ~OMAR RO D, HEEND r—
VUTERIMIEIBICBLI ORI LIT AV a A FTHY, ZRHIXENTBEE N ER-> T
W5, HAEMORERTIX BTC £ 72132 T 5 2 L N2 0B EL 6 b RRICEMED R
DIRFEEEDZ L NARETH B,

= TEREISIHEME D r— v S R—=T W E SN D, TRTD API /' L— R
=70, FANE UCHBESE A L3 bavy, BAEORA LD hicix, #
FEMERCD Z ENEE LD, EETHLT 256121%, FHEAGEHT 3 GITOAR Y K
BRIZRD D LT 5,

(7) binkE
TRTCOMBIIIIT A Y — VLT PHRE S, U — 7 RIEFERIIAE LRI
ZEADDI-OIfEbND, BE~AY— IV TET I AR T 0 T — R VT M
b, Ziud, V7RSI ERENEILI S — L END DT, A7 — L ERfT
FELICS WHBIZ L D, EHEHCZ 22—V T70H IO 70— 1 i
TRFXNTA VANV TRERBEEND, FATAUVHALTITZHITRTRAE— LT DTF
HICITEE L o TW5h, ZTHHD/NLT X, ~AZ =0T O EERICH D12 500
RAAETH Ly,

VAL —OVT DTN b ARy a AT ME, TaX s v g
= TRBWRE L CTHET 2 2 S ICkHE T A 7o oicEE S D LN EBE OB Z X 8-4
W,
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flERB iR
Logging
valve
Flow test
Operations valve
Valve
Kill
Crossover
Master
Valve
Expansion

spool Class 2500
Well Head

8-4 HLHIEEDF] (CLASS 2500)

T AF I LAR— K

(M - SRR

F7-. Class 900 &N CLASS1500 D~ AX — )L TRy AN g VAT —)LOH %
X 85 TR, FANTA NI AN Y g AT =)Lt LI~ AZ — LT FEO
TIEIZELY AT B b,

CLASS 900 CLASS 1500
SS S

MASTER VALVE 10" GLASS 1500

(1000

o1 WELL FLANGE
127 GLASS 900

o e

=t

PRODUCTION CASING

75
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LT A EH T AT LIR— |k
HUENBR G LR - fERE IR

L7 7 o I T A > B L7 ANSI 7 7 A% 7212 PN 287 %5, AL
TRECITIRRA R Z 572X S 1E My Thla L7 5,

O 7 7 v PIEBTr — v U JICEBET 2 2 L b TE L0, FRNCEES IO TR
BREAT 1) A CTr—y T ECRIERE L TR 2L 23T 5, 257252 L TH
TRAT7 70— 7 ad—IChR AR TERNAIRE L 72 D,

BLOEERE OFMT A IOV TIENZS 2B = &,

. | \_
1| I |
sI ! — 4
| T====% |
7
O |
|
| - WELDED CASING PN s13%"
|
|
=
g
!—!'# @13%° ANCHOR CASING

X 86 A7 7ov
(M8t FAEEER)

862 HiF7u /I A
AT KW-01 O RV U7 7a 7T AEREERDT R34 A &% LTz, 728, &
AL MATU—=IZETBHT RS VU — 3R EE- 3128”7,

(1) KW-01

KW-01 J&EHITH U > Bk U, B3 DHIKIZAE LW 5, AiEFoHmEIEH
IR R 8 IZINEk LT, ) 8T IZHFRm A7, Z Osi# i3 ANSI C1.900 TF %
A ENTWAD,
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T AF I LAR— K

EXPANDING GATE VALVE
10" ANSI CLASS 900

1500

EXPANSION SPOOL

13%" API 3000 - 10" ANSI CL. 900
'WELLHEAD FLANGE

13%" API 3000 ANSI CL. 900

v

EXPANDING GATE VALVE
ol 244" API 3000

13%"CASING HEAD

R BUTTRESS THREADED
“ FEMALE CONNECTION

300 m

1200 m

3000 m

API 3000

SURFACE CASING

[
. 20°,841Ib/R X56, WELDED

\ THICK ANCHOR CASING, TOP 25m

I
\
1
|

CXT\J 13%", 68 Ibfft, K55, BTC

\ ANCHOR CASING

13%", 54,5 Ib/ft, K&5, BTC

PRODUCTION CASING

—~
[ e %% .4TIbM,Ks5,BTC

PERFORATED LINER

/ 7", 26 Ib/f, K55, BTC

8-7 KW-01 ®HF X

(it - FRA MR
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AV AES| Ty AFI) e LIR— |k
HZABHFE G AU - Rl

Q) Koo 22—t

AR L7= & 912, 2 KB UBEOHHIIET o 2L E— kDS L 22 B RN H 5, 1K
TUANE—HIIE, ORZRELTHLERSHA S, K 88 (2, FINIZKR T3 82+
THNDE VT, %R B13%"E LTI-IRm o XL —HFofzZ R Lz, LiIEUIE, 3E
BE m ~KPRTERRZAT D700, BROIB%RD THTT A F— 2 T—TCHEE L
B @O%" TRt g s v a v = T EBEATL I EL DD (T L AaE Yy T
PA )

12” C1. 900 RJT

_

221/9”Casing

ke

185/s”Casing

133/s”Casing

_H_

|
| 12'/,” Open Hole
|

X 8-8 @I3%"r— WK 2L —IF
(M8t S EER)

X 89 #~#— 2 T DOFYPA
(Je AT A v, AT LAy 7 ;o Bl FEMER)
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UL, @%., @R REAEREICHEES T 2EIXKF R T OH T B
DI3%" DIr— VT NLBETH 5,
#8612, By " — T O—HER LI,

# 86 by heT—T YA DA

Wide Narrow
@12%4" Production Hole @8%" Production Hole
12" Master Valve 10" Master Valve
218" Well Flange 012" Well Flange
@18" — 812" Expansion Spool | @12" — ¢10” Expansion Spool
Bit Casing Bit Casing
26" 024%" 21" 018%"
a21" 018%" @17% " B13%"
B17%" DB13%" 124" BI%"
B12%" BI%" a8%" a7

(Hit : FHA M 1ERRL)

8.6.3 IEHIF
PUHARHIER I, FReoOBZRN LIZ LIERET S,

— 1%y (Loss of Circulation: LOC)
—  2&E%JEH (Blind Drilling)

AT, IWHIP RS R AEICERFEEZ L O LERH D, BEORAELZF/NRET DI
I EELHINAKMOET =Y 7% Loo, HICHIHZHIRA T2 L TR < BER
Z%Zoo

u)k%Lﬁ

WK 15 Us (54 m3/Rp)LL EDORKAFEAE L TN D . KRE#IE (Extreme LOC) &
A TS, BRIBIE, HUFHRHI A g D L ZLHs | w_ﬁbt B ETHAET D, IR
WRIEIE. VEsKIEH 2 ke 1 Fﬁ%éhé bbb, BIENIEE B IR WEE ITkRIER) LA
REA FHDLWITEAZR ETHEUICHAT D, RERIEDFEAE LTS, BHE £ T RIEHR
EDOREEND T RERIEHR Y | “Cé% 20m 725 50m (X EHRY AT, IEEDOZE &
DB DIFEDOHEEHRT D, B AT 4 U T IXANRFETH DM, @i Txil
(I 2 B 5 0T, EFMOMLGERTRH SN D, 72 21X, KDL EZERT 2
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T2 I EME e R IR E LT ENEKE 2 W5, HHWVE, BEEE 02084 W% L Tl
EMERORLRM B 2 RN L2 R AR ZH WS Z 2 b d D, ZHORAENTRWVWERIL, &2
YR HDWVITIEHIE THEST D,

BIERIRE A VT ¢ 7%, BRIERISCHINIRESEIC Lo T A > MOWINAIOFEEE %
REL, WERMEREEDOEAL FRAT Y —ZRIEBICED, BLIDOEALT 4 7R
B L2 WAL, BHOY AT 4 7 K DGR IR &I A MR D B,

ZOEIBREAEIT, —HRIUASS TAZ Y REFI<E, BEE AV NMEOHIR %
HUHICEAT 20, HD0IE (FRIEFERRS) KB T AEIC K - THRIEY — v 2 REZE L
T, BRAVNAIA—=X%1TO Hikbd 5,

AT 4 T DBE LT E TS TR AT 2561, B A T 4 U EINCEE
HZIpNE T, MLDOEERLETH D,

WG L3R 2 G ik, %k 5 T2E®EHY ) A SN D2, HETH g Ic )
T 5 LURTOBIETED D OBIBIL IR A DD HFIETHEBIELMERH D,

(2) AEHVEHRY

BUHHHI 2R, oK U CTHREATRIACIHIS B 23 IR IS 6 £ 5 W6 T H A
Ak T HDMEN D LGS, Ty SRk LIRS, REGEKEOES. BRI
FIETHEIBOENPAATH L7720, LIZUITHEIZHH L TCRI YA RN T 2% 2
—3AZ R &E BIF T aBAEICRE S, ZOWBIRE 25 L THLNER B D,
PEH R TIRE R E R OIS K D 0T, Z ORI, JElC#E L7z Green Book %57
WCRETDHONSDIThHDH, TDOH%B R VT AN T AZRET SW CTHRBRE 2 H
E L. & DITREHE CHAIZ 8 L, &l aihiibd 2,

EEGRIEIL, HBURIKZ IR T 2 HBUTHEORANICHEB L L2 E®W T2 240
ZW\WOT, ZOXMO “REGIEI” X, @, EREEERE X E O AT 5,

8.6.4 HiFtEAER

HUHBAIE T L, LR EE ZPHZET 2 & YOO BIIC T ARIFE LT 25803580,
ZOWE, B2 OT V) — NP LIRETARERD S,

AR, BT ANV E—ORETHIVEEE T 2 FTREM S BV, Ko ¥ e —
DFARDOBE AT, =7 — 1 7 MECEABEIC LY, AMEETHEETILERD D,
PN 3 2 HBGTRAR I, HRENC O 72 KB OIHITEAASIRA LTV A 7=, R
MEOWEZRERNWEBZ LN, ZOD, JFRHMBMREZRIT 572912, 1-2 A
IR IR E T 2 ER B Y . I HI, AEMRREOEENEOS 27 — % 2 ST
L1, HUHRBRIZIE 2—6 7 AR Z BT A2 LERH 5,

SUFRBR R O P13, SR AEE RV LIIRAILRWE 912, ERICEMT 2587
—T 47 (DR OREBICL TR LERD D,
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BIE RELES

9.1 EBNHRREEHE~RZ —T7F ~mAIT TOERE

BIENLD U AETIE, 7Y v B HIBMIXICRIT 5 F / STHAEICENL D, HBFEL &

FIZBWEREBENHE Y AZ =77 COERPFIH SN TWD, Zaud, BY el
BMIX CTH7-ICBR T EDENEZEEB LT, VU U AEEEOENHFEHEEZIZL LD
ETHHLDTHDHEEZEZBINLD,

~YAL =TT UREDFERIT Y o L, BEAFTEZTHT 57200 EEB AR TH
o*ﬁ&ﬁil%@%%ﬁzé%ﬁ%%k@é%@&@f Z OFEEIZA OB o
AT, ERRFABHE BB 7 THb0EEXLND, EoT, VI UHHE
@&ﬁ%%ﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁ&%%ﬂ@%%#%ﬂﬁ&%#@@Ew&u:;ofA$
ENFERTHD LEEZX D,

—J7., TRAFXF—ERICE LT, BHEOLY U EAEHO TEREXEEREIL. KK 56%
MK TIK 39% MNEIRD 95 %% D, LA Z UHEMN 5%55. KEIEFHEED 0.3% D
WNIRTH D DIZH LT, /LT A ETIE 2017 F£F T2, KT 25.6%, HiE 25.8%., *#
Vﬁx%ﬂ%&@f—%ﬂ%%kb\Eﬁkﬁ@i%%ﬁ@khf%é(%3%5%%
INHZRAFX—GFREZFT D572 OIZITHET S & LV | KUKRESAZ o TALE—
FMEROMFEZIMET 28R (F—%) BDRELRL, BEERRENLIBEE, <A
=TT UHEETIINESND ZEREE LY, vAX—T T TIREINLOEEE K
2, AT RV F— v 7 AOENHEHBEZRETH L&D,

£, HBBIEMMTONIZBEAECKIIRA X U H AR — k2FIH LT3 BN #H -
IR SINDEEIIE, TORBINTZENEBINCHERT HILERD Y | T OREN
DOFRBEHNEEIW > TELREHBENVLEZINDI DO LHETDH, ZNOLEMmETT 5720
2, BEfFORERSOREITL LOELEF R EOBLHEROMRSERK, BB MHRL— FOE
BHENR G B0 U EWSAIZ Ko TESNNWE A X —T T VREICHHATHL LB XD
N5,

9.2 EXREHHREFHEISRDEHE

9.2.1 —fXHEIH

(RZ77 M) EFT3/X—BOK KON (2011455 A) (I XiuE, 2011 4EBIFE O3 Ei%
AR 96.44MW  CEEFHER RIL 86.84 MW) D & Z A% 2017 4% CITBINERIHA &
1000MW Offr %z BIEE LTW5, Z0D 5 LHIEREERFIZ OV TIEL, 2012 FEIZHL N5 E
IZE D 10MW 8 FiE Sdu, BAf% 2013 4F, 14 4F, 16 FEL N 17 FIZEE 1 TBMW DB
FEMFH SN TWD (K77 ) &SN (2011-2017)), LrL. 2014 4FETIZF
E STV DB EREICE L CIX, BIfED & 2 ARERIAO BRI THRuY,
NI ZETIESHRENRRFE O~ A2 —7Z VIRENBE SN TWDH R, BN

81
AT E Rt



VIRV dEs| Z7 A LAR— b
HIEABRFE I HUN A - fERR IR A

BB ORENEEND,

9.2.2 HBEBARFEERT v ¥ v /VEMIC BT 5 HH

NN EICBT OB AR T vy VEHEIE, =T E AN ) T B O R T
YU VI Z BB L TIThR TS, LasL, REMDBEAEE 2 L B o — LR R,
TETEANTY T OBPITT vy e~ T INBRN L TWADIZ LT, U v
VEHIBMIX X~y T 4 I IR I bl o TWAZ ENRH LN TEY, AJRE L
TOMWEARIZLTWD AR ®H D (BB 7 BEH), ARIOFEHF AL RIZ L - T,
RT VX NVORBELPLEIRDbDEEZZ LD, 2k, MEGHERF CRHMiIND
HEIT R TR RE I, SRR T IREIRF O IRHIKIC L o TKER = X L E—72 ERNELE T
WHDT, ZOEERSHRTE L ETCEATINERD D, PFEU LORKHMAZET S
HBabbd, HERHENSLETHD,

I B NV X ERERTILTAOMWe OBIFERT v AR d D & SHLTND R (E 4-7),
ZORHE SRR & FERIC, HERN T RN R D =T EOA NS Y T HIEMIX 2 5
BIZLTROOENTOWDATRE DR H 5,

BESNTWDHENIBREE~ A X —F 7 TlE, VU U FEBEOBREARERT v
F¥NLDOLE2—bMBEILRDLBDEBZ BND,

923wuvyeﬂ%ﬁtwﬁ%77n~%-&%%%Aﬁﬁ%@%?ﬁ

IO K 912, U v B HIEIX ClE 2017 4% T 310 MWe OHIBVRER 7 2 HIZ &
LTCWD28, 20134 7 HIZHE 1 HoORMEARGs N2 L 28A 5 L 2O BEITMmO T
g ch 5,

—fRIZ, HIEBRIE 1T, BIREFESCREE ARG &, NMEERBERNZ WD, I
LagHii LoD, REARFEELRDLLOIBRT Ta—FnLobnsd, HHOE k%éwin
DG, BIROAYFHE N BENOBIFE L e D (K 9-1),
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T T T T I T T T T I T T T I T
. Excessive
s T production, E > Eg
Level of i T
sustainable Eg |" e
production | T T T R TTTre———
] w7 —
|
|
[ -
. o I Eg
[
4
| |rl r
74
L 1 1 1 I._ 1 1 1 1 I 1 I 1 ]
0 20 160 150 200
vears

(Axelsson et al., 2003)
> Kot FIHIOEAREE, EIRIKERCH 8 O TRtk H 5,
< Eo: ¥, HBEIRA 3120 S hvieun,
— Kot ﬁ%ﬁ?ﬁ%%?ﬂﬂﬁ L7223 6 BERERY 2 s
9-1 Frfir[RER BV EDOE X
(H i SCERIC S & TR R

1. E
2. E
3. E

WE, HIEBER IR D X 5 RS CiThN Sy (1) IREGEA., MEEE - 0.5 £ —2 4,
(2) FHAEFHEE] - FEMH : 1-3 4, (3) BREEFHA - 0.5-1 4. W F/SH#HA : 0514, 65 &
ARG - SEAIERGEE - 1-1.5 4, (6) afE - Ak - R0EHS : 3-44F, (7) BEEE, T

oot ISRARAT B A7 B B R £ T 6 4R H 5 UNE TR EORMABETH Y |
FREIDSBER S VT2 IED 0 1S U vy EHBMIKOBA T, AERET (2013 45) 1B
KT v v AR S VI LAUE L TR 5 AEOMEA LB Th 5, #Y v EHBMEKI
RET, AU FETHEBMREE A% & IRET 2500013, LR E 5558 L
B AT 5 = & BT CH B,

9.3 HIZBERI Y F—2  (GDU: Geothermal Development Unit)

9.3.1 HERRELIL
N A EOMBEIREI L. EWSA ([ZRIF o - B EFHEA¥ 2=~ b (GDU:

Geothermal Development Unit) 723422 LT\ 5, X 2 KK T,
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‘ Head ’
Expert, Reservoir
Engineering (1)
-
Reservoir Engineerin
( Geology (3) (3)9 g
Drilling (3) Environment (1)
Geophysics (3) Infrastructure (2)
(
Geochemistry (2) Power Plant (2)

1. All staff, except Head, are contract basis.
2. All are re-newed after the contact period.

9-2 HENVEIEPIRE = > HHRKX
(Hi - BERC S-S & F A R

MR & =T AT ANHMZEZ2E O TR 21 AOHIKE 2> T D, ZOIENn, VT
O MBI REE 2 DRI E L C& 7o =7 NEMZEAEERE L TV 223, 2013 4 6
HICHER L T 5, MRRELDAMT, TR CTOREITMIRMA & ZHIX—2OREMFEL 2o
TW5, MR I, BRSNS T TEEHERZ ICRRT 2001 E 725 T
W2,

9.3.2 HMAMIRILIC T 7 BREE

(1) #fk & kA

EWSA (T, 1976 FFICH LS NTEFHARFEERTHY . 2D v iaid, BEIC
%F L CZffi(affordable) THifi 7] fE(sustainable) 72 B4 T, T OmEmE DK L E %
fHa L. EROESRFICEBRT 52 L7 Lahd, £72. E7 Objective & LT, “MEL
JE NP (financial solvency) DEERL” NETF B TW5DH, I BT, EREKE LT, “=
INLX—GRORK LHELHNE L7 a5 T 21 OFH (coordination) ”.
DT BTN DT, BB BT 2 R A L TR T v U X Vil 2 Y & e (& T3
PGS TWRNE IR Z 5,

17 EWSA v =71 b (2013 4 7 ARIE)
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kB D KO, MR LM T N THIRRERNIN—R LW EHEETH D,
JeE TR 705 8 & AUV BV EEARRITIIRT A AN & S D O T HIFEGE OEER
M OMAKIZED 2 WERE L 725> TV 5, HIEBRR IR 2 295 F, AHETEETE 5
OB LT REVRBRZET S, £72, VU UCAETIR, BV v B HIEABE R X DB
FIHE, F=XHMEXTHLRBATEINTWD, £, ME#ET LTV VEEDEBIC
TWT T T <X TEH 60MWe DRT 2 v LR RIAE I TV D FFRANIC 2 & HIEEVE
T T D7D, HIROEBPRRAIRTHDH EEZX D,

U EDOBURNG | HEE T2 EWSA ICERT 572012, A< &b GDU it 7 &
a R, HEEICE > TREEEH OEEKRT L 5 REMAERBIIVLEIC R bDEERDL
N5, Fio. FEPHHE R EOHEM AR AT 5 B EITIE. VU U X EOHEMNER T #HIHE
B LI BEEDLEILR DD EEZ HILD,

(2) B

ICEIDA-ISOR 73 FHABAME: & ik 5- U7 1 E M mCBEE b i 53 2 PIEIC R > T D, 1l
LUF ORI FEEARR A E M SRR LT D, 2720, i B D8R IOV T,
ND o HEOZEFHE - BAE R L GO TR 2 BENDH D,

#* 91 MBI BRI NG A

kb | wEsRE | pags R (bt
GPS |  XMREHHEE | MT iR | 7 U4 VRET | ICPBEAHEE
I TEM ##s - »
etk & B ) e pH =2 | BERORINTRE
: Tt WAL | AAz0~ 1757
A 7t St

TR - EREARAT IO A B D B

(Hidite - FRA MR

Vv EHBGIX 0 PTS fjg-coiHitEix. 7 =7Eo GDC #t (Kenya Geothermal
Development Company 1) 23Ejid 2% = L2782 > TV 503, JUbRECHUFRAR (8
KalBR72 E) 72 E O Z EWSA DR T RENE I L, VU X EOEEFHHE -
FATE e & B L T IC st 2 B 28 TH D,

(3) BEIF3cE (BT 1o/3 A )
BT v S E O MR & HH L & T2 = 7 AT SHE L 72720 BLF Ok
HEAIFT /A F— 8 L 72 5T B,

o HIEIIET 13 -
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> U S HI BB S HE
> VU Z[E AR FE G

¥, HEEIT RANA H—IT7 A AF > KD Reykjavik Geothermal #1725 24 7 HD¥
ETIRE SN TEY ., EYUFER# 13 ICEIDA-ISOR 705 6 77 H O iE TIRIE S 4L
TW5, JUFHEENF ITUHRBRO T RAAAL A YT 52 LT >TnD, 72721,
GDU Ok R IFHIHRBRFE R b Z OB HREZMHT L TIT O TRk 7 RS Z B ETH D
ELTW5,
o HEITHHERHE - AT T ¥ LI T KXo —

Flo, Tuvzl NeREFET SR 2/ by X =V — DAY =7 NE
Y FAA Y= MELEZ DND,

94 NAF VU —FREBIZEHLT

MEERAE LD, Y v B HBUMIXOBUKOIRE T 150°CRE LHEE SN TW1D, 70T
~150°COHBGRIR GRRETITEUK) 1Z, —ISAA T U —HEIZMWNTWD & SN,
BB FEFHE O R E 1L, BUEET P ORBRHEOR R LS B ITOND LIAES LD,
I TCIHBIRE R CHEE SN D FHEA RN D,

NAF U —=FEIE, KED BBROBRNEIRZ A S, ZOEERTY - v &
RSHEDLHDTHDH, TOBERORHIAIZ LV KEL 220DH A 7 ViZHhIND (R 9-2),
IRIZ 150°COBUK &I G AL, BENRILT Vo F A T VHFRE,

* 92 NATFU—FEEOMMH

INA TV —FE XV HEGRIAIEE (C)
VA Rz, THE BT v U EORIEET A 150-100
HV—F A7 Ke T UE=TIRS 100-70

(Hih - FRAMERR)

2005 5 2010 FFITH T ICRE SIS T U —RBRO—E 4% FRIORT, RIHEA
1T 0.2MW & W o 72/ NS D25 50MW O KB S D £ T, BIRORIUZ A DETZ
VAT ANMEE STV D,

NATFV—FREO VAT MIK/IMELX THDHHOD, HEEREIL 20MW LT Enbitd

18
o

1832 9-3 O —FICHEA &N 20MW 2B 256D L H 50, HINCHRTAIVLERS S LB
s
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# 9-3 2005 4-~2010 DA F U —FE

Country Plant Name Unit COD Cagg(s:;?;lg\(/i[W)
Turkey Dora 2 2010 9.5
USA Chena 3 2009 0.3
Germany Bruchsal 1 2009 0.5
USA North Brawley 1-7 2009 7
USA Faulkner 1 2009 50
USA Salt Wells 1-2 2009 12
USA Stillwater 1-4 2009 12
USA OIT 1 2009 0.3
Austria Simbach Braunau 1 2009 0.2
USA Thermo Hot Spring 1-50 2009 0.2
USA Rocky Mountain 1 2009 0.2
El Salvador Berlin 4 2008 9.4
USA Herber South 1 2008 10
Turkey Kizildere Binary 1 2008 6.8
USA Raft River 1 2008 15.8
New Zealand KA24 1 2008 8.3
Germany Landau 1 2008 3
USA Lightening Dock 1 2008 0.2
New Zealand Ngawha2 1 2008 15
USA Galena III 1 2008 27.5
France Soultz-sous-Forets 1 2008 1.5
Germany Unterhaching 1 2008 3.4
Guatemala Amatitlan 1 2007 24
New Zealand Mokai 1A 1 2007 17
USA Galena II 1 2007 15
USA Blundell I 2 2007 11
USA Chena 1-2 2006 0.2
Turkey Dora 1 2006 7.4
USA Gould 1-2 2006 5
Japan Kirishima Geotherma 1 2006 0.2
USA Desert Peak II 1 2006 23
Japan Hachobaru 3 2006 2
New Zealand Mokai 2 2-5 2005 5
USA Richard Burdett 1-2 2005 15
New Zealand Binary 15-16 2005 8

(it : R.Bertani, 201219 Tablel0 £ V)

19 Ruggero Bertani (2012) Geothermal power generation in the world 2005-2010 update

report, Geothermics
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NAFT YV —REOKA—I—TRENRDOEN VAT LORFEEED T D, FREIZ 250C
DBKERZ WA —H =7 T F %A 70T 10.56MW OFREEIT> TWDHER %
s~ (HB : Kapkan, 200720)

Project: Pico- Vermelho, Sao Miguel
Steam Inlet Temperature (°C) : 151
Steam Flow Rate (t/h): 74.86
Brine Inlet Temperature (°C): 161.3
Brine Flow Rate (t/h): 346.74
Plant Net Power (MW): 10.5

ZOVAT ATIE, ¥ 250°COHIBEVE TR A B L — % —CTHBEL . B S - GRS
AR LI OB HAZRIZ L D, — FHEGR (RA) (XBHRO PEGRIZE DT
Do ZOVAT ATHASNTNDR 250 COHIKRD = > Z )L v —3K) 1040k, HRIALE
B340 421.6 tth (117 kgls) TH D, —J7. B U o B THEESN D BRI ZK 150°C (i
) LHET D EZOT U Z N E—TH 632kd L7220 | EFFIOKI 60% TH D, 2D,
[FIFRE (10MWe) JE7EEZ MRS 5 72 0I213K 700t/h (195 kg/s) D MBI % £ pES 5 4
RS DL EMEIND, HRE L TZOAERETOO/NIL, EHIE/KGHE /K E 120 m3/h
DK 6 EREDOETH D,

20 Uri Kaplan (2007): Urganic Rankine Cycle Configurations, Proceedings European
Geothermal Congress 2007
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The Data Collection Survey on Geothermal Development in Rwanda
Inception Report Meeting
On 21st March, 2013
At the board room, EWSA Head Quarters, Kigali, Rwanda

Participants: as attached

1. The chairperson, Ms. Uwera Rutagrama, Head of Geothermal Development Unit,

3.

opened the meeting by inviting the self-introduction of the participants.

The chairperson welcome the team and she made a brief explanation of Geothermal

Development Unit of EWSA including the recent various activities of the geothermal

development in Rwanda, and finally she addressed on how this meeting should

proceed for useful cooperation for smooth implementation of the exploratory well

drilling. She, then, invited the Team for the presentation.

Mr. Takahashi thanked for her introduction and made his presentation with the

slide prepared (Appendix-I). The confirmation and/or discussions during his

presentation were as follows:

(a)
(b)

()

(d)

(e)

(®)

(2)

(h)

Three 3000m wells are to be drilled in Karisimbi.

BGR Report 2009 includes a lot of information; the previous reports include the
data that are not included in the other report; therefore the Team is requested
to go through all the reports.

The study report WGC 2012 (written by Ms. Uwera) should also be referred to,
because it is helpful to understand the project.

Work plan is still changing because the drilling (commencement) date is not
fixed yet. Once other procurement schedule is fixed, the work plan will be ready,
probably within a week.

Timely decisions are required if something happens on site. Real time
communication, such as using skype, should be made for timely decision.
Reporting formats will be discussed with Reykjavik Geothermal and/or drilling
contractor. Such format will be made available to the Team by the time of the
next visit.

The reports will be uploaded to an internet common server so that parties
concerned can access the information with a password to be set.

A question was made on the timing of the reports from the Team, if the drilling



@

G

progress should be delayed. At this moment the contract period of the Team
with JICA will end at the beginning of August, 2013. The team informed that
the team is not in the position to decide the change of the contract period.
Fault locations are important to decide the well position. Gravity data is
available slightly outside of the target area.

The site visit schedule made through the coordination of Ms. Nishigori of JICA

was confirmed among the parties participated.

4. Presentation was given by EWSA regarding geological settings and geothermal

potential (Appendix-1I).

5. Prof. Muraoka made a presentation (Appendix-III).

(a)

(b)

()

(d)

(e)

(®)

(2)

Empirically speaking, thick sinter deposits and boiling water should be
observed in geothermal prospecting areas, as a case of Peru shown in his slide.
If an up-flow should be expected, the spring of 76 C still gives a hope that 250 C
may be obtainable below 2000m deep.

There are many lakes along the west branch of the rift valley. The water may
mask the evidence of the geothermal potential in that area, by a kind of cooling
effect.

Regarding neutral buoyancy depth of magmatic heat sources, empirically in a
contraction tectonic field the heat body is shallower that that in a extensional
tectonic field, because the host rock is compacted to a higher density in the
contraction tectonic field; as is observed in the geothermal field in northeast
Japan (under contraction tectonic field) and south west Japan (under
extensional field). Here in this volcanic zone of Rwanda, the magma is basaltic
of high density in the extensional rift valley tectonic field; which render the
magma chamber could be deeper in this region. EWSA pointed out that there
are evidences of differentiation that may indicate that the magma is not a
primitive basaltic magma; that could resulted in shallower magma body in the
reason.

The Professor pointed out that a reliable logging tool should be used to obtain
reliable field data.

As conclusions, the geothermal potential in Rwanda is not so optimistic, but
possibly due to the mask effect of the lakes along the rift valley, there could be
possibilities that the exploratory wells may encounter geothermal sources.

Discussions made after the presentation are as follows:



(h)

@)

EWAS informed that there are a lot of boiling points in Cong side. In
Uganda, there are hot springs on the surface, but drilling wells did not
encounter geothermal fluid sources. Things are complicated.

There is a hot spring of 76C near Lake Kivu in Gisenyi. The temperature of
0.75 m below the ground is almost 100 C. But, the heat source is not known.
Gisenyi hot spring is far from Karisimbi where the heat source is known.
The top of Karisimbi is 4500m and Gisenyi 1500; the elevation difference is
about 3000m.

Surface water flow one direction whereas the groundwater flows the other
direction in Karisimbi area; hydrogeology is so complicated.

Shallow wells were not drilled because those wells provide information of
shallow depth only; they do not provide information of deep depth as
experienced in Uganda. Mobilization cost for drilling of some shallow wells
will be similar to the cost of a deep well; and the information from the
shallow well may not be helpful.

By logging, EWSA wants to know temperature, pressure and fluid
composition only; fancy thing come later. We should know where we are in
middle of Africa. Drilling and testing equipment so far available in Africa
is in Kenya. This stage is not a time to bring fancy things from other
European countries of Japan. EWSA now want to decide they should go
ahead or not by conducting initial exploration. Complicated things should

come later.

At the end of the meeting the team informed that they should be responsible
for confidentiality of any information obtained through the work they
undertake; and the team would use the data and information only for the

purposes of this project.

The meeting set the time of the meeting of the next day from 9:00 am, at the

geothermal development unit.

G) The chairperson closed the meeting.



List of Participants
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DATA COLLECTION SURVEY | AppeNDIX-I

ON
GEOTHERMAL DEVELOPMENT
IN RWANDA

*** |_ocation ***

INCEPTION REPORT
MARCH, 2013

JAPAN INTERNATIONAL
COOPERATION AGENCY (JICA)

NIPPON KOEI CO., LTD

Japan International Cooperation Agency (JICA)

Nippon Koei Co. Ltd, Tokyo

Japan International Cooperation Agency (JICA) Nippon Koei Co. Ltd, Tokyo

00. Introduction of the Survey Team

01. Contents of Presentation

Name Position/Assignment QOrganization

1| Mr. Shinya TAKAHASHI | Team Leader/Geologist | Nippon Koei Co., Ltd.

Nippon Koei Co., Ltd.

2 | Dr. Hirofumi MURAOKA | Geochemist (Prof. , Hirosaki Univ, Japan)

Nippon Koei Co., Ltd.

3| Mr. Hannes SVERRISSON | Well Drilling Engineer (Mannvit Engineering, Iceland)

Geothermal Reservoir Nippon Koei Co., Ltd

|| RIELAE AR AL Engineer (Self-financed by NK)

Japan International Cooperation Agency Nippon Koei Co. Ltd, Tokyo

.
Location
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02. Background - Our Understanding

e Insufficient electricity power supply, i.e. installed
capacity of 96.44 MW, only 14% of household are
connected to the grid;

e Planned electricity generation of 1000MWe by 2017;

e Estimated 740MWe geothermal potential available
in Rwanda;

» Accelerated development of geothermal resources of
310 MWe in Karisimbi and Kinigi by 2017;

e Data and Final Report Validation Workshop in
January 2013 =>three 3000m exploration wells to
be drilled in Karisimbi prospect

Japan International Cooperation Agency (JICA)

Nippon Koei Co. Ltd, Tokyo

03. Geothermal Potential — Our Understanding

04. Purpose of the Survey

1. Rwanda Geothermal Resources Potential (MININFRA, 1/12/2011)
Karisimbi Gisenyi Kinigi Bugarama | Others Total
Pot?;;;“q"vi’%) 320 200 120 60 40 740
Target
Generation by 160 150 = - - 310
2017

2. Final Report (UniServices, 15 October, 2012)

The area (Karisimbi, Gisenyi and Kinigi) does not show the characteristics of a
high temperature convective geothermal system.

3. Data and Final Report Validation Workshop (9-10 January, 2013)

The Karisimbi Volcanic area shows evidence of a differential magma chamber
which is a very positive indicator that could sustain a convective geothermal
system.

The models generally show 15t high resistivity zone, 2" lower resistivity zone
(alteration), a 3" higher resistivity zone (reservoir) and a deep low resistivity
zone (heat source), in descending order.

Three3000m exploration wells are to be drilled in Karisimbi.

Japan International Cooperation Agency (JICA)

Nippon Koei Co. Ltd, Tokyo

1. To review/update information on national energy and
geothermal resources;

2. Toreview technical issues on exploration well drilling and
well testing, based on the existing documents, and
technical reports to be prepared during the drilling;

3. To review the geothermal development approached in
Rwanda;

4. To prepare/organize basic information with which JICA
could work out strategy of assistance to Rwanda in
geothermal development;

Japan International Cooperation Agency (JICA) Nippon Koei Co. Ltd, Tokyo

05. Overall Work Schedule

1. Original

Year/Month 2013
Items 3| 4 5 6 | 7 8

Works in RWANDA — -

Works in Home 3 I : H
Countries

A A A A

Report Inception Report Progress Report DraftFinal Final
Report Report
|

Note: Works in home countries are intermittent as necessary.

e Work in Rwanda:
o First: from 20t March, 2013 to 7t April, 2013;
o Second: from 24t June, 2013 to 3" July, 2013.

>

Japan International Cooperation Agency (JICA)

Nippon Koei Co. Ltd, Tokyo




05. Revised overall schedule

2. To be discussed

e Our Present Contractual Conditions
o Period: 15t March — 30t August, 2013
o Final Report: by 16t August, 2013

» Please Discuss on the timing of 2"d and 3" visit within the above
conditions, subject to the final approval by JICA-H/O.

Year/Month 2013
Items 3 | 4 | 5 6 | 7 8

1st, 2nd
Works in RWANDA

Works in Home -—==3 ¥
d H
Countries

Note: Works in home countries are intermittent as necessary.

3r

Vi S

Draft Final nal
Report Report

¢ Requests beyond the above conditions need approval from JICA head

06. Information to be required (1/4)

office.

Japan International Cooperation Agency (JICA)

Nippon Koei Co. Ltd, Tokyo

06. Information to be required (2/4)

2. Information on Geothermal Potential

1. Geoscientific Survey of the Rwandan Kalisimbi, Gisenyi and
Kinigi Geothermal Prospects (UniServices, 15-October,
2012)=»already made available

2. Data and Final Report Validation Workshop (9-10, January
2013)=»already made available

=> Please provide others that may be useful for reviewing
exploration well drilling and well testing

Japan International Cooperation Agency (JICA) Nippon Koei Co. Ltd, Tokyo

1. General information:;

1. National development plan

1. Vision2020 (July, 200) = already made available
2. Poverty Reduction Strategy Paper;

1. Economic Development & Poverty Reduction Strategy 2008-2012 =¥ already made available
3. National Electric Development Plan;

1. National Energy Policy and Strategy (May, 2011) =» already made available

2. [DRAFT]Electricity Development Strategy 2011-2017 (June, 2011) =» already made available

4. Geothermal Development plan;

1. Rwanda Geothermal Resources Exploration and Development for 2011-2017 = already made
available

2. Rwanda Geothermal Resources Potential (1/12/2011) =» already made available
5. Project lists for electric development; = yet to be available

=> Please provide others that may be useful for understanding electric

energy development in Rwanda.
Japan International Cooperation Agency (JICA)

Nippon Koei Co. Ltd, Tokyo

06. Information to be required (3/4)

3. Information on Exploratory Well Drilling (Chap. 4.2 of IC/R)
Please provide, but not limited to, the following information

1. The technical specification given to the contractor/s;
2. The work plan/s submitted by the contractor/s;
3. Progress reports to be submitted by the contractor/s;
1. Weekly (technical) report,
2. Monthly (technical) report,

4. Other technical reports already submitted and/or to be
submitted by the contractor/s ;

5. Others as necessary

Discussion:
= Formats, Timing

Japan International Cooperation Agency (JICA)

Nippon Koei Co. Ltd, Tokyo




06. Information to be required (4/4) /. Communication through e-mail

e Discussion is necessary for: e As the Team will not be continuously present in Rwanda,
communication will have to be made through e-mail:

* Please nominate persons in charge (one directly in charge,

o Format:
= To maintain speedy communication, the formats

already proposed by the SV-consultants/ contractors other 2-3)
should be utilized; o Address to:
= We would like to review the formats. ocCC@to
o Timing: ocCC(2to
= Weekly (report) as regular basis; e The Team:
= Monthly (report) as regular basis; o Address to: TAKAHASHI Shinya : a2604@n-koei.co.jp
« Any time as required ’ o CC (1) to :Hannes SVERRISSON  hannes@mannvit.is
' 0 CC(2)to : TERAMOTO Masako - a6643@n-koie.co.jp

Japan International Cooperation Agency (JICA) Nippon Koei Co. Ltd, Tokyo Japan International Cooperation Agency (JICA) Nippon Koei Co. Ltd, Tokyo

08. Report Preparation 09. Proposed Activities of the First Visit in Rwanda (1/3)
1. Schedule
Nos of Date TAKAHASHI S. I Dr. MURAOKA H. H. SVERRISSON dati
Report Contents Submission Schedule days 2013 (Team Leader/Geologist) | (Geo-Chemist) (Well Drilling Advisor) commodation &
Inception . Review results of recent reports on | To be delivered directory to B e ((2::;’:?73200‘;31‘;’) Reyk]a::;fgiﬁ:giﬂ%:::f;;8:°5 FK'I':QT
Report geothermal potential EWSA_\ V\_’hen the Sur_Vey 3 32t | Thu Meeting With JICA, EoJ, EWSA (if required), Reykjavik Geothermal Co., Kigali
(ICIR) - Approach of the Study Team is in Rwanda, in the 4 322 | i Meeting/data collection as necessary Kigall
middle of March 2013. 5| 3/23 Sat Data review, planning of site inspection, etc Kigali
Progress Report | - Technical recommendation of well | To be delivered through e- 6| 324 | sun Data review, Planning of site inspection, etc Kigali
(P/IR) drilling and well tests mail followed by a courier
a a Q 1. Moving to Karisimbi (2.5 rs);
St!‘at_egy/dlr_ectlon Of the We” Service, tOWard the end Of 7| 3/25 Mon |2. Site inspection in Karisimbi; Ruhengeri
drilling/testing to be agreed upon|May 2013. 3. Checking in the Hotel in Ruhengeri.
- Wlth the counterpart . 8| 3/26 Tue |1. Site inspection in Karisimbi, Kinigi (and/or Gisenyi) Ruhengeri
Draft Final - All outputs of the Study To be delivered through e-
Report mail followed by a courier IR
. . . 1. Checking out;
(DF/R) service, in the Middle of July 2. Moving o Kigari (2.5hrs};
2013 9 3/27 | Wed |[Afternoon: Kigali
Final Report - All outputs of the Study To be submitted to JICA o (ST (IED (S R (ST ey
. . . . 2. Reporting to JICA (Brief Reporting)
(FIR) (comments are in cooperated) Head office, at the beginning et KGL-AMS(KL 535, 20:20-06:45)
of August 2013 10| 3/28 | Thu [(no good connection flight) AMS-Reykjavik (FIS03, 14:00-15:10) Kigali
11| 3/29 Fri |KGL-DOH (QR537, 1450-23:05) |KGL-DOH (QR537, 1450-23:05)
12| 3/30 Sat |DOH-NRT(QR804, 01:50-1750) |DOH-NRT(QR804, 01:50-1750)

Japan International Cooperation Agency (JICA) Nippon Koei Co. Ltd, Tokyo Japan International Cooperation Agency (JICA) Nippon Koei Co. Ltd, Tokyo




09. Proposed Activities of the First Visit in Rwanda (2/3)

2. Request

Japan International Cooperation Agency (JICA)

The Team would like to conduct a reconnaissance
site survey is to familiarize ourselves with site
conditions.

The Survey Team would like to request an engineer
who is familiar with the site conditions to
accompany the Survey Team for the site
reconnaissance survey.

The Survey Team will conduct such activities on site

as, but not limited to, the followings:

09. Proposed Activities of the First Visit in Rwanda (3/3)

3. Activities

Nippon Koei Co. Ltd, Tokyo

1. To confirm geographical conditions on site;

2. To observe typical rock types and fractures (volcanic,
granitic/gneissose rocks);

3. To observe typical geothermal manifestations such as:-
1.  Hotsprings, gas
Calcite at Mufambo,
Travertine near Musanze,
Other evidence of hydro-thermal alteration,
Others as recommended by EWSA,
(Temperature, EC, pH may be measured at spring sites. No
other specific detailed field testing will be conducted on site)
4. To observe drilling site conditions (working condition,
environmental conditions)

o a ~ 0D

Japan International Cooperation Agency (JICA) Nippon Koei Co. Ltd, Tokyo




APPENDIX-II Outline

1. Why Focus on geothermal?

2. Geological & Structural settings
OVERVIEW OF STATUS OF THE 3. Surface manifestations
GEOTHERMAL DEVELOPMENT IN
RWANDA 4. Previous studies
5. Current & future plans
6. Challenges
7. Conclusion
Why Focus on Geothermal Geological settings
Low access to electricity (needs to be [rerey Balance ot . e , .
. Virunga massif: explosive volcanism
increased to over 70% by 2017) 0 . . -
e Pyroclastics (volcanic ash, lapilli &
Low electricity generation capacity B - bombs), lahars;
of approx. 100MW W W ey U Recent to active volcanoes ;
Highest electricity costs in the region adventive cones/craters;
Over 300 M We expected from U Active NW-SE extension due to
geothermal resources by 2017 movement of African and Somalia
Commitment of the GoR to diversify . plates that creates faults
the sources of energy & to lower the NS, NW-SE and NE'SV_V normal
risks of geothermal exploration fauI'Fs that control fluid flow
Ready market for base load (springs)

U 2 potential zones: Bugarama
graben & Virunga massif

generation



Geothermal manifestations
Geothermal manifestations

UHot Springs,

Gisenyi
(74°C)
LWarm Springs,
U Cold and mineralized springs,
Mashyuza UNo fumaroles, no mud pools,no hot grounds
(54°C)

Geothermal manifestations

Qz and Na/K geothermometry temperatures for selected springs in

Previous studies

Virunga geothermal prospect, Rwanda (Egbert, 2009)

1982: BRGM identified Gisenyi and Bugarama as potential sites for
Quartz °C Sodium- Potassium | Likely temperature : geothermal resources with temperatures over 100 °C.
Na/K

2006: Chevron indicated that Reservoir T in Bugarama & Gisenyi to be in
) excess of 150 °C & concluded that Gisenyi most promising
prospect

Mbonyebyombi 110 110-130

129 213 130-150 2007- Reconnaissance studies in the range of volcanoes (BGR, MININFRA,
MINIRENA, KenGen, Icelandic Geosurvey (ISOR) & the Spanish
2009:

Karago 126 147 120-140 Institute for Technology and Renewable Energies (ITER)

Gisenyi 107 175 105-130
2009: Additional geoscientific surveys & baseline EIA in the Karisimbi

109 123 110-120 Prospect (KenGen) Recommendations: EIA, Detailed geology,

micro-earthquake data collection & 3 exploratory drilling wells.
Nyakageni 113 262 110-140



Previous Studies

Previous Studies

2007 & 2010:

Geo-scientific data
acquisition in Gisenyi,
Karisimbi & Kinigi
Geothermal prospect

U Outcome: the
most promising
site is the
southern slopes of
Karisimbi volcano

Ongoing Activities and future plans

2010: BGR & KenGen
Concluded that a HT
geothermal system may
exist on the southern
slopes of Karisimbi
volcano &3 potential sites
for drilling of exploration

wells were identified;
2011-2012: Surface exploration
by Uniservices- 3 drilling

sites were proposed

2012: Camps & drill areas sitting
access road and water supply
assessment by EWSA Staff

9-10/1/2013: 3 drilling sites were decided

Challenges

U Continuous data acquisition & evaluation (upgrade of conceptual
model)

U Detailed ESIA & Environment Management Plan (EMP)
U Development of legal & regulatory framework;
U Development of geothermal development policy;

U Preparation of the required infrastructure before exploration drilling
— access roads, water system & drilling pads

U Drill 3 exploration wells in each of the geothermal prospects starting
with Karisimbi in April 2013

U If exploration drilling is successful, production drilling in Karisimbi &
other prospects (4x75 MWe power plants)

U Design & construction of 10 MWe well head generating units in
Karisimbi and Kinigi;
U Surface exploration for the Bugarama prospect.

O Results of studies depend on who & when. This
creates confusion among decision makers

U Harmonized conceptual models

O What are the targets for drilling exploration wells



Seismic studies
Sometimes results depend on who & when ?

Goma Observatory

/7 Ebinger 2012
EWSA2010 IESE 2012
What should we target for drilling?? Conclusions

U Previous & ongoing studies show good indications of viable
geothermal resources in the Virunga area
U Urgent need for a harmonized conceptual model to guide exploration

drilling

Katwe, Uganda U Full commitment by the GoR to develop geothermal resources

U If exploration drilling is successful;
v’ Use exploration wells to generate 10 Mwe
v’ Carry out exploration drilling in other areas

v Invite private sector to drill production wells and develop over

300 MWe from geothermal resources




Thank you



North Japan Research Institute
for Sustainable Energy (NJRISE)
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APPENDIX-III

21 March 2013

Kigali, Rwanda

Hirofumi Muraoka
Nippon Koei Co., Ltd.
Hirosaki University

Establishing a Global Identity Creating with the Community
Hirosaki University

North Japan Research Institute
for Sustainable Energy (NJRISE)
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Potential geothermal fields have boiling hot springs

Borateras
geothermal
field, Peru
at4700 m
altitude, 30
November
2008.

North Japan Research Institute
for Sustainable Energy (NJRISE)
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Potential geothermal fields have
boiling hot springs

Establishing a Global Identity Creating with the Community
Hirosaki University
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Establishing a Global Identity Creating with the Community.
Hirosaki University

North Japan Research Institute
for Sustainable Energy (NJRISE)

EXRB L. RECRIAET 5

METRF

LB AH T RN XF—AER

Potential geothermal fields have boiling hot springs

There are so
many boiling hot
springs in Peru,
and the
geothermal
power potential
is estimated to
be 3000 MW.

Establishing a Global Identity Creating with the Community
Hirosaki University

ERIBEL, BBk HNET 5
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for Susaabl Energy (NIRISE) AL B R ¥ T XX —FEA
Potential geothermal fields have boiling hot springs

If you have a boiling
hot spring at the
surface, a profile
close to the boiling
temperature curve
can be highly
expected.

However, even if a
given temperature is
70 °C, 250 °C can be
expected at a 2000
m depth on the up-

fo Sustainable Energy (NIRISE) AL B A RV X —FH R
Potential geothermal fields have boiling hot springs

® The west branch of
the Great Rift Valley
is widely filled with
lake water.

® One possibility is
that the discharge of
high-temperature
water on the up-flow
zones may be
masked by the lake

flow zone.

Establishing a Global Identity Creating with the Community ERIRER L. R RIPRT 5
Hirosaki University 5 AWk
North Japan Research Institute . =
for Sustainable Energy (NJRISE) ;'t E] 4’\%?1 ?‘ )z % *m%"ﬁ

Neutral buoyancy depth of magmatic
heat sources

water and
groundwater.
Hochstein (2005)

Establishing a Global Identity Creating with the Community. ERIRR L. RR AT 5
Hirosaki University 6 ISP
North Japan Research Institute S, - =
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Extension vs contraction tectonic zones

Table 1. Depth of the magmatic intrusions acquired in the geothermal fields.

Representative
field

Depth of top

Regional field of pluton

Tectonic settings Major fault type Magma pluton

Iceland Nesjavellir Extensmn (eg\onlcs Normal fault |Lack (dike complex)
Speading ridge

Salton Trough Cerro Prieto Extensmn (egtonlcs Normal fault |Lack (dike complex)
Speading ridge

Tuscany Monteverdi Extensmn‘ tectonics Normal fault Low velocity body 7 km?
Subduction zone

Taupo Ohaaki Extensmn‘ tectonics Normal fault Magnetized body 4km?
Subduction zone

Kyushu Hachobaru Extensmn‘ tectonics Normal fault Heat body 4km?
Subduction zone

Contraction tectonics

The Geysers | The Geysers Slab windows

Strike-slip fault | The Geysers felsite | 1.20 km

Philippines Tongonan Comracuop tectonics Reverse fault Mahiao diorite 1.60 km
Subduction zone

Kamchatka Mutnovsky Cosnlzfgsg?o‘:i?::s Reverse fault Mutnovsky diorite 1.00 km

Nyuto 5 Nyuto diorite 1.34 km
Contraction tectonics
Northeast Japan Reverse fault

Subduction zone

Kakkonda Kakkonda granite 1.95 km
As shown in this table, empirically geothermal wells often penetrated magmatic
intrusions in contraction tectonic fields rather than in the extension tectonic
fields. Magmatic intrusions seem shallower in the contraction tectonic fields.

Establishing a Global Identity Creating with the Community ERCREL, B RIHET B

Hirosaki University 7 IETRE

a Global Identity Ci g the Community BERIBEL, BB RINETE
Hirosaki University 8 PAMT R
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Extension vs contraction tectonic zones
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The relation is explained by fact that the lateral stress at the same depth is 3 or
5 times larger in the contraction tectonic fields than in the extension tectonic
fields as known in the Byerlee’s law. Actually the density of rocks reflect this
relation. If you have a magma chamber with the density of 2.5 g/cms3, the
magma chamber will be settled at a depth of 1 km in NE Japan and will be
settled at a depth of 4 km in Kyushu in terms of the neutral buoyancy depth.
This explains the empirical difference in the extension and contraction tectonic
zones (Muraoka and Yano, 1998).

North Japan Research Institute - -
for Sustainable Energy (NJRISE) ;": E] $‘%ﬁ.l‘ #‘ W % —‘Eﬁ%}’ﬁ‘

Extension vs contraction tectonic zones

The temperature of
geothermal wells at
the same depth is
higher in NE Japan
than in Kyushu. This
is because that the
neutral buoyancy
depth of magmatic
intrusions is shallower
in NE Japan than in

Establishing a Global Identity Creating with the Community ERRE L. MR RART S

Hirosaki University 9 AWk
North Japan Research Institute . =
for Sustainable Energy (NJRISE) ;'t E] 4’\%?1 ?‘ )z % *m%"ﬁ-

Virunga volcanoes are basaltic

The Virunga volcanoes are mainly composed of basalt and small amounts of
andesite (UniService, 2012). It implies deeper heat sources in terms of the
neutral buoyancy depth of magma chambers.

Kyushu.
Geothermal wells in Kyushu  Geothermal wells in NE Japan
(Tamanyu, 1994) (Tamanyu, 1994)
Establishing a Global Identity Creating with the Community. ERRE L. R ENET S
Hirosaki University 10 samr kS
North Japan Research Institute S, - =
for Sustainable Energy (NJRISE) ;'t E] 4’\%?l 3~ )% *’ *m%"ﬁ-

Exploration drilling is for logging data
acquisition

Establishing a Global Identity Creating with the Community ERCREL, B RIHET B

Hirosaki University 1 IETRE
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Exploration drilling is for logging data acquisition

® Drilling requires very high costs.

® Therefore, you should take high quality logging
data.

® For the purpose, preparation of logging tools is
important.

Establishing a Global Identity Creating with the Community ERIRER L. R RIPRT 5
Hirosaki University 13 IRTRF
North Japan Research Institute . =
for Sustainable Energy (NJRISE) ;'t E] $%{rl ?‘ W % *m%"ﬁ-

What we need is just challenge

® The discharge temperatures of hot water in Rwanda are not
optimistic.

® Compositions of volcanic rocks and their magma sources in
Rwanda are not optimistic.

® However, we should also think mask effects by the wide lake
water and wide groundwater along the west branch of the Great
Rift Valley.

® We still have plenty of chances to detect high-temperature
geothermal reservoirs in Rwanda.

® The most important effort is to drill an initial geothermal
exploration well in Rwanda.

North Japan Research Institute - -
for Sustainable Energy (NJRISE) ;": E] $‘%ﬁ.l‘ #‘ 7 % "Eﬁ‘%rﬁ‘

Estimated cost for a full-scale JBBP

6000 m long armored cable
with the survival temperature at
316 °C in JMC Engineering in
Japan.

PTS tool with the survival temperature
at 316 °C in JMC Engineering in Japan.

Establishing a Global Identity Creating with the Community ERCREL, B RIHET B

Hirosaki University 15 IETRE
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The Data Collection Survey on Geothermal Development in Rwanda
A Wrap-up Meeting
On 27th March, 2013
At JICA Meeting Room, Kigali, Rwanda

A. Participants:

EWSA

01. Ms.Uwera Rutagarama (Head of Geothermal Unit)

02. Dr. Stephen A. Onacha (Reservoir Enginerr)

03. Mr. Aimable Habinshuti (Drilling Engineer)

04. Mr. Yiheyis Amdebrhan (Reservior Engineer)

05. Mr. Hagahje Gilbert (Geochemist)

06. Mr. AGAROYE Jean Claude (Geologist)

JICA Rwanda Office

07. Mr. KOBAYASHI Hiroyuki (Chief Representative)

08. Ms. NISHIGORI Satoki (Program Manager)

JICA Head Office

09. Mr. KODAMA Akihiko (Officer, Africa Department, Africa Division I, JICA Head
Office)

JICA Study Team

10. Mr. TAKAHASHI Shinya (Team Leader/Geologist, the Study Team)

11. Prof. MURAOKA Hirofumi (Geo-Chemist, the Study Team)

12. Mr. Hannes Svennisson (Drilling Engineer)

B. Presentation and Discussion

The Presentation and Discussions were made in the following order. The materials used

are attached to this document.

a.

A brief report on observation and interpretation: TAKAHASHI Shinya
Short comments after the field trip to the Virunga geothermal field: Prof.
MURAOKA Hirofumi

Observation on Preparation works for drilling site KW01

Mzr. Takahashi explained his observation and interpretation using photos he took on
site. His explanation note is as attached (Appendix-A). He stated that the his
1images were getting clear after visiting site and he could confirm that the hot

springs were emerging from the basement rock while cold springs were from the



volcanic rock near the boundary of the basement rock. He was very much impressed
by the huge amount of cold spring at Rubindi site, amounting more than 1 cum per
sec approximately, except of water captured for drinking. Also he reported that the
basement rock consists of at least two rock types; one is massive granite and the

other micaceous schist. He pointed out those might have quite different resistivity.

2. Prof. Muraoka made his presentation using the material attached hereto. His
presentation material is as attached as Appendix-II, and his conclusions at this

stage are as follows (a quotation from his presentation).

®  Before the field excursion, I felt fairly negative impression on geothermal potentials in the
Virunga geothermal field.

® The main reason is that there are no boiling hot springs.

® However, I realized that masking effects by cold meteoric and ground water are obvious in
Kalisimbi volcano.

®  Hot springs, Gisenyi and Karago, are probably out-flows from Kalisimbi volcano along N-S
trending fractures of basement units, and they are very close to the boiling hot springs
because of the easily diluting environment.

® Then, now I realized that drilling of KWO01 is really worthy and challenging to reach the
thermal regime beneath the cold water curtains.

® However, we should keep in mind that the probability of geothermal drilling in green fields
is only 50 percent.

®  Before drilling, we should draw a geological and geothermal cross section along the KW01
well, even if there still remain many unknown factors.

3. During the presentation of Prof. Muraoka, questions and discussions made were as
follows:

a. A question is whether there has been the systematic migration of volcanic
activities westward, because Sabyinyo is older than Bisoke. The last volcanic
episode around here is 1957. This other one in Congo is active. Dating may be
helpful for a possible explanation of the westward of volcanic migration.

b. Comment on the tectonic movement was made by Dr. Onacha.

c. It was pointed out that the volcano masked the topography of basement where
water is supposed to flow northward whereas the present water flow is
otherwise. The surface water flow direction may not indicate direction of
underground water flow. It is complicated.

d. EWSA is now preparing prognosis combining surface geology, geophysics,
magnetic, gravity, gas data (BGR and KenGen Report).

e. Even so geological cross section is very important for consideration of the

second well location/direction.

4. Mr. Hannes Sverrisson then made his explanation and confirmation on the



preparation works he observed. After this meeting, the team had a meeting with the

drilling contractor, Great Wall Drilling, to obtain more detail information on drilling

preparation works. His comprehensive report is as attached as Appendix-III. It was

understand from various information he obtained that the drilling works would

start from a middle part of May 2013, still depending on progress of preparation

works.

5. JICA Rwanda office stated that:

a.

JICA Rwanda office is always flexible to meet the EWSA requirement, basically
based on the contract with the Team. But, if necessary, JICA Rwanda office is
also flexible in changing the contract with the team as judged to be required.
JICA Rwanda office appreciates EWSA’s input to the Team in updating them
for their short visit this time. But, the next visit of the Team would be more
fruitful and useful in assisting EWSA.

JICA Rwanda office takes this Study practical, not research, to meet EWSA’s
requirement, and therefore EWASA is requested to let us know what is needed.
Necessary information including the overall schedule (a bar chart) has been
already been shared with the Team. The Team is requested to read all the
document given and if the Team should need quantities information, the Team

should find out them.

6. Discussion on the next visit

a.

It was proposed that the next visit should be from the middle of May, probably
from 14th, for a short period about a week. If the drilling should start by that
time, then the period should be extended to two weeks or so.

It was agreed that the next visit of the Team should tentatively be decided from
14th May, 2013 for a week.

EWSA questioned to the Team on what kind of activities the Team undertake
during the next visit if the drilling works should really starts, practically or
otherwise.

JICA Rwanda office stated that even though the ToR states that the team
should give EWSA advice on drilling works and well testing, JICA Rwanda
office and the Team will flexibly response to the needs that might be arisen
during the actual drilling works.

EWSA stated that the Geothermal Development Unit (GDU) is a young unit
and needs practical capacity buildings. EWSA wishes the people participating



in this meeting will become geothermal consultants in future and to assist
other projects not only in Rwanda but other countries.
End of Doc.



APPENDIX-I

Data Collection Survey on Geothermal Development in Rwanda

Brief Report of Site Reconnaissance (25th — 26th March, 2013)
By Mr. TAKAHASHI Shinya
(Team Leader/Geplogist)

1. Observation

(a) Visited at the junction to Kinigi site on the flunk of Mt. Visoke (the sign board to

Kwamukecuru Parking);

® Fresh, porous basaltic lava was observed.

® A volcanic cone was observed.

Porous, basaltic rock pieces everywhere
were observed behind the sign board, at
some 2km to Kinigi site; no clear
geothermal manifestation was observed.

A volcanic cone some 2 km NE of the
junction with porous basaltic rock

pieces on the flunk, no clear
geothermal manifestation was
observed.

(b) Visited at Karisimbi site

® On the way to Karisimbi site, massive granite was observed along the main

road.

In the Karisimbi site, fresh, porous basaltic lave was observed.

A massive granite outcrop was
observed along the main road between
Mukingo and Nkuli, the rock will have
high resistivity.

At the Karisimbi site, porous, fresh
basaltic rock pieces were observed.
Evidences of alteration were hardly
observed.




® From the Karisimbi site, a series of volcanic cones were observed in the
distance. It was confirmed that they are aligned in the direction of
NEN-SWS, which could be a direction of faulting.

Lake Kivu

Volcanic cones

Rift valley

Flow structure was observed on a | A series of cone were aligned in
fresh porous basaltic rock pieces at | NEN-SWS direction with the lake
Karisimbi well site. Kivu and rift valley behind.

(¢) Moving from Karisimbi to Gisenyi
® The Team moved from Karisimbi site to Gisenyi along the road near the
Congo border.
® Observed the volcanic cores and Kivu Lake in the distance. The Team

confirmed the topographic characteristics of rift valley and the cones.

Volcanic cones

Lake Kivu

Volcanic cones
Rift valley

A distance view of volcanic cones, lake

) . A pair of volcanic cones
Kivu and the rift valley

® The Team went up Mufunba cone, where the team confirmed the
geological/topographical setting of basement rock area and the volcanic rock
area.

® Also, the Team observed “calcite” in a volcanic rock peace. Though it is an

indication of the existence of Carbone dioxide plus calcium, the team

2



considers that it may not be a positive evidence of “alteration”.

Calcite

Basement rock zone

@canic rock zone Q

Porous, basaltic lava with calcite on
the flunk of Mufunba cone, near
Rwerere.

A distance view from Mufunba cone to
eastward. A boundary between
volcanic rock zone and basement rock
zone was obvious.

® Observed a basement rock outcrop at a location 4-5 km north to Gisenyi.

The basement rock was weathered micaceous (muscovite) schist with garnet.

The Team came to know that the basement rock consists of at least two

types of rock; granite and schist. Prof. Muraoka will explain the implication

of this observation.

Micaceous schist, a type of basement
rock, near Gisenyi city Schistosity is
obvious.

The resistivity of the micaceous schist
may be smaller than that of massive
granite. Zoning of those rocks may be
useful, if possible, for MT
assessment

(d Hot spring in Gisenyi

® One hot spring on the west side of the peninsular: 73.6 C, 3100 micro-S/cm.

Travertine is formed.

® The other hot spring on the east side of the peninsular: 70.3 C. 2700

micro-S/cm.




® Both hot springs emerge from the basement rock (detail rock type not

known)

Travertine
B
.
'- ‘.

D

I—ibt,‘spring
(A

A hot spring of Gisenyi (73.6 C, 3100
micro-S/cm), at the west side of the
peninsular.

Calcareous-sinters (travertine) were
seen in the lake side.

(e) Kargo hot spring

On the way to the Kargo hot spring, a granite out crop with a Qz vein was

observed, the vein is of N-S direction that is harmony with the structural

direction of the basement rock.

The Kargo spring: 72.5 C, 1100-1200 micro-S/cm, emerges from basement

rock

Massive granitic rock (basement) on
the way to Kargo spring, no obvious
alterations were observed.

Qz vain of N-S direction in massive
granitic rock (basement)

€A spring area at shore of Kargo
lake.
72.5C, 1100 -1200 micro-S/cm




(f) Rubindi Spring (cold)

Water overflowing from the capping structure was of 17.8 C and 200

micro-S/cm. The water is used for drinking after treated at Mutubo water

treatment facility.

A spring with babbling was of 18.8 C and 2100 micro-S/cm.

Huge amounts of water (500-1000 L/sec) are emerging from lava. The area

is located near the boundary of the basement rock and the volcanic rock.

NPT 4

A spring with bubble in front and
water capture structure behind for
water supply (Mutobo Water Supply)

The spring with bubble (18.8C, 2100
micro-S/cm)

Springs are emerging out from many
points in this area.

Huge amount of spring water flows
down, in addition to the captured

water for the water supply

2. Brief interpretation

The Team hardly confirmed any of strong geothermal manifestation.

The team, however, consider some kind of heating mechanism will exist in
the basement rock, because the hot springs emerged from the basement rock
area.

Similar to the hot springs observed in the basement rock area, hot springs



are also considered to be emerging from the basement rock to the bottom of
the volcanic rock below the volcanoes. However, because the huge amounts
of water are recharged from rain to the very pervious volcanic rocks , the hot
springs are diluted by the metric water and emerge from volcanic rock near
the boundary of the basement rock as seen in Rubindi. This is because the
basement rock is much impermeable than the volcanic rock. This may be a
reason why not much geothermal manifestation are not observed in the
volcanic rock areas.

There are two types of basement rocks; one is granite and the other is
micaceous schist. Resistivity of these rock may be different, which may

affect the interpretation of the MT survey.



3. Observation of preparation construction works

First

Second

Three water tanks (4,000 m3 each) were being constructed. Basement re-baring for
the first (the above two picture), gravel placing for the second, excavation for the
others were conducted.

Water supply for the Karisimbi drilling site: Six inches, steel pipes were placed
along the some 2-3 km stretch of the main road, photos at the junction of the access
road.

Intake structure
to be constructed

\4

Water tank to be
constructed

Construction of the pump house at the | An intake structure on the lake and a
intake near Kargo lake. Placement of | water tank will be constructed behind
foundation was under way. the pump house.
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Western Branch of the Great Rift Valley

Data Source: USGS SRTM-3 ) .
Drawn with KASHMIR 3D 20 times V_el'tICa|
exaggeration

The west branch of
the Great Rift
Valley is
asymmetric.

Graben faults are
relatively clear in
the western wall.

Graben faults are
unclear in the
eastern wall.

As a result, a width
of the rift valley
dramatically varies
along the eastern
wall.

Observed facts

® The west branch of the Great Rift Valley is asymmetric,
and the graben faults are exclusively obvious in the
western side.

® The eastern graben faults are sometimes lack, and
therefore, the rift locally widened to the eastern side.

® Relatively high temperature hot springs (>70 °C) such
as Gisenyi and Karago are always discharging from
the fractures of basement units.

® Instead, huge amounts of cold water is discharging
from the foot of the Karisimbi volcano.

Main observation points

Data Source: USGS SRTM-3
Drawn with KASHMIR 3D




Main observation points

Huge volume of the Rubindi cold
spring

North-south trending quartz vein
near the Karago hot spring

Interpretation2

Data Source: USGS SRTM-3
Drawn with KASHMIR 3D

Conceptual geological cross section

Interpretationl

Data Source: USGS SRTM-3 Conceptual geological cross
Drawn with KASHMIR 3D section :Under Construction

Conclusions

Before the field excursion, | felt fairly negative impression on geothermal
potentials in the Virunga geothermal field.

® The main reason is that there are no boiling hot springs.

® However, | realized that masking effects by cold meteoric and ground water

is obvious in Kalisimbi volcano.

Hot springs, Gisenyi and Karago, are probably out-flow from Kalisimbi
volcano along N-S trending fractures of basement units, and they are very
close to the boiling hot springs because of the easily diluting environment.

® Then, now | realized that drilling of KWOL is really worthy and challenging.

® However, we should keep in mind that the probability of geothermal drilling

in green fields is only 50 percent.

Before drilling, we should draw a geological and geothermal cross section
along the KWO01 well, even if there still remain many unknown factors.




APPENDIX-III

Data Collection Survey on Geothermal Development in Rwanda
Brief Report of Site Reconnaissance (25t - 26th March, 2013)
By Mr. Hannes Sverrisson

Drilling Preparations of KW-01

The following are observations and comments of the team regarding drilling
preparations and related constructions. They were obtained by visiting the
construction and drill sites and speaking with the EWSA representatives. The
Great Wall Drilling Company (GWD), the drilling contractor, was also visited and
the minutes of that meeting are in a separate Memo; “Meeting with the Drilling
Contractor”, some of the findings here are from that meeting.

Following are the main findings and observations of the team:

Drilling

=> Material

The material supplied by EWSA for the well drilling is expected to arrive on site
after 1-2 weeks. We did not observe any storage area for the material, but it
should be close to the drilling pad and security should be on-site due to valuable
material being stored.

=>»Estimated Drilling Progress

According to the drilling contract the drilling time is 53 days per well and then 5
days for moving the rig between wells, although the drilling contractor (GWD)
expects the first well to take about 2 months with coring and then 2 weeks for
moving between wells.

=>Well Head

The well head and the well master valve are ANSI Class 900, which is sufficient
for the planned well.

=>» Drilling Fluid

The well is drilled with drilling fluid in the upper sections where loose rock
material may be encountered. The production section will be air-foam drilled.
=>Cementing

EWSA is currently in the process of trying to locate silica flour for mixing the
Portland cement. Other options are also being looked into by GWD and they will
give us the reason for why they had problems with using the silica flour mix in a
previous project. Silica flour (particle size of 15 pym) mixed in Portland cements
(35% silica BWOC?) are usually used for all geothermal wells. Other options of
material to prolong the lifetime of the cementing are: Silica sand (particle size of
175 - 200 um) and fly ash. But these are much less desirable options than using
silica flour. We recommend strongly to use silica flour. The well will be cemented
with a plug method, where the cement slurry is pumped into the casing and
pushed down with a plug. The contractor does not have a caliper for hole-
enlargement measurements, thus a minimum safety factor is at least 50% excess
over the bit size, for the cement slurry estimates. If excessive caving or difficult
drilling conditions are expected the excess should be increased appropriately to

1 BWOC: by weight of cement



allow the cementing to be to the surface. Also if the leak off tests shows a week
formation the density of the cement slurry should be adjusted to prevent losses
from the annulus into the formation through cracks. If exceptional drilling
conditions such as cave-ins, hole-enlargement or excessive Loss of Circulation
(LOC) is encountered it should be considered to cement the leakage to prevent
further drilling fluid losses and cementing problems.

=> Well Prognosis

A well prognosis is expected to be finished in the next weeks.

=>Coring

A 3 m core may be taken at several intervals if needed and decided by EWSA.

= Well Logging

Wire-line logging will only be for temperature and pressure measurement.
Which gives a lot of information for a geothermal well, but if funds were
available we would recommend further wire-line logging measurements as;
Gamma Ray (GR), Spontaneous Potential Logging (SPL), Resistivity (RES) to
measure the rock layer characteristics, Caliper to monitor the well diameter; and
Cement Bond Logging (CBL) to check the results of cementing operations.
=>Flow Testing

Flow testing will be performed by Geothermal Development Company (GDC) of
Kenya. They will provide piping, separator, silencer and water flow tank. They
also provide measuring equipment for steam and water flow and will take fluid
samples.

=>Health, Safety and Environment

Health, Safety and Environment (HSE) will be done by Reykjavik Geothermal; it
will be done with the drilling plan.

Drilling Site

=>»Access Road

The access road to the side is still unfinished as may be seen in Figure 1. These
are about 1.2 km for all the well sites, but finishing the access road construction
is critical for the tank construction work and construction of the drilling pad.
=>»Drilling Pad

The drilling pad was currently being leveled by moving the ground at the site and
then a 40 cm layer of gravel will be placed for support and then impermeable
material above it for compaction. The footprint of the rig is critical and the
support gravel layer has to support the whole drilling unit without subsidence.
The team recommends that the gravel and the impermeable material layer shall
be well compacted to prevent ground subsidence due to the load of drilling unit,
as well as oil seepage in to the soil of the drilling pad.

=>Cellar

The BOP stack of the drilling rig needs a 3 m deep cemented cellar that is
constructed after the drilling pad is finished. Drainage needs to be laid from the
cellar to the edge of the drilling pad for drainage.

=>Fencing around the Drilling Pad

We also recommended fencing the drilling pad to prevent locals from entering
the dangerous work area, although the site will be guarded by armed guards.
=>Progress of the Access Road and Drilling Pad Construction

The drilling pad and the access road may take up to 4 weeks to finish depending
on the progress. The gravel mine is close to the drill site so the construction of it
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may be quickened if contractor allocates resources for it. The drilling contractor
does not expect to start moving the drilling rig from Mombasa of Kenya until the
drilling pad is finalized. It is important to finish the drilling pad so that the
drilling contractor will start mobilizing the drilling unit as soon as possible.
=>Expected Spud Day

He expects 20 - 25 days for initial rig-up after arriving at the site. Thus, all delays
in the drilling pad will be critical for the spud date. As progress is now the team
expects that spud date will be in the middle of May.

Camp Site
The contractor is currently moving the housing units about 13 truckloads to the

camp site that is being constructed. The sewer system has not been started on,
but the housing units are containers that will be setup quickly when the camp
site ground has been prepared. The camp site will be fenced off for security.

The total Great Wall Drilling Company crew is 44 persons. The campsite is
expected to be ready for the housing units in 2 weeks (Figure 2).

Drilling Water
=» Water Intake

The water intake pump station is currently under construction (Figure 3 and 4)
and will be finalized in a month according to the construction contractor,
Yashinoya Trading and Construction.

=>Pipeline

We don’t have a status on the pipeline but the same contractor expressed his
opinion on that the pipeline and the booster station would finish in about a
month. EWSA intends to ask the contractor to put more resources into the
project because some of the construction can be done in parallel.

The team expressed some concern on that the pipeline was above ground on the
edge of the road and thus accidents are likely to happen if a truck drives into the
pipe. A lot of heavy traffic will be in the area due to the drilling operations.

=> Water Tanks near the Drilling Site

Preparation of water tanks on the first drilling location (close to KW-01) are
progressing. The steel bar construction of the first tank has started but all three
tanks may take up to 3 weeks or more to finish (Figure 5).

The tanks will be 4000 m3 each with total water capacity of 12 000 m3. The
diameter of the tanks is 28 m and the height 7 m.

The water will be supplied to the drill site by gravity from the tanks above the
drill sites.

=>»Pump Capacity

Pumping capacity is designed to be 2000 1/min (33 1/s) which would fill all tanks
in 5 days, but delivered water capacity will be less and the plan is not to run the
pumps at full capacity from the beginning, but at half capacity. Thus all the tanks
may be filled in about 2 weeks. But the well may be spud (drilling started) before
all the tanks have been filled.

=>Overflow and Water Path

There is currently no planned path for the water overflow, although the plan is to
shut off the pumps when full capacity is reached. It is recommended to design a
proper overflow and water path for safety, because shutting of water in a 19 km
line is not instantaneous.



29. March, 2013.
Hannes Sverrisson

Figures:

Figure 1 Drilling site construction

Figure 2 Camp site construction



Figure 3 Water intake pump station construction, foundation preparations.

Figure 4 Water intake pump station construction, cement slurry mixing.



Figure 5 Water tank construction
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Technical cooperation of JICA to EWSA, Rwanda
Data Collection Survey on Geothermal Development in Rwanda

Advice on Cement Slurry — Mixing Silica Flour
JICA Team (11 April. 2013)

The GWDC informed the Team that the GWDC would not add silica flour to the
Portland cement mixture because “GWDC does not recommend mixing any silica flour
to the Portland cement because Portland cement’s compressive strength is too low”,
quoted from the work plan of GWDC.

However, the Team would like to recommend strongly of using silica flour as already
recommended at the wrap-up meeting (please refer to the minutes of meeting of 27th

March 2013). The main reasons are as follows:

1. Cement designs for high-temperature geothermal applications have typically
included 35 to 45 % additional crystalline silica to help prevent loss of compressive
strength and increase the permeability. This is based on research performed on
cement systems, which indicated that at temperatures above 110°C (230°F),
additional silica flour is required to provide a high-strength stable crystalline
structure that does not regress in high temperature environment. This mixture has
been used for many years, both in geothermal-well applications, high-temperature
oil- and gas-well application!.

2. Successful applications of silica flour in geothermal well drilling have been
experienced all over the world and well documented in articles that could be read in
web-sites. One example is the article written by Evans Kiprotich Bett, KenGen
(2010)2, describing “Silica flour is included in the design of cement slurry to prevent
strength retrogression that occurs as a result of elevated temperatures encountered

in geothermal wells.

The Team strongly advices the GWDC contractor to reconsider their procedures
regarding usage of silica flour and mix it with the Portland cement. The recommended
amount is 40% BWOC.

End of Document

1 Mainly based on “B. Iverson and J. Maxson, Halliburton; and D Bour, AltaRock Energy, Inc: Strength
retrogression in Cements Under High-Temperature Conditions; Proceeding, Thirty-Fifth Workshop on Geothermal
Reservoir Engineering Stanford University, February 1 — 3, 2010 (attached hereto)”, with some modifications by the
Team.

2 E K Bett: Geothermal Well Cementing. Materials and Placement Techniques, UNU Geothermal Training
Programme, 2010 (attached hereto)

Nippon Koei Co., Ltd



PROCEEDINGS, Thirty-Fifth Workshop on Geothermal Reservoir Engineering
Stanford University, Stanford, California, February 1-3, 2010
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STRENGTH RETROGRESSION IN CEMENTSUNDER HIGH-TEMPERATURE
CONDITIONS

Benjamin lverson and Joe Maxson, Halliburton; and Daniel Bour, AltaRock Energy, Inc.

Halliburton
2600 S. 2" st.
Duncan, Oklahoma, 73536, USA
e-mail: benjamin.iverson@halliburton.com

ABSTRACT

Cement designs for high-temperature geothermal
applications have typically included 35 to 40%
additional crystalline silica to help prevent loss of
compressive strength and an increase in permeability.
This was based on research performed on Portland-
cement systems, which indicated that at temperatures
above 230°F, additional silica was required to
provide a high-strength stable crystalline structure.
This standard has been used by the industry for many
years, both in geothermal-well applications and high-
temperature oil- and gas-well applications. New
research, however, has shown that 40% additional
silica can be inadequate to provide a high-strength,
low-permeability cement at temperatures typical for
geothermal-well conditions of around 500°F or
higher. This research also indicates that larger
amounts of silica might be required to provide long-
term strength stability in cements that are typically
used in geothermal-well applications.

Preliminary results of this research are provided,
including strength- and permeability-test results on
cements cured at temperatures from 500 to 650°F, as
well as a discussion on the associated crystalline
phases found in these samples. In addition, a
discussion of the practical ramifications, ongoing
research, and additional research needed in this area
is included.

INTRODUCTION

Geothermal wells incorporate some of the most
extreme downhole conditions that a Portland-cement
system will have to withstand. These conditions
include hard and corrosive formations, lost-
circulation zones, CO, and other toxic-gas intrusion,
and extremely high temperatures. Of these issues,
high temperature is the most common. In Portland
cements, a phenomenon known as strength
retrogression occurs when the cement is exposed to
elevated temperatures. Strength retrogression in
cements describes a cement with lower compressive

strength and higher permeability. The detrimental
properties of the cement are caused by the formation
of lime-rich crystalline phases, such as alpha-
dicalcium-silicate hydrate, which are known to
weaken the mechanical strength of cements and
cement-based materials (Hu et al. 2006; Patchen
1960; Eilers and Root 1976). The exact temperature
under which strength retrogression occurs is
dependent on the type and purity level of the cement
used; however, typically at temperatures greater than
230°F, strength retrogression becomes an issue.

To combat strength retrogression in Portland
cements, crystalline silica is added to the cement
blend (Hewlett 1998). The addition of the silica
allows for the formation of silica-rich cement phases,
such as tobermorite and xonotlite, which do not result
in strength retrogression in the cement. Historically,
the amount of silica added to the cement was 35 to
40% by weight of cement (bwoc) (Patchen 1960).
This amount was based on research conducted at
temperatures at or near 230°F, or at higher
temperatures for relatively short periods of time. In
geothermal and other high-temperature applications,
temperatures can easily reach levels of 600°F or
higher. While some previous studies have examined
the long-term effects of exposure to temperatures as
high as 600°F, the total information available is
lacking (Stiles 2006). Whether a 35 to 40% addition
of silica remains adequate to avoid strength
retrogression as the temperature increases has not
been conclusively answered. However, advances in
the ability to analyze cement samples cured over
extended periods of time allow for the reexamination
of the baseline amount of silica required to stabilize
cements at high temperatures.

In this study, a systematic approach was undertaken
to better answer the question of how much crystalline
silica is required to avoid strength retrogression in
Portland cements exposed to elevated temperatures.
Mechanical properties, permeability, and chemical-
phase development were examined at regular time
intervals to determine any links between the
crystalline structure and properties of the cement.



This paper will focus only on the short-term
behavior, consisting of curing times of 14 and 30
days.

EXPERIMENTAL DATA

Class G (Dyckeroff) cement was selected for this
study. Five separate cement designs were used in
which the concentration of crystalline silica (SSA-
1™ agent) was increased from 40 to 80% bwoc in
10% increments. The water concentration in each
case was held at 55.073% bwoc. This resulted in a
density variation between samples ranging from 16.0
to 16.7 lbm/gal. A small amount of dispersant (0.25
and 0.5% bwoc, respectively) was used in the 70 and
80% range to improve mixability of the cement
slurry. Samples were poured into 2-in. by 1-in.
diameter brass molds and allowed to set up for 24
hours in a room-temperature water bath. After the
initial set, the samples were removed from their
molds and placed into a high-temperature, high-
pressure autoclave. Samples were then cured at the
respective temperatures while water pressure in the
autoclaves was held above the steam pressure at the
respective temperature. The temperatures used for
this study were 500, 550, 600, and 650°F. While time
intervals of 14, 30, 90, and 180 days are being
investigated, the focus of this paper will be on the 14-
day data for all samples and 30-day data for the 500
and 550°F cured samples. At the required time
intervals, the autoclaves were ramped back to
ambient temperature and pressure over a 24-hour
period and samples of each cement slurry were
removed for study. Afterwards, the remaining cement
samples were returned to the autoclave and taken
back to temperature and pressure for additional
curing.

Mechanical properties, permeability, and chemical-
phase analysis were conducted on all samples. The
Young’s modulus, unconfined compressive strength,
Poisson’s ratio, and splitting tensile strength
(Brazilian) were collected following the procedures
outlined in their respective ASTM standards (ASTM
D2664-95a 2000; ASTM D3148-02 2002; ASTM
D3967-08 2005). Permeability was calculated using a
Hassler sleeve permeameter. Powder X-ray
diffraction (XRD) was conducted on all samples
using a PANalytical X’Pert Pro Cu Ka diffractometer
with accompanying Rietveld refinement (Jade
version 9.0). When cured at elevated temperatures,

multiple phases that are structurally analogous to
mineralogical calcium silicates are known to form in
cement systems (Richardson 2008). Rietveld
refinement of the XRD patterns was used to identify
and quantify the relative amounts of phases in the
cured cement samples. A typical XRD pattern
contains crystallographic information relative to the
sample examined, such as lattice parameters, atomic
positions, phase fractions, and preferred orientation,
as well as information related to the type of
diffraction experiment conducted (Young 1993). The
Rietveld method minimizes the difference between a
hypothetical diffraction pattern created from the
theoretical crystal structures identified in the sample
and the experimental diffraction pattern obtained.
During the Rietveld refinement, experimental
parameters, such as the background, X-ray
wavelength, diffraction geometry, and peak-shape
functions were refined. A fourth-order background
function was utilized, simultaneously refining the
Caglioti shape parameters, X-ray wavelength, and
experimental geometry. The theoretical structures
used in this study are listed in the reference section.
For each theoretical structure, the lattice parameters,
atomic positions, site occupancy, and phase fractions
were refined. The refinement was continued until the
weighted residual, R, was minimized (McCusker et
al. 1999).

RESULTS AND DISCUSSION

For mechanical properties, the average values over
three or four samples, depending on the number of
samples recovered, are reported in Tables 1 and 2.
The most-commonly associated effect observed when
cements have undergone strength retrogression is a
loss of compressive strength. The compressive-
strength values obtained range from just over 4,500
psi to just under 10,000 psi. The Young’s modulus,
Poisson’s ratio, and tensile strength for these samples
were all in line with what is typically associated with
a neat cement. When cured for longer time periods,
no major trends in terms of loss of mechanical
properties were observed. However, when tracked
from 14 to 30 days for the 500 and 550°F cures, the
mechanical properties changed. This indicated that
the timeframe examined in this study might not be
long enough to fully quantify strength retrogression
at these temperatures, from a mechanical-property
standpoint.




Table 1: 14-day Ultimate Compressive Strength
(UCS), Young’s Modulus (YM), Poisson’s
Ratio (PR), and Ultimate Tensile Strength

(UTS).

Temp., Silica %, UCS, YM, PR, UTS,
°F bwoc psi psi psi psi
500 40 8,065 1,780,000 0.141 1,039
500 50 7,599 1,740,000 | 0.132 877
500 60 6,185 1,587,500 0.130 923
500 70 5,522 1,427,500 0.133 773
500 80 7,071 1,860,000 | 0.132 924
550 40 5,099 1,822,500 0.150 764
550 50 4,540 1,490,000 0.136 532
550 60 6,117 1,703,333 | 0.107 615
550 70 6,441 1,955,000 0.130 640
550 80 6,670 1,837,500 0.111 872
600 60 9,691 1,912,500 | 0.134 1,279
600 70 8,861 1,827,500 0.138 1,386
600 80 6,849 1,765,000 0.136 701
650 60 7,676 1,752,500 | 0.148 865
650 70 7,522 1,667,500 0.138 1,049
650 80 7,227 1,920,000 0.136 1,295

Table 2: 30-day Ultimate Compressive Strength
(UCS), Young’s Modulus (YM), Poisson’s
Ratio (PR) and Ultimate Tensile Strength

(UTS).
Temp., °F Sikgivf,%?’ UQS, YM, PR_, UTS,
psi psi psi psi
500 40 9,313 1,850,000 0.1268 923
500 50 7,689 1,832,500 0.134 800
500 60 4,467 1,682,500 0.127 806
500 70 6,247 1,542,500 0.1155 965
500 80 7,787 1,857,500 0.126 1,115
550 40 6,996 1,980,000 | 0.1473 1,261
550 50 5,792 1,935,000 0.129 738
550 60 5,686 1,677,500 | 0.1185 820
550 70 6,642 1,800,000 | 0.1125 750
550 80 7,512 1,865,000 0.1195 978

An increase in permeability is also an indication of
strength retrogression in cements. For oilwell
applications, cements with permeabilities less than
0.1 millidarcies (md) are typically deemed adequate.
Values higher than this, especially if they are
associated with either a change in temperature or a
change in examined timeframe, can indicate strength
retrogression. The Hassler sleeve permeameter was

used for this test to prevent fluid flow around the
sides of the sample. A confining pressure of 450 psi
was used in conjunction with a 150-psi differential
pressure with water flowing through the samples at
room temperature. Figure 1 shows the complete
collection of 14-day permeability data collected.

Figure 1: 14-day permeability data.

The 40% silica slurry cured at 550°F was the only
slurry that had a higher permeability than 0.1 md.
Furthermore, if the 500 and 550°F cures are
examined over time (Figures 2 and 3, respectively),
the 40% silica slurry appeared to increase in
permeability from 14 days to 30 days in the 500°F
cured sample.

Figure2: 14- and 30-day permeability data
collected at a curing temperature of
500°F.



Figure 3: 14- and 30-day permeability data
collected at a curing temperature of
550°F.

However, the values obtained were still below 0.1
md. At a temperature of 500°F, the five slurries tested
did not differentiate themselves, other than they are
all less than 0.1 md. This did not hold true for the
550°F cures in Figure 3. Here, the permeability
tended to decrease as the silica concentration
increased. The 600 and 650°F cures were limited only
to the 14-day cures with the 60, 70, and 80% silica
slurries. For the samples examined, the permeability
data looks adequate, but more information will have
to be collected over a longer time period of curing.

Historically, crystalline silica, or quartz, is added to a
cement slurry to stave off strength retrogression. The
added silica stabilizes the formation of crystalline
phases, such as xonotlite and tobermorite, which have
a high silicon-to-calcium ratio. Phases that have a
low silicon-to-calcium ratio can be an indication of
silica deficiency or the start of strength retrogression
in a slurry. Quartz is a crystalline form of silica and
can be identified using XRD. Figure 4 shows the
characteristic peak for quartz highlighted in the XRD
patterns for the 550°F samples cured for 14 days.

Figure 4: XRD patterns for the slurries cured at
550°F for 14 days.

Little to no intensity is found in the 40% silica
sample after 14 days of curing. This indicates that the
silica has been consumed. The relative intensity of
this diffraction peak is directly proportional to the
starting amount of silica in the sample. Hence, the
more silica in the sample to begin with, the more
quartz present after two weeks. Figure 5 shows the
diffraction patterns for the same slurries cured at 30
days with the characteristic quartz peak highlighted.

Figure 5: XRD patterns for the slurries cured at
550°F for 30 days.

While there is still no evidence of quartz remaining in
the 40% silica sample, the 50% silica sample shows
little to no presence of quartz remaining in the
sample. Furthermore, the relative intensity of the
quartz peak in the 60, 70, and 80% silica samples all
appear to be decreasing relative to the 14-day cures.

This behavior indicates that the reactions that
occurred in the cement did not reach equilibrium and
that the remaining silica in the sample was being
consumed over time. This type of conclusion is
similar to some of the conclusions found in earlier
works on the high-temperature behavior of cements
(Speakman 1968). To quantify the amount of silica
remaining in the samples over time, Rietveld analysis
was conducted on all of the samples examined. The
diffraction pattern for the 60% silica slurry cured at
500°F for 14 days is shown in Figure 6.



Figure 6: Rietveld refinement of the 60% silica
slurry cured at 500°F for 14 days. The
redline is the experimental diffraction
pattern, the black line is the theoretical
diffraction pattern, and the difference line
(the graphical representation of the R
value) is shown underneath.

All of the diffraction patterns collected in this study
were examined in a similar manner. Rietveld
refinement was deemed necessary for quantifying the
phase fractions in cement because many of the
crystalline phases that are present have complex
structures that often overlap in their diffraction
patterns. Tables 3 through 8 contain the phase
fractions in wt% for the slurries studied. Across all of
the samples examined, xonotlite, in both a triclinic
and monoclinic polymorph (designated t and m,
respectively), was the most abundant phase formed.
All other phases that were identified in the samples
were  calcium-silicate  hydrates of  varying
composition and structure. With the limited amount
of data collected to date, conclusions based on the
phases that form during hydration are difficult.

Table 3:

Rietveld Refinement Results for the 14-
day, 500°F Cured Samples.

Phases 40% 50% 60% 70% 80%
Xonotlite t 32.3 41.8 26.9 20.1 15.4
Xonotlite m 311 37.6 35.1 31.7 30.8
Scawtite 31 0 0 0 0
Killalaite 49 47 5.8 48 2.6
Kilchoanite 9.3 0 0 0 0
Katoite 31 7.7 6.5 7.4 75
Hibschite 5.1 0 0 0 0
Dellaite 111 0 0 0 0
Tobermorite 114 0 5.8 7.1 8.8 7
Quartz 0 24 3.8 10.8 14.6
Reyerite 0 0 7.3 10 15.7
Hillebrandite 0 0 75 6.4 6.4
R 4.25 4.95 4.55 4.86 4.65
Table 4: Rietveld Refinement Results for the 30-
day, 500°F Cured Samples.
Phases 40% 50% 60% 70% 80%
Xonotlite t 26.7 40.1 24.9 20.5 14.5
Xonotlite m 334 39.7 25.2 30.8 315
Scawtite 31 0 0 0 0
Killalaite 6 53 4 0.2 2.3
Kilchoanite 8.9 0 0 0 0
Katoite 0 7.8 5.6 8.9 8.5
Hibschite 9.8 0 0 0 0
Dellaite 12.1 0 0 0 0
Tobermorite 114 0 55 10.7 125 8.2
Quartz 0 1.6 13 9.9 11.7
Reyerite 0 0 23.4 17.2 18
Hillebrandite 0 0 49 0 53
R 4.48 4.85 471 452 4.48




Table 5: Rietveld Refinement Results for the 14-day,
550°F Cured Samples.

Table 8: Rietveld Refinement Results for the 14-
day, 650°F Cured Samples.

Phases 40% 50% 60% 70% 80% Phases 60% 70% 80%
Xonotlite m 38.1 40.7 376 275 34.6 Xonotlite t 33.7 37 42.1
Xonotlite t 244 | 339 | 269 | 168 21 Xonotlite m 238 213 23.7

- Scawtite 5.7 7 6.8
Scawtite 3.6 35 5 5.5 3.3
Poldervaartite 3.1 5.4 5.4
Poldervaartite 10.3 7.8 7.7 11.1 0 - .
Killalaite 8.3 7.8 6
Killalaite 3.3 3 4 4.7 9.1 Hibschite 77 71 8.3
Katoite 9.1 0 0 0 0 quartz 17.7 14.4 7.7
Hibschite 11.2 73 53 6 8.1 R 476 4.46 4.27
Tilleyite 0 24 4.4 78 47
Reyerite 0 0 6.2 158 | 114 The phase-fraction analysis also quantifies the
Quartz 0 1.4 29 48 78 amount of crystalline silica remaining. This is
- 193 8 204 " e essentially unreacted silica. As indicated previously,
: : : : : a general trend is observed that, as the initial quantity

Table 6: Rietveld Refinement Results for the 30-
day, 550°F Cured Samples.

Phases 40% 50% 60% 70% 80%
Xonotlite m 41.1 40.8 333 321 33.2
Xonotlite t 25.8 26.6 26.8 154 205
Scawtite 3.6 31 54 6.1 39
Poldervaartite 7.7 8.2 7.3 9.9 0
Killalaite 41 7.3 4.6 5.6 6.2
Katoite 7.8 0 0 0 0
Hibschite 9.9 8.4 7.4 6.4 7.1
Tilleyite 0 5.6 4.6 5.4 45
Reyerite 0 0 10 15.7 16.3
Quartz 0 0 0.6 34 8.3
R 474 4.8 391 4.45 4.97

Table 7: Rietveld Refinement Results for the 14-
day, 600°F Cured Samples.

Phases 60% 70% 80%
Xonotlite t 40.9 34 31.3
Xonotlite m 274 28.7 27.8
Scawtite 5.3 7.3 7.9
Poldervaartite 6.7 7.1 6

Killalaite 4.9 5.9 5.6
Hibschite 4.8 3.7 49
quartz 10 133 16.5

R 4.75 473 4.28

of quartz present increases, the more unreacted quartz
is present. However, the amount of unreacted quartz
tends to decrease as the samples are cured for longer
periods of time at the same temperature. Outside of
the 40% silica slurry cured at 550°F, the loss of
quartz with time has not shown any ill effects on the
mechanical properties in the cement. While the 40%
silica sample cured at 500°F showed no presence of
quartz, the permeability and mechanical properties
showed no indication of strength retrogression. This
is in contrast to the higher permeability observed in
the 550°F cured sample, which might negate its use at
this temperature.

At the higher temperatures, quartz was still identified,
although at 650°F the amount of quartz remaining did
not appear to be consistent relative to the amount that
was initially present. The consumption of silica over
time also indicates that equilibrium was not reached,
meaning more time might be required to see any
degradation in properties. With a longer timeframe
for curing, the different silica concentrations might
differentiate themselves further, both in properties of
the cement and phases that are present. As the cement
is allowed to cure for even longer periods of time
after the silica has been consumed and examined in
this manner, a better understanding of how the phase
development in the cement relates to strength
retrogression and long-term integrity is feasible.

CONCLUSIONS

A systematic approach was undertaken to examine
strength retrogression in a Class G Portland cement
containing silica additions ranging from 40 to 80%
when subjected to elevated temperatures ranging
from 500 to 650°F. Mechanical properties and
permeability were recorded for all samples studied.
XRD with accompanying Rietveld refinement was
utilized to identify and quantify the crystalline-phase




fractions present in the cements. The amount of
crystalline silica remaining in the cements studied
was quantified. From this information, 40% silica
was deemed to be too low of a starting point when
curing temperatures reached 550°F. While this is a
preliminary  study, this work highlights a
methodology for analyzing strength retrogression in
cements. Longer time frames for curing might be
required to further differentiate the behavior of the
cement.
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ABSTRACT

Geothermal wells are cemented using many of the same techniques asin the oil and
gas industry. However, high temperatures, corrosive brines and carbon dioxide
severely challenge the long-term durability of well cements. Well cementing is a
critical part of well construction and requires a dedicated design and engineering
process.

Portland cement manufactured to APl specifications, classes A and G, is most
commonly utilised in geothermal wells cementing. The cements and cement
additives selected and the cementing practices utilised are an integral part of sound
well design, construction and well integrity. Selected cements, additives and
mixing fluids should be laboratory tested in advance to ensure they meet the
requirements of the well design. Silica flour is included in the design of cement
durry to prevent strength retrogression that occurs as a result of elevated
temperatures encountered in geothermal wells. Proper well conditioning before
cementing ensures a sound cement sheath. There are four common techniques
utilised in the primary cementing of geothermal wells. There are other techniques
used to execute remedial cementing jobs when the need arises. During cementing
operations, various parameters are recorded as part of the monitoring of the
cementing execution job and for post-job analyses. In the post-job evaluation, it is
important to carry out acoustic logs.

1. INTRODUCTION

Cementing is the process of mixing and pumping cement slurry down to fill the annular space behind
the pipe. When setting, the cement will establish a bond between the pipe and the formation. Unlike
oil and gas wells, the casings in geothermal wells are usualy fully cemented back to the surface.
Portland cement is the most commonly used cement. The American Petroleum Institute (API)
classifies cement into eight types depending on required properties. Slurry is made by mixing cement
with water and additives. Chemical additives are mixed into the cement slurry to alter the properties
of both the slurry and the hardened cement.

The success and long life of well cementation requires the utilization of high-grade steel casing strings
with special threaded couplings and temperature-stabilized cementing compositions. A hydraulic seal
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must be established between the cement and the casing and between the cement and the formation.
This requirement makes the primary cementing operation important for the performance of the well.
Geothermal wells are drilled in areas with hot water or steam and because of the hostile conditions,
special planning is necessary to ensure the integrity of the well. When primary cementing is not well
executed due to poor planning, despite using the right methods and materials, remedial cementing may
have to be done in order to restore awell’ s operation.

In generd, there are five steps in designing a successful cement placement:

a) Analysing the well
conditions: reviewing
objectives for the well
before designing
placement techniques
and cement dlurry to
meet the needs for the
life of the well;

b) Determining  sSlurry
composition and
laboratory tests; - 5

c) Determining  slurry 4 ! K

Cementing unit

Mixing unit

/ s |
_, - : ;
volume to be pumped, ( ) 1 ¥ cement sturry
us ng the nece$ary N\ 7 iR Shurry is circulated, weighed,  Sharry is pumped downhole H

e and adjusted

equipment to blend, plug
mix and pump slurry }

. Downhole
into the annulus,

establishing  backup
and contingency Bo&:.,;pl
procedures;

d) Monitoring the
cement placement in
real time: comparison -
is made with the first Float collar
sep and changes /) \_\
implemented  where ( L
necessary; "

€) Post-job evaluation of Conrte
results.

Cementing operation is a U j—

continuous  process  as
shown in Figure 1 (AP,
2009). FIGURE 1: Typical cementing process (API, 2009)

Culde shue

2. OBJECTIVESOF CEMENTING

The objective of casing cementing isto ensure that the whole length of the annulusis completely filled
with sound cement that can withstand long term exposure to geothermal fluids and temperatures
(Hole, 2008). The most important functions of a cement sheath between the casing and the formation
are (Rabia, 1985):
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a) To prevent the movement (migration) of fluids from one formation to another or from the
formations to the surface through the annulus;

b) To hold the casing string in the well;

¢) To protect the casing from corrosive fluids in the formations and buckling;

d) To support the well-bore walls (in conjunction with the casing) to prevent collapse of
formations;

€) To prevent blowouts by forming a seal in the annulus;

f) To protect the casing from shock loads when drilling deeper.

Cementing is also used to condition the well:

a) Tosed lossof circulation zones,

b) To stahilize weak zones (washouts, collapses);

¢) To plug awell for abandonment or for repair;

d) To kick-off side tracking in an open hole or past ajunk;
€) To plug awell temporarily before being re-cased.

3. WELL CONDITIONS

It is important to get a clear picture of the conditions in the well to identify loss zones, losses,
temperature, wellbore enlargements and other potentially useful information.

3.1 Mud conditioning

The top priority in achieving a successful cement job is to displace all the mud from the annular
section to be cemented and the mud cake on the annular wall. Drilling mud is designed to help
efficiently drill, transport cuttings to the surface and form a mud cake, but is not always conducive to
good mud displacement during cementing operations. Therefore, prior to running the casing and
cementing, the drilling fluid should be conditioned to exhibit ‘easy-to-remove’ properties including
low fluid loss, thin rheological properties, and aflat gel profile (Bush and O'Donnell, 2007). Reducing
the mud’s gel strength, yield stress and plastic viscosity is recognized as being beneficial, because the
driving forces necessary to displace the mud are reduced, and its mobility is increased (Nelson, 1990).
The addition of mud thinners and deflocculants will aid in this process. Prior to logging operations or
the installation of casing, the bit should be short tripped to the previous casing shoe and then run back
to bottom to be certain the well will remain open. Additionally, if there is a concern for mud losses
while running casing or cementing, LCM (Lost Circulation Material) pill should be spotted on the
bottom prior to POOH (Pull Out Of Hole) with the drill string.

Once the casing has been run, the mud should be further conditioned to remove gelled mud which will
have formed beneath the casing in areas of poor centralization. After landing the casing, and the
drilling mud has been conditioned, the cementing should begin as soon as possible, preferably within
15 minutes. Increased static times may cause the mud to gel significantly and make it difficult to
remove from the annulus (Bush and O'Donnell, 2007).

3.2 Casing movement
If possible, the casing should be reciprocated. The pipe movement will both physically scrape mud

from the wellbore, as well as keep fluid moving around al portions of the hole. Reciprocation is 5-15
m stroke length at 1 stroke per minute (Bush and O'Donnell, 2007).
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3.3 Centralization

Good centralization is an important factor in achieving efficient mud displacement and cement
placement. A poorly drilled hole may have several washed out zones which are difficult to clean out,
regardless of the displacement rate.  Crooked holes make casing centralization difficult.
Consequently, the removal of the mud from the narrow side of the annulus is problematic. It is
therefore necessary to ensure that the drilled hole is smooth without doglegs, in-gauge and stable
(Nelson, 1990). A minimum casing stand-off of 70% through critical sections is a good rule-of-
thumb. Stand-off can range from 0% (casing against the hole wall) to 100% (casing perfectly centred
in the hole) (Bush and O'Donnell, 2007).

3.4 Bottomhole temperature

Accurate prediction of bottomhole circulation temperature (BHCT) and bottomhole static temperature
(BHST) is important during drilling and completion of geothermal wells. The mgjority of borehole
temperature measurements are obtained as maximum-reading values acquired during logging runs.
Many methods and algorithms have been proposed to extrapolate bottomhole temperature values,
measured during drilling or soon after circulation has ceased, in order to obtain static borehole or
formation temperature.

To plan the cementing operations in high-temperature geothermal wells, accurate circulation
temperatures are required. The BHCT typically used for cement slurry design are found in AP
Specification 10. It assumes 26°C surface formation temperature. One must know the average static
temperature gradient to design cement-slurry thickening time with the current APl bottomhole
temperature circulation correlations. Many drilling operators have observed that the APl method
overestimates circulating mud temperatures for deep wells. A recently developed API equivalent well
(API-EW) method allows one to use the API temperature correlations for any deep well, both onshore
and offshore, and for any values of surface formation temperature. The API-EW method transforms a
real wellbore into an API equivalent wellbore by treating the well’s 26°C isotherm as the surface
temperature (Kutasov and Kagan, 2002).

To calculate the average temperature gradient and determine the rate of cement strength devel opment,
BHST has to be known. Bottomhole shut-in temperature is used and an approximate analytical
method. It is a function of drilling fluid circulation time, shut-in time, wellbore radius, circulation
time, and formation thermal diffusivity.

A BHCT memory recorder was recently developed, capable of recording downhole temperatures
during circulation before cementing, squeezing or plugback operations. The recorder can be tripped
into the well with a pipe or wireline and can be dropped down the drill string. Temperature data
obtained with BHCT recorders are representative of true bottomhole circulating temperatures and can
provide an accurate assessment of downhole temperature conditions before critical cementing
operations are performed (Kabinoff et al., 1992). Because of the uncertainty of actual BHCT,
retardation and testing of the cement can be challenging.

3.5 Caliper log

A caliper log is used to measure the wellbore diameter. After the casing point is reached, caliper logs
should be run, and the cement volume should be adjusted based upon the actual wellbore size. Even
with the caliper log, it is common practice to use an excess volume to ensure fill-up by cement across
all critical zones. The excess factor used is based on the experience obtained from the field being
drilled. The volume obtained is added to the volume of cement that will remain between the float
collar and the shoe, i.e. in the shoe track. The most commonly used caliper tools have 4 or more
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movable arms. The logging cable makes it possible to control the motor-operated arms. Caliper logs
give the location of cavities in the well (Nelson, 1990). They are also used to assess the condition of
the casing, i.e. to check for damage and deposition of calcite scales. If an excess factor has not been
established, a rule of thumb may be to use 20% excess in the open hole section where the caliper is
used and 50% otherwise.

4. PLACEMENT TECHNIQUES

Most primary cement jobs are performed by pumping the slurry down the casing and up the annulus.
However, modified techniques can be used for special situations. A successful primary cement job is
essential to allow further drilling operations to proceed. In geothermal wells, cement placement to the
annulus is mostly done using one of the techniques explained below.

4.1 Single stage cementing

The single stage
cementing operation is
the most common type of
cementing operation.
The procedure is as
outlined below and the
operation is illustrated in
Figure 2:

a) The casing string
with all the
required cemen-
ting  accessories
such as the float
collar, guide/float
shoe and centra
lizers (Figures 3, 4
and 5), is run in
the hole until the

shoe is just a few FIGURE 2: Single stage cementing operation (Nelson, 1990)
metres off bottom.

FIGURE 3: Float collar FIGURE 4: Guide/float shoe FIGURE 5: Casing
(Heriot-Watt University, (Heriot-Watt University, 2010) centralizer (Heriot-Watt
2010) University, 2010)
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b) The cementing head, shown in Figure 6, is then
connected to the top of the casing string. It is
essential that the cement plugs are correctly
placed in the cementing head.

¢) The casing is then circulated clean before the
cement operation begins.

d) The bottom (wiper) plug, shown in Figure 7, is
released and pumped down to wipe the inside of
the casing clean. It isfollowed by a spacer, then
cement slurry. A spacer is meant to provide a
barrier to avoid cement slurry mixing with mud.
When the plug reaches the float collar, its rubber
diaphragm is ruptured, allowing the spacer and
slurry to flow through the plug, around the shoe
and up the annulus.

€) The top (shut-off) plug, shown in Figure 8, is
then released and displacing fluid is pumped.
When the plug reaches the float collar, it lands
on the bottom plug and stops the displacement
process.

The pumping rate should be slowed down as the top
plug approaches the float collar and the top plug
should be gently ‘‘bumped’’ into the bottom, wiper
plug. The displacement of the top plug is closely
monitored. The volume of displacing fluid necessary
to pump the plug should be calculated before the job
begins. Throughout the cementing job, the mud
returns from the annulus should be monitored to ensure
that the formation has not been broken down. If
formation breakdown does occur, then mud returns
would slow down or stop during the displacement
operation. Appropriate action should be taken if there
are losses observed during cementing.
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FIGURE 6. Cementing head (Nelson, 1990)

FIGURE 7: Bottom FIGURE 8: Top plug
plug — hollow - solid

Upon displacement of cement in the casing and bumping of the plug, the positive seal in the float
collar and shoe keeps the cement in place. Valves on the casing head should not be closed during the
waiting-on-cement (WOC) period, because the temperature of the fluid left in the casing will increase
and, thus, could cause pressure increase, which would expand the casing.

4.2 Inner string (stinger) cementing

Inner string cementing is also common in geothermal well cementing. It allows large-diameter casing
strings to be cemented through the drill pipe or tubing that isinserted and sealed in floating equipment.

Inner-string cementing has the following advantages:

a) Reduces the risk of cement slurry setting within the casing since cement reaches the annulus
much faster than in conventional methods of cementing;

b) Does not require large-diameter cementing plugs;
¢) Reduces cement contamination;

d) Reduces the amount of cement that has to be drilled out of large-diameter casing;

€) Decreases cementing displacement time;

f) Allows cement slurry to be pumped until returns are obtained on the surface.
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Inner-string cementing requires
the installation of a stab-in
float shoe or float collar in the
casing string. The float collar
with a sealing sleeve is usualy
installed two joints from the
bottom in the casing string.
The casing string is run into
the well in the usua manner.
The inner string is then run in,
with the sealing adapter made
up on the lower end and
stabbed into the floating
equipment sealing sleeve. The
sealing sleeve is built into the
floating equipment to provide a
sealing-sleeve/bore receptacle
for the inner-string sealing
adapter. The float equipment
top is aso tapered to form a
surface that helps guide the
sedling-sleeve adapter into its
sealing  deeve Two
centralizers should be run on
the inner string, one centralizer
directly above the sealing
adapter and another one above
the first centralizer. This

FIGURE 10: Stab-in collar and
adapter assembly (CaseTech
International, Inc., 2010)
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FIGURE 9: Inner string cementing operation (Nelson, 1990)
arrangement will help the inner string enter the stab-in floating

equipment. The inner string cementing operation is shown in
Figure 9. Figure 10 shows the stab-in collar and drill pipe
assembly.

After the inner string (usualy drill pipe) has been stabbed into the
floating equipment, water is circulated around the system to ensure
that the stinger and annulus are clear of any debris. Thisis followed
by a spacer (polymer). Cement dlurry is then pumped through the
stinger and floating equipment into the wellbore annulus.

Displacement on the inner string can be done with or without a
plug. The diameter of the stinger is generally smal so
contamination of cement is unlikely if alarge enough liquid spacer
is used. The cement durry is generally under-displaced so that
when the sealing adapter on the stinger is pulled from the floating
equipment, the excess cement falls down on top of the floating
equipment. After cementing is completed, the check valve in the
floating equipment prevents cement from re-entering the casing and
the sealing adapter and inner string can be pulled from the casing.
The main disadvantage of this method is that, for long casing
strings, rig timeislost in running and retrieving the inner string.
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4.3 Reversecirculation cementing

This is mainly used in wellbores where loss of circulation is encountered. The technique involves
pumping the slurry down the annulus and displacing the drilling fluid back up through the casing; the
cement slurry direction is opposite that of the conventional method as shown in Figure 11. The float
equipment, differential fill-up equipment and wellhead assembly must be modified. This method is
used when the cement slurry cannot be pumped in turbulent flow without breaking down the weak
zones above the casing shoe. Reverse circulation allows for a wider range of slurry compositions, so
heavier or more-retarded cement can be placed at the lower portion of the casing, and lighter or
accelerated cement slurry can be placed at the top of the annulus. Calliper surveys should be made
before the casing is run, to determine the necessary volume of cement and minimise over-placement
(Crook, 2006).

Reverse circulation cementing can provide the following advantages:

a) Reduces hydraulic horsepower of the cement slurry pumping equipment since the gravitational
force isworking in favour of the slurry flow;

b) Reduces fluid pressure (often reported as an equivalent circulating density or ECD). ECD is
normally calculated at the shoe by combining the effects of hydrostatic pressure and frictional
fluid-induced pressures in the casing. Because the heavier and more viscous cement dlurry is
not circulated back to the surface through the casing, the ECDs can be significantly reduced in
reverse cementing in comparison to conventional cementing as shown in Figure 12;

¢) Enables shorter durry thickening time since little or no retarders are used;

d) Takesashorter time to execute since no displacement is done.

FIGURE 11: Conventiona vs. reverse cementing FIGURE 12: Conventional vs. reverse
(Hernandez and Bour, 2010) circulation ECDs (Hernandez and Bour, 2010)

4.4 Two-stage cementing

This method is rarely used in geothermal well cementing because of the risk of having water pockets
in the cement sheath. In geothermal wells, it is mostly used with tieback casing to minimise the risk of
casing collapse caused by water pockets. Inlong casing strings and in particular where the formations
are weak and may not be able to support the hydrostatic pressure generated by a very long column of
cement slurry, the cement job may be carried out in two stages. The cement sheath in the annulusis
split into two, with one sheath extending from the casing shoe to some point above the potentially
troublesome formations at the bottom of the hole and the second sheath covers shallower troublesome



Report 10 107 Bett

formations. The placement of these cement sheaths is as shown in Figure 13. The reasons for using a
two-stage operation are to reduce:

a) Collapselimit of casing;

b) Long pumping times;

¢) High pump pressures,

d) Excessive hydrostatic pressure on weak formations due to the relatively high density of cement
durry.

The procedure for conducting a two-stage operation is as follows:

First stage

The procedure for the first stage is similar to that of single stage cementing, described in Section 4.1,
except that a wiper plug is not used and only a liquid spacer is pumped ahead of the cement durry.
The conventional top (shut-off) plug is replaced by a plug with flexible blades to enable it to pass
through the stage cementing collar (cementer), shown in Figure 14. The height of this cemented part
of the annulus will depend on the fracture gradient of the formations which are exposed in the annulus.

Second stage

The second stage of the operation involves the use of a stage collar which is placed in the casing string
at a pre-determined position. The position often corresponds to the depth of the previous casing shoe.
The portsin the stage collar are initially sealed off by the inner sleeve. This deeveisheld in place by
retaining pins. After the first stage is complete a specia dart is released from the surface which lands
in the inner sleeve of the stage collar. When a pressure of 69-100 bars is applied to the casing above
the dart, and therefore to the dart, the retaining pins on the inner sleeve are sheared and the sleeve
moves down, uncovering the ports in the outer mandrel. Circulation is established through the stage
collar before the second stage dlurry is pumped. The norma procedure for the second stage is as
follows:

Closing
sleeve
I_. Lock
' ring
i
(O E Ports
i Shear pin
Drillabl
:\op;n?nge
) seat
Opening
sleeve
FIGURE 13: Two-stage cementing operation FIGURE 14: Stage cementing collar

(Nelson, 1990) (Heriot-Watt University, 2010)
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a) Drop opening dart;

b) Pressure up to shear retaining pins,

c) Circulate through stage collar whilst the first stage cement is setting;
d) Pump spacer;

€) Pump second stage dlurry;

f) Release closing plug;

g) Displace plug and cement;

h) Pressure up on plug to close ports in

stage collar.

The other accessories used in a two-stage
cementing operation are shown in Figure 15.
One disadvantage of stage cementing is that
the casing cannot be moved after the first stage

cement has set in the lower part of the annulus. FIGURE 15: Two-stage cementing accessories
Thisincreases the risk of a poor cement bond. (Crook, 2006)

5. SLURRY DESIGN

5.1 Cement and cement additives

Portland cement, manufactured to APl specification, typically APl Class A or APl Class G cements,
are now commonly utilised in geothermal well cementing. Portland cement is essentially a calcium
silicate material, and the most abundant components are tricalcium silicate (C3S), dicalcium silicate
(C,S) and tricalcium aluminate (CsA). APl Spec 10A classifies cement used in well cementing into
the following classes and grades (Gabolde and Nguyen, 2006):

Class A — intended for use when special properties are not required. It is available only in
ordinary (O) grade.

Class B — intended for use when conditions require moderate or high sulphate-resistance. It is
available in both moderate sulphate-resistant (MSR) and high sulphate-resistant (HSR) grades.
Class C — intended for use when conditions require high early strength. It is available in O,
MSR and HSR grades.

Class D — intended for use under conditions of moderately high temperatures and pressures. It
isavailablein MSR and HSR grades.

Class E — intended for use under conditions of high temperatures and pressures. It is available
in MSR and HSR grades.

Class F — intended for use under conditions of extremely high temperatures and pressures. It is
availablein MSR and HSR grades.

Class G — intended for use as basic well cement. It is available in MSR and HSR grades. No
additives other than calcium sulphate or water, or both, shall be inter-ground or blended with the
clinker during the manufacture of class G well cement.

Class H — intended for use as basic well cement. It is available in MSR grade. No additives
other than calcium sulphate or water, or both, shall be inter-ground or blended with the clinker
during the manufacture of class H well cement.

Planning for cementing operations and the design and specification of acceptable cement slurries must
be performed based on specific well conditions. To adopt standardized cement dlurry formulations is
generally a recipe for disaster, since there will always be the one well that does not fit the standard
specifications. Cementing temperature conditions are important because BHCT affects durry
thickening time, rheology, set time and compressive strength development.
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Slurry design is affected by well depth, BHCT, BHST, type of drilling fluid, lurry density, pumping
time, quality of mix water, fluid loss control, flow regime, settling and free water, quality of cement,
dry or liquid additives, strength development, and the quality of lab cement testing and equipment.
Cement system design for geothermal wells differs from those for conventional high temperature ail
and gas wells in the exclusive use of silica flour (15 pum) instead of silica sand (175-200 um) and the
avoidance of fly ash as an extender (light weight additive) (Gaurina-Medimurec et al., 1994).

Usually the cement is mixed with 35-40%
silica flour for heat resistance. This ensures
longevity of the cement as it prevents
strength  retrogression  and  increasing
porosity as is seen with neat cement slurries
exposed to elevated temperatures. Strength
retrogression in cement is a measure of
decreased compressive strength and higher
permeability as the curing time progresses as
shown in Figure 16. Greater permeability of
set cement due to a greater porosity makes it

_sensitive to corrosi\{e formation fluids, whj ch FIGURE 16: Cement strength retrogression
is an equally serious problem as losing (Thérhallsson, 2010)
strength. High temperatures in the range of '

150 — 350°C are experienced in geothermal wells. Research studies that have been done on Portland
cement have shown a need to add silica flour to the cement to avoid strength retrogression at
temperatures above 120°C (lverson et a., 2010).

Other additives besides silica flour used in the design of cement slurry for geothermal wells are:

Retarders — used to prolong the thickening time of cement slurry and avoid the risk of it setting in the
casing prematurely by keeping it viscous and pumpable. They are used in deep wells where BHCT is
expected to be high, i.e. above 38°C. They do not decrease the ultimate compressive strength of
cement but do slow the rate of strength development. The most widely used retarder is calcium
lignosulfonate — 0.1 t0.5% BWOC. Circulation temperature should be carefully predicted so that the
correct retarder concentration is used to avoid flash setting or very long setting up time due to over-
retarded cement durry. Other retarders include synthetic polymers, organic acids or borate salts.

Lightweight additives (extenders) — used to reduce the Slurry density for jobs where the hydrostatic
head of the cement slurry may exceed the fracture strength of the formation. In reducing slurry
density the ultimate compressive strength is also reduced and the thickening time reduced. The most
commonly used extender is Wyoming bentonite — 2 to 16% BWOC. It is able to hold water which is
16 timesits volume and it therefore also ensures no free water evolves during cement set up.

Friction reducers (dispersants) — added to improve flow properties of slurry. Adding dispersants can
lower friction and lower pressure during pumping, and enhances turbulent flow at reduced pumping
rates.

Fluid loss control additives — used to prevent dehydration of cement slurry and premature setting. The
requirement to cement the total length of each casing in under-pressured reservoirs results in a
tendency of the water fraction of the cement slurry being lost to the formation. These additives help
retain the key characteristics of their cement slurries, including viscosity, thickening time, rheology
and comprehensive strength-development. The most common are Organic polymers — 0.5 to 1.5%
BWOC and CMHEC - 0.3 to 1.0% BWOC.

Loss of circulation (LOC) additives — cement slurry can be lost to either natural or induced formation
fractures. The additives help control the loss of durry to the formation. The use of medium to finely
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ground mica flakes, which are completely inert and non-sensitive to temperature, dry blended into the
cement has been found to be very effective. Organic LCM materials, traditionally utilised in drilling
mud formulations, should not be used in cement slurry. Although they achieve the objective of sealing
the permeable zones, after the well has been completed, the organic material is carbonised, leaving
high porosity within the loss zones, thus providing a flow path for possibly corrosive formation fluids.

Antifoam additives — frequently used to decrease foaming and minimise air entrainment during mixing.
Excessive foaming can result in an underestimation of the density downhole and cavitation of the
mixing system. The additives modify the surface tension in the cement slurry so that foaming is
prevented or the foam breaks up. The concentration required to be effective is very small, typically
less than 0.1% BWOW. Polypropylene glycol isthe most common.

Accdlerators — added to cement slurry to shorten setting time. This is mostly used in surface casing
where low temperatures are encountered. They are used when cement setting time is longer than that
required to mix and pump cement, which in turn leads to reduced WOC time. Calcium chloride
(CaCly) — 1.5 to 2.0% BWOC and Sodium Chloride (NaCl) — 2.0 to 2.5% BWOC are the most
commonly used. It should be noted that higher concentrations act as retarders.

Identification colour or radioactive material — to identify the cement coming up when LOC or plug
cementing is being done. During the course of numerous cementing jobs, it may be advantageous to
see which cement is coming to the surface.

5.2 Cement mixing

On most rigs cement powder and additives are handled in bulk, which makes blending and mixing
much easier. For large volume cement jobs, several bulk storage bins may be required on therig. For
any cement job, there must be sufficient water available to mix the durry at the desired water/cement
ratio when required. The mix-water must also be free of all contaminants. Figure 17 shows atypical
schematic flow diagram of cement slurry preparation and indicates the steps performed at the central
storage location and at the well site.
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FIGURE 17: Typical cement mixing process (Nelson, 1990)
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FIGURE 18: Jet mixer (Heriot-Watt University, 2010)

Cement mixing and pumping can be done either using a recirculation mixer, which is currently the
most common, or conventional jet mixer units that may be truck, trailer or skid mounted.

Conventional jet mixer — it is an old method and no longer common. The mixer consists of a funnel
shaped hopper, a mixing bowl, mixing tub, a water supply line and an outlet for the slurry as shown in
Figure 18. Mix-water is pumped across the lower end of the flow and dlurry is created. The slurry
flows into a durry tub where its density is measured. |f the density of the dlurry is correct then the
correct amount of mix-water has been mixed with the cement powder. Samples can be taken directly
from the mixer and weighed in a standard mud balance or automatic devices (densometers).

Recirculation mixer — the mixer can be mounted on
a truck, as shown in Figure 1, or trailer, while a
skid mounted unit is used mostly offshore and its
configuration is as shown in Figure 19. The mixing
system proportions and blends the dry cementing
composition with predictable properties. The re-
circulating mixer is designed for mixing more-
uniform homogeneous slurries. It consists of the
following (Nelson, 1990):

a) A sophisticated metering system to mix
cement with water, and a device to mix the
resulting slurry with previously mixed slurry
from the mixing tub;

b) A re-circulating pump (centrifugal pump) at
the bottom of the tub to improve the initial
mixing by additional shearing;

c) A mixing tub which can be split into two FIGURE 19: Recirculation mixer (Crook, 2006)
sections. A film-like flow is created over the common partition which assists the release of
entrapped air. Both sections can be equipped with agitation paddies (stirrers) to further improve
the mixing.

The density is remotely controlled by metering cement and/or water, depending upon the model.
Usually the water rate is kept constant, and the slurry density controlled by altering the rate at which
cement is delivered to the mixer. Normally, the cement is transferred directly from a pressurized tank
without passing through a surge tank.
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5.3 Cement pumping

The cement pumping unit normally has twin displacement pumps (triplex, positive displacement)
which may be diesel powered or driven by electric

motors. The pump plungers have a diameter of

between 76.2 and 152.4 mm. Their maximum

hydraulic horsepower varies between 150 and 370

kW. The maximum pump flow rate is around 1.3

m® and the pumping pressure should not exceed 70

bars (1,030 ps).

Different flow regimes may be encountered, as
shown in Figure 20, during cement pumping

depending on conduit geometry, flow velocity and FIGURE 20: Flow regime (Weatherford ,1986)

physical properties of slurry. Turbulent

flow is desirable for good cementation,

however it is difficult to attain due to

limitations in eccentric annuli and

irregular wellbores.  Adding friction

reducers to cement slurry helps achieve

turbulent  flow. Figure 21 shows

different pumping rates necessary for

turbulent flow related to casing/hole

combination and durry used. The

annular displacement velocity should be

a least 1.2 m/s and preferably 1.8 m/s

for small casing sizes. The high

displacements rates help attain high

displacement efficiency, but if not

possible, then a plug-flow type job FIGURE 21: Pumping rates to achieve turbulent flow
should be carried out at low rates of 0.15 (Weatherford ,1986)
— 045 m/s. Laminar flow should be

avoided whenever possible (Weatherford, 1986).

Cement jobs require the measurement of many parameters as explained below (Nelson, 1990):

Mix water — the volume s of water is measured by means of the displacement tanks.
Cement (blend) and slurry — the volumes of mixed slurry and dry cement are determined by
combining the mix-water volume and slurry density.
o Flow rate — the dlurry flow rate is observed at the downhole pump-stroke counter. A flow-
meter is used if a continuous recording of job parametersis being made.
e Pressure — the pumping pressure is read at a gauge or display panel. An electronic pressure
transducer is used if the various parameters are recorded by a central unit.
e durry density — is traditionally measured using
a mud balance (Figure 22). More sophisticated
systems are becoming common, e.g. continuous
U-tube weighing balance and radioactive
densitometer connected to a central recording
unit.
FIGURE 22: Mud balance
Centra recording units are available which
continuously record vital pumping parameters. The recorders significantly improve onsite job
monitoring, while simultaneously storing data for post-job evaluation.
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5.4 Cement dlurry properties

There are six major slurry performance properties that are tested for each cement slurry design. These
are: thickening time, slurry density, free water, fluid loss, compressive strength and rheology.

Thickening time —is designed to determine how long cement slurry remains pumpable under simulated
down-hole temperature and pressure conditions. The pumpability, or consistency, is measured in
Bearden consistency units (Bc). The test is performed in a HPHT (high pressure high temperature)
consistometer. The test involves mixing cement slurry, placing it into the slurry cup, and then placing
the slurry cup into the consistometer for testing. The testing pressure and temperature are controlled
to simulate the conditions that the slurry will encounter in the well (Ogbonna, 2009). When the durry
reaches a consistency of 70 Bc, it is considered unpumpable in the well. Thetimeis called thickening
time or pumpable time. Also, the elapsed time to 40 and 100 Bc should be measured. The difference
between the 100 and 40 Bc times is the transition time — used as an indication of the rate at which
slurry changes from a pumpable to an unpumpable condition (Bush and O'Donnell, 2007). Normally,
acontingency time of 1 hour is added to the pumping time to allow for possible equipment failure.

Surry density — should be specified to be as high as possible throughout the cemented interval without
causing formation breakdown during placement. In general, the cement density should be a minimum
of 0.12 kg/l (1.0 ppg) heavier than the drilling fluid density in the hole at the time of cementing (Bush
and O'Donnell, 2007).

Free water — the purpose of this test is to help determine the amount of free water that will gather on
top of the cement slurry between the time it is placed and the time it gels and sets up. The test
involves preconditioning the slurry up to 88°C maximum temperature in an atmospheric
consistometer. It is then transferred to a 250 ml graduated cylinder and allowed to set static for 2
hours. For deviated wells, a more critical test is to incline the cylinder at 45°. The durry is then
examined for any free fluid on the top of the cement column. This free fluid is decanted and measured
to determine the percent of free water based on the 250 ml volume (Rabia, 2001). The maximum
alowed is 0.5%. The separation of water from slurry, once it has been placed, can lead to channelling
and formation of water pockets that can cause collapse of the casing once it is heated up.

Fluid loss — is designed to measure dlurry dehydration during and immediately after cement
placement. Under simulated wellbore conditions, the durry is tested for filtrate loss across a
standardized filter press at differential pressures of 69 bars (1000 psi). The test duration is 30 minutes
and results are quoted as ml/30 min. API fluid-loss rate of 50-100 mI/30 min. (for 0.6 | of dlurry) is
satisfactory in most primary cementing (Gaurina-Medimurec et al., 1994).

Compressive strength — the pressure it takes to crush the set cement is measured in thistest. Thistest
indicates how the cement sheath will withstand the differential pressures in the well. In destructive
testing, cement slurry is poured into two-inch cubical moulds. The cement cubes are then cured for 8,
12, 16 and 24 hours at bottom-hole temperatures and pressures. In destructive testing, the cement
cubes are then crushed to determine their compressive strength in psi. In a non-destructive test, sonic
speed is measured through the cement as it sets. This value is then converted into compressive
strength (Ogbonna, 2009).

Rheology testing — to properly predict the frictional pressures that will occur while pumping the
various fluids in the well, the rheological properties of the slurries should be known as a function of
temperature. The slurry viscosity is measured using Fann viscometer. The slurry sample should be
conditioned for 20 minutes in an amospheric Consistometer before measurements are taken.
Readings should be taken at ambient conditions and at BHCT when possible. Measurements should
be limited to a maximum speed of 300 rpm. Readings should also be reported at 200, 100, 60, 30, 6
and 3 rpm (Ogbonna, 2009).
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5.5 New dlurry techniques

Fibre-reinforced cement slurry — has proved to be useful in geotherma wells. The fibres have been
shown to improve cement toughness as a result of improved interfacial shear strength between the
hydrated cement and fibre. It is important for the cement sheath placed in a well to maintain good
structural performance and sealing capacity throughout the lifetime of the well. Fibre-reinforced
cements are able to withstand higher tensile stresses than conventional cements. Experience from
practical applications has shown that significant improvements in the mechanical properties of
cementitious materials can readily be achieved by incorporation of fibres. Fibre reinforcement
increases tensile strength and strain capacity, flexural and shear strength, ductility, toughness, and
resistance to cracking induced by thermal effects, shrinkage or other causes. Furthermore, fibres act to
arrest crack growth and transfer stresses across cracks. In general, the properties of fibre-reinforced
materials are dependent on the physical and mechanical properties of the fibres, fibre length and
volume fraction, interfacial bond strength, orientation of fibres and aspect ratio. In the case of
geothermal cements, fibres added for reinforcement are also required to demonstrate durability and
thermal compatibility in the well environment (Berndt and Philippacopoulos, 2002). In their studies of
investigating different types of fibres, Berndt and Philippacopoul os evaluated different types of fibres
with the objective of identifying systems offering the greatest improvement in cement tensile strength.
The fibres investigated included steel, stainless steel, carbon, basalt and glass. The baseline cement
matrix was standard Class G cement/40% silica flour. Variations on this were latex-modification and
lightweight formulations incorporating either perlite or microspheres. The fibres that showed the best
performance at low volume fraction were 13 mm brass-coated round steel fibres. Steel and carbon
micro-fibres also improved the tensile strength, provided the volume fraction was high enough.

Hollow microspheres slurry — has a low specific gravity and can withstand high pressures. This
allows the use of cement designs that can maintain low density at high pressures and still develop
relatively high compressive strength over a broad temperature range. Density as low as 0.96 g/cm®
can be obtained with microspheres (Nelson, 1990). However, the microspheres are expensive and
when used in high enough concentrations, can require specia bulk handling and mixing equipment to
maintain a consistent slurry density. Also, the slurry rheology has to be carefully controlled to prevent
the spheres from floating (Niggemann et al., 2010).

Foamed cement slurry — is a mixture of cement slurry, foaming agents and a gas. Foamed cement is
created when a gas, usually nitrogen, is injected at high pressure into base dlurry that incorporates a
foaming agent and foam stabilizer. Nitrogen gas can be considered inert and does not react with or
modify the cement-hydration product formation. Under special circumstances, compressed air can be
used instead of nitrogen to create foamed cement (Crook, 2006). The small, fine foam bubbles are
believed to promote stronger cement walls around the bubbles and to provide a set cement of increased
integrity. It generates discrete, non-interconnected pore spaces in cement slurry as shown in Figure
23. Such integration of discrete pore spaces reduces the density of the cement slurry. When properly
executed, the process creates stable lightweight slurry, with low permeability and relatively high
compressive strength compared to conventional —so: sy e - ‘a’; &7
cements. Although the discrete pore spaces created F .ﬁ’i I 'Fté{;br_-" %
by nitrogen will be compressed with pressure < o, 2

increases, they will not disappear like microspheres,
which have a depth/pressure limitation; some
spheres will crack and lose their ability to lighten
the slurry when exposed to pressures higher than
their pressure rating (Niggemann et al., 2010).
Foamed cement is less expensive than microspheres
and the dlurries are easier to design. In addition,
with foamed cement, densities as low as 0.42 kg/l
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GURE 23: Foamed cement sar;rile_
can be obtained (Nelson, 1990). (Niggemann et al., 2010)



Report 10 115 Bett

6. CEMENTING JOB
6.1 Pre-job preparation

To obtain a good cement job, it is important to be familiar with the wellbore conditions, design,
materials and equipment available, try to think of unexpected LOC zones and how to react without
delay. When cementing has started, there is not much time to do calculations, so be well prepared for
unexpected events. The following are the preparations that need to be done before cementing job
execution (Bush and O'Donnell, 2007; Drilling and Completion Committee, 1995):

1. Obtain the following information: hole depth, hole size with caliper data and required excess
factor, casing information (length, size and weight), drill pipe information (length, size and
weight), shoe track dimensions, length of rat hole, BHCT, BHST, any special well problem (lost
circulation, salt sections, etc.) and any other pertinent information.

2. Determine the required amount of dry cement or blend, total mix water, liquid additives (if any),
displacement volume and the resultant mix fluid volume.

3. Cdculate the pump rates, surface and bottom-hole pressures during the job, mixing time, job
time, and any other relevant information.

4. Cdculate aso the hydraulic lifting force that the casing string will experience just before the
plug is pumped. Thisisthe moment of maximum differential pressure.

5. Physicaly confirm that all the required equipment and materials (including mix water
quantities) have been delivered to the location.

6. Sometimes, cement blowing and sieving between silos is required and should be done prior to
the job.

7. Service company engineers and company representatives should independently recalculate the
dlurry volumes and displacements required. Changes to the original job program should be
mutually agreed to and verified.

8. Service company engineers and company representatives should also review the laboratory
blend results, paying specia attention to the thickening time and the required WOC. Check
whether the available pumping time as indicated by the lab thickening time test result is
sufficient for the planned job.

9. Develop apumping schedule based on the cement job simulator output.

10. Prepare a job plan that includes the following: rig up procedure, safety concerns, pressure
testing procedure, spacer type, density and volumes to be pumped, wiper plug, dart/ball
dropping sequence and procedure, conversion factors for calculating sacks per unit volume of
dlurry, and unit volume of slurry per unit volume of mix water, personnel requirements for the
job, and contingency plans for the unexpected (float equipment failure, loss of returns while
running in casing).

11. Rig up cementing equipment on location and discuss post job wash-up procedures and disposal .

12. The company representative should witness the installation of the float equipment and ensure
that casing centralizers are placed according to the centralizer program.

13. The company representative should also witness the pre-loading of top and bottom plugs into
the cementing head.

14. Complete the hook up of al equipment. As soon as the casing is landed, rig cementing head to
casing and begin circulation to condition the well.

6.2 Cement job execution

It is important to have a clear and simple written plan and for all cementing personnel to know the
procedure. During cementing, communication is often difficult due to noisy equipment and stress.
The following is a general procedure to be followed during job execution (Bush and O'Donnell, 2007;
Drilling and Completion Committee, 1995):
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10.

11.

12.

13.

14.

15.

16.

17.
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Conduct a safety meeting on the location with the cementing crew, company representative and
the rig personnel who will be involved with the job; review the job procedures, safety
procedures, and assign support responsibilities.

Pressure-test all high pressure lines and the cementing manifold with water or spacer prior to

pumping any fluid into the casing and reconfirm the maximum allowable pressures. Test

pressure should be at least 69 bars (1000 psi) above maximum anticipated pumping pressure

during cementing operations. Note: the cementing head is usually the weakest link during a

cementing operation and it should be noted that the cementing head maximum working pressure

is often below the casing burst pressure.

Pressurize the bulk cement tanks.

Use a data acquisition system to record pumping rate, density and volumes pumped during the

cementing job.

Start the pumping operation by establishing circulation from the cement equipment. Observe

mud tanks or pits for returns.

Pump water (spacer) which is meant to minimise contamination of cement slurry by the mud in

the annulus. The spacer should occupy 100 m of the annulus so as to provide sufficient

separation of mud and cement in the annulus; 3-8 m® of spacer is common.

The water spacer is followed with either 1.5 m® of high density polymer (water mixed with

viscosifying polyacrylamide polymer — 5-10 kg/m®) or 4.0 m® of scavenge cement slurry with a

density of 1.2 kg/l (10 ppg).

Mix and pump cement slurry as per design densities and rates. The pumping rate is 0.8-1.0 m”.

Measure and record the mix water and check electronic density measurements against the

pressurized mud balance measurements.

Collect samples of the dry blended cement and mix water as mixing progresses. Samples must

be taken in clean, well marked containers and stored securely at proper temperatures should

they be required for post job evaluation.

Take slurry samples during the job. Do not use the setting of the surface samples as a guide to

cement working time or drill out times. They do not accurately reflect the downhole condition

of cement during or after placement.

Observe the well for returns during the entire cementing process. If possible, record the volume

and densities of the returns.

Do not maintain the designed downhole rate at the expense of dlurry density. If the density

cannot be controlled within the acceptable limits (225 kg/m® or +0.25 ppg), the pump rate needs

to be adjusted until the slurry density control is acceptable.

Switch to water without shutting down and try to maintain a steady pump rate throughout the

displacement. Note:

a) Depending on the pump rate, additional pressure may be required to overcome friction
pressure. These pressures are calculated to determine the type of pump required, to ensure
that the cementing head is adequate and that there is no danger of bursting the casing.

b) To ensure the safety of the well, it is necessary to determine if it is likely that the well will
flow or be fractured during or after the cement placement. This is done by calculating the
hydrostatics at the critical pointsin the wellbore.

Bleed off the pressure. Check if the plug holds. If it does not, leave the casing valve closed to

provide a hydraulic lock. Bleed off the pressure every two hours until the cement is set or fluid

stops flowing out of the casing.

Apart from parameters recorded in 4 above, also record the following events: pressure test (psi)

and time, start time for the job, start and stop time for each fluid pumped, start of displacement

and any observed pressure.

Wait on cement for 20-24 hours before drilling. This is required in order that the cement

anchors the pipe and withstands the shocks of subsequent operations.

Store two of the samples at hole temperature to see when they harden.
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6.3 Post-job cement evaluation

To obtain a good cement bond, the annulus has to be filled to the surface by well designed cement
dlurry, based on wellbore conditions. There has to be an excellent bond between casing and cement
and between the cement and the formation. A primary cement job can be considered a failure if the
cement does not isolate undesirable zones. Thiswill occur if:

e There are water pockets in between casings;

e The cement does not fully fill the annulus;

e The cement does not provide a good seal between the casing and borehole and fluid leaks
through the cement sheath to the surface;

e The cement does not provide a good seal at the casing shoe or a poor |eak-off test is achieved.

When any of the mentioned failures occur, a remedial job, such as squeeze cementing, may be carried
out. The main method used to assess the effectiveness of the cement job is the acoustic log. Other
methods like a temperature survey and a radioactive survey exist but are rarely used in geothermal
wells.

6.3.1 Acousticlogs

There are two types of acoustic logs, namely: the
cement bond log and the variable density log and they
are usually done together. The acoustic properties of
cemented casing are influenced by the quality of bond
from casing to cement.

Cement bond log (CBL) — is a recording of the
amplitude of the first arrival of energy on the 1 m (3 ft)
receiver as shown on the CBL tool in Figure 24. They
not only detect the top of the cement, but also indicate
how good the cement bond is. The CBL toal is
basically a sonic tool which is run on a wireline. The
distance between transmitter and receiver isabout 1 m.  FIGURE 24: CBL tool (Weatherford, 1986)

The logging tool must be centralized in the
hole to give accurate results. Both the time
taken for the signal to reach the receiver, and
the amplitude of the returning signal, give an
indication of the cement bond. The speed of
sound is greater in casing than in the formation
or mud and therefore the first signals which are
received at the receiver are those which
travelled through the casing (Figure 25). If the
amplitude (E1) is large (strong signal) this
indicates that the pipe is free (poor bond).
When cement is firmly bonded to the casing
and the formation, the signal is attenuated, and
is characteristic of the formation behind the
casing.

Variable density log (VDL) — is optiona and
supplements the information given by CBL. It
is a full-wave display of the 5 feet receiver FIGURE 25 Receiver signals
signal.  The CBL log usualy gives an (Heriot-Watt University, 2010)
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amplitude curve and provides an indication of the
quality of the bond between the casing and cement.
On the other hand, VDL provides the wave train of
the received signal and can indicate the quality of
the cement bond between the casing and cement,
and the cement and the formation. The signals
which pass directly through the casing show up as
paralel, straight lines to the left of the VDL plot.
Figure 26 shows the difference in CBL and VDL
logs. A good bond between the casing and cement
and cement and formation is shown by wavy lines
to the right of the VDL plot. The wavy lines
correspond to those signals which have passed into
and through the formation before passing back
through the cement sheath and casing to the
receiver. If the bonding is poor the signals will not
reach the formation and paralel lines will be
recorded al acrossthe VDL plot.

It is recommended that a CBL log not be run until
24-36 hours after the cement job since cement
setting affects velocity and amplitude signals.

6.3.2 L eak-off test

It is important to have competent rock at the shoe

casing. A pressure test is done by drilling out the

shoe into a new formation (usually 3 m of a new

formation), then applying a pressure gradient above

hydrostatic pressure to the wellbore. It evaluates

the well’'s ahbility to withstand high pressures

without breaking down the formation or the cement

around the casing and is the basis of establishing

FIGURE 26: CBL/VDL plots the temperature to which the well can be drilled

(Heriot-Watt University, 2010) without setting another casing string. Clearly, if

there is no competent rock around the shoe, the wellbore will not be able to withstand a high pressure
gradient and the ability to advance the well to the desired depth/temperature will be compromised.

7. OTHER CEMENTING TECHNIQUES
7.1 Healing circulation losses during drilling by cementing

Many geothermal wells have to be drilled through fracture formations. Loss of drilling mud or any
other fluid put into the hole usually occurs, creating problems which are expensive to eliminate. LOC
during drilling can be obtained either by measuring the difference between the total drilling fluid
pumping rate and the returns flow measured in the flow line, using magnetic or sonic flow-meters or
by stopping the filling of the mud tanks and measuring the change in drilling fluid volume over a
certain time interval (sometimes 15 min). Circulation losses measurement should be done after every
4 hours of drilling. It should be noted that it is not possible to measure losses during aerated drilling
and if losses have to be measured, aerated drilling has to be stopped for a moment and measurement
done.
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LOC isthe primary problem in geothermal drilling and cementing and it is common to deal with much
higher LOC than in oil drilling. If the rate of returns becomes smaller and smaller until the mud loss
approaches 5 |/s, the normal procedure is to add LCM to the mud and hope that full returns can be
achieved. Quite often, thisis unsuccessful. If circulation losses encountered cannot be regained with
LCM, drill blind with water and high viscosity gel sweeps at every connection or more frequently
depending on the hole conditions. When drilling blind, the build up of cuttings should be monitored.
If the total loss of circulation is experienced and persists, drilling has to be stopped and the loss zone
cemented after drilling a 30 m rat hole by placing a cement plug. Wait 4 hours before trying to fill the
hole. This allows the cement durry time to thicken and become more resistant to flow when subjected
to an increased hydrostatic head. After waiting for 4 hours, an attempt is made to fill the hole,
pumping 15% more than required without getting returns. The decision has to be made whether to
wait longer or do a second job. Normal practice in geothermal well lost circulation cement plug jobs
is to do a second job when unable to fill the hole following the first job. The second job is done
similar to the first, only waiting longer for the cement to set. Eight hours following the second job, the
hole is filled and the drill pipe lowered to tag on hard cement (Shyrock and Smith, 1980). Cementing
L OC zones may often be unsuccessful if the cement cannot bond well with the walls and can shave off
during further drilling. Thus, it is advantageous to put a colour identifier in the cement to identify
different LOC cement jobs and know which one is breaking down.

When cement has proven unsuccessful as a cure for lost circulation during drilling, it is time to
consider a new approach. This would involve pumping another material into the hole ahead of the
cement. One such material is Halliburton’s Flo-Chek chemical. It isa colourless liquid that instantly
forms a stiff gel sealing off lost-circulation zones by blocking flow channels and fractures and also
helps prevent slurry migration down away from the plug location. The procedure would then be to
pump some water through the open-ended drill pipe as near the lost circulation zone as possible,
following it with 4-8 m® of LCM material. A 0.8-1.5 m® spacer of fresh water should follow the LCM
material, then 3-6 m* of cement slurry. Displace with water until the LCM material has been displaced
from the drill pipe. Then pull the drill pipe above the cement and circulate at alow pressure to fill the
hole. If returns are obtained, the cement needs 8-10 hours to harden (Shyrock and Smith, 1980).

7.2 Cement plugs

At some stage during the life of a well, a cement plug may have to be placed in the wellbore. It
involves the placement of a relatively small amount of cement slurry inside an open hole or inside a
casing. The main reasons for setting a cement plug are:

To sed off lost circulation zones;

To sidetrack above afish or to initiate a sidetrack;
To plug back a zone or abandon awell;

To isolate a zone for formation testing.

The two common techniques for setting a cement plug are the balanced plug and the dump bailer.
7.2.1 Balanced plug technique

This method aims at achieving equal height of cement in both the drill pipe (stinger) and annulus.
This is to ensure that the hydrostatic pressures inside the drill pipe and annulus are exactly the same.
If the heights are not the same then a U-tube effect will take place and as a result, will lead to
contamination of the cement slurry. The stinger length should be the plug length (150 m plugs are
common) plus 30 m. The setting procedure, asillustrated in Figure 27, is as follows (Rabia, 2001):
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a Run the stinger to,
say, 90 m below the
bottom setting depth
for the plug.

b) Spot a viscous mud
pill having the same
density asthe mud in
hole. The volume of
the pill should be
sufficient to cover
the 90 m interval. A
pill is not required if
the cement plug is to
be set on the bottom,
or on top of a bridge

plug (cement
retainer).

c) Pull the stinger back
to 90 m.

d Pump a 1530 m®
spacer  (pre-flush).

Report 10

FIGURE 27: Baanced plug method (Rabia, 2001)

The exact volume will depend on the hole size. Pump a sufficient volume of slurry for the 150
m plug or as specified in the drilling program. The slurry should be displaced at maximum rate.
The rate should be slowed down to around 0.3 m*/min when the cement is 1.5-3.0 m* away from

the ported sub in the stinger and kept at thisrate.

e) Pump sufficient spacer behind the cement to balance the pre-flush.

f)  Displace the mud to the balanced position.

g) Pull back slowly to at least 150 m above the top of the plug and reverse circulate clean.

Note: If aseries of plugs are to be set on top of each
other, then reverse circulate immediately above the
bottom plug before attempting to set the next plug.

h) Thedrill pipe can then be pulled out of the hole.

The calculation on plug balancing is shown in Section 8.4.
7.2.2 Dump bailer technique

The dump bailer technique, shown in Figure 28, alows the
placement of a cement plug by wireline techniques. A
permanent bridge plug is set below the required plug back
depth. A cement bailer containing the slurry is then lowered
down the well on wireline. When the bailer reaches the
bridge plug, it is opened electrically or mechanically and the
durry is released and sits on top of the bridge plug. The
advantages of this method are that the depth control is good;
it reduces risk of slurry contamination and is a relatively fast
and inexpensive means of setting aplug. The disadvantage is
that only small volumes can be set due to the limited capacity
of the bailer and it is also not suitable for deep wells unless
retarders are used.

FIGURE 28: Dump bailer method
(Heriot-Watt University, 2010)
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8. CEMENTING CALCULATIONS
8.1 Case studies— single stage cementing and inner string cementing

In this section, two scenarios are shown in order to
understand the calculations for both the single stage
cementing technique used in Kenya and the inner
string cementing technigue commonly used in Iceland.
Cementing of the anchor (intermediate) casing is
shown for both methods.

Rotary table bushing

Height of casing
above surface (11.9 m)

\|, Surface (0 m)

Previous casing Casing/casing annuius

8.1.1 Well OW-910in Olkaria Domesfield, Kenya
— Single stage cementing oresions casie depth
(512m)

Well OW-910 anchor casing, 13%" was cemented in Openhole
place with a single stage cementing operation. The
details of the operation, as shown in Figure 29, are as
follows;

New casing
Casing/hole annulus

Displacement water

Casing: 134" 54.50 Ib/ft, K-55 casing set at:  294.7 m

Float collar joint

Drill bit: 17%2" hole depth: 296.3m Float collar (284.1m)
Previous casing: 20" 94 |b/ft Shoetrack ~1 casing joint
Previous casing shoe depth: 51.2m

New casing depth

The casing was cemented with Portland class A ) (284.7m)
. . . . .. Rathole New hole depth

cement with the following specifications and additives: (2963 m)

FIGURE 29: Well OW-910 anchor casing

Guide shoe

Slurry density: 1.7 kg/l (14.4 ppg)

Slurry yield: 901 I/ton of cement
Water requirement: 550 I/ton of cement blend
Thickening time (70 Bc): 261 min

Additives (dry) BWOC: LCM — mica flakes (3.0%), lightweight — Wyoming bentonite (2.0%), fluid
loss control (0.3%), friction reducer (0.3%) and retarder (0.3%).

A. Slurry volume calculation, Vg

The total slurry volume Vs needed is shown as brown in Figure 29. It is calculated by splitting the
volume in few steps and then calculating an excess on the volume in the open hole section, where
dimensions are not as well known due to hole enlargement:

Vs = Vshoetrack + Vrathole + Vopenhole + Vcsg + Vexcess (1)

where Vinoerrack= The cement volume left inside the casing below the float collar;
Veathote = The cement volume in the open hole below the guide shoe;
Vopennote = The cement volume in the annulus between the casing and the hole wall
(up to the previous casing shoe).
Vesg = The cement volume in the annulus between the casing and the previous casing;
Voxcess = Theexcess added for the uncertainity of the open hole volume.

The volume, V, in I/m of annular space may be calculated using (Gabolde and Nguyen, 2006):

V =0.0007854 (D2 — D7), where D isin mm (2a)
or V =0.5067 (D2 — D7), where D isin inches (2b)
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Capacities are as follows:

Casing capacity (13%"): 80.64 I/m;
Casing displacement (134"): 90.65 I/m;

(Note: that the steel volume is equal to the difference in the numbers above)
Capacity of open-hole (17v%"): 155.18 I/m;
Annulus capacity - open hole and casing: 64.53 |/m.

Venoetrack = 80.641/m x (2947 m—-284.1m) x 1 m*/ 10001 = 0.9 m®
Vyathote = 155.18 1/m x (296.3m—294.7m) x 1 m>/ 10001 = 0.2 m®
Vopenhote = 64.531/m x (294.7m-51.2m) x 1 m*/ 1000 | = 15.7 m®

Capacity of previous casing (20"): 185.321/m
Casing displacement (13%"): 90.651/m
Capacity of casing annulus: 94.7 1/m

Vesg =94.671/mx51.2mx1m*/10001 = 4.9 m®

Safety excess factor of 50% on an open hole is used (a rule of thumb where no caliper measurements
are available), hence:

Calculated volume:

Shoetrack, Vsppetrack: 09m
Rat hole, Vygthote: 0.2m°

Open-hole annulus, V,pennote: 15.7m*
Casing annulus, V., 49m®
Calculated volume: 21.7m®

Vxcess = 16.8 m*x 50% = 8.4 m®

50% safety margin in open hole 84m’
Total slurry volume, V;: 30.1m?

B. Displacement volume
This is the internal volume of casing between the cement head and the float collar (shown in bluein
Figure 29):

Therefore displacement vol. =80.641/m x (2841 m+11.9m) x 1 m*/ 10001 = 23.9 m?

C. Placement duration, T,
Slurry pump rate used = 900 I/min
Displacement rate = 900 I/min

I - vol.of slurry_l_ displ. vol. + ol d time + . » 3)
P = ump rate displ. rate plugs drop time + contingency time

Duration (min):

Slurry mixing and pumping: 33
Displacement time: 27
Plugs dropping time: 15
Contingency time: 60

Total placement duration: 135 min
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D. Pump pressureto land the plug, P,

B, = hydrostatic pressure outside casing — hydrostatic pressure inside casing  (4)

Density of cement dlurry: 1.7 kg/l

Density of fluid inside the casing: 1.0kg/l

Collapse pressure limit for casing: 7.8 MPa (78 bars)

Hydrostatic pressure (Pa):
Py = pgH )

Hydrostatic pressure outside the casing: 49.7 bars

Hydrostatic pressure inside the casing: 30.8 bars

Pressure to land plug (excluding friction pressure): 18.9 bars

E. Amount of cement blend and mix-water

Slurry volume

(6)

Amount of cement blend = Shurry yield

Therefore, the amount of cement blend = 33,074 kg
Mix water = water requirement per ton of blend X amount of cement blend @)

Therefore, mix-water required = 18.2 m®
8.1.2 Well HE-53 in Hverahlid field, Iceland — Inner string cementing

Well HE-53 anchor casing, 134" was cemented in place with an inner-string cementing operation.
The details of the operation, as shown in Figure 30, are as follows:

13%:" 68.0 Ib/ft casing set at: 3025m
17%2" hole depth: 304.5m
18%" 87.5 Ib/ft previous casing shoe depth: 69.0m
Cement. string (drill pipe) nominal size: 5", 19.5 Ib/ft

The casing was cemented with class A cement with the following specifications and additives:

Slurry density: 1.67 kg/l
Silica (Sibron M-300): 40% BWOC
Lightweight agent, perlite: 2% BWOC
Bentonite (Wyoming): 2% BWOC
Retarder: 0.5% BWOC

A. Slurry volume calculation
Capacities are as follows:

Casing capacity: 78.11/m
Capacity of open hole: 155.21/m
Annulus capacity — open-hole and casing: 64.51/m
Capacity of casing/casing annulus: 69.11/m
Capacity of the drill pipe: 9.11/m

The volume of the hole was measured using a caliper log as shown in Figure 31. The volume obtained
with the caliper log was 26.1 m®. To get the open-hole volume, the volume between the casing string
is subtracted from the caliper log volume.
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A 20% safety excess factor is used in the open hole section with a caliper log measurement (a rule of
thumb where a caliper measurement is available).

Caliper vol. (m°) Calculated vol. (m?)
Shoe track: 1.6 1.6
Rat hole & casing/open hole: 21.3 154
Casing/casing annulus. 4.9 4.9
Total volume: 27.8 21.9
20% and 50% excess respectively: 4.3 7.7
Total slurry volume: 3321m 29.6 m*

In this case, the rule of thumb method works well comparing with and without a caliper log. Caliper
logs should be used because the hole washout and caving can sometimes be excessive and thus an
excess factor based on local and previous wells should be used if available.

B. Displacement volume
Thisistheinternal volume of adrill pipe between the rig floor and the stab-in collar.

Therefore displacement vol. = 2.64 m®

Rig floor — |
Height of drill pipe
above surface (8 m)
J; Surface (0 m)
Previous casing Casing/casing annulus
s
Drill pipe [
Previous casing depth
(69.0 m)
Openhole
New casing
Casing hole anmulus
/
Water ]
Stab-in collar joint
Stab-in collar — (282.5m)

2 casing joints ‘

Shoe track —L

Guide shoe _— New casing depth

(302.5 m)

Rathole = New hole depth
(304.5 m)
FIGURE 30: Well HE-53 anchor casing FIGURE 31: Well HE-53 caliper log

C. Placement duration, T,
Slurry pump rate used = 1000 I/min
Displacement rate = 1000 I/min

vol.of slurry  displacement vol.

Tp= + contingency time 8
P= “pump rate displacement rate © O IENYH 8
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Duration (min)

Slurry mixing and pumping: 32
Displacement time: 3
Contingency time: 60
Total placement duration: 95 min

Note: The displacement time is much shorter in inner string cementing compared to single stage
cementing which in turn leads to reduced placement duration.

D. Maximum pump pressur e at surface, P,

P, = casing collapse pressure limit — dif ferential hydrostatic pressure at collar joint (9)

Density of cement dlurry: 1.67 kg/l
Density of fluid inside the casing: 1.0kg/l
Collapse pressure limit for casing: 13.4 MPa (134 bars)

It is necessary to have the casing full of water/mud at all times during a cementing operation to
minimise chances of collapsing the casing. The weakest point in the casing and the most susceptible
to collapseisthe stab-in collar joint. Using Equation 5:

Pressure (bars)

Pressure from cement slurry at the collar joint: 46.3
Pressure from fluid inside casing at collar joint: 28.5
Differential pressure at collar joint: 17.8
Collapse strength of casing: 134.0
Maximum pump pressure at surface: 116 bars

Note: Due to the friction in the drill pipe string, the downhole pressure will be lower.

8.2 Cement durry design

Cement dlurry is to be prepared using Class A cement and fresh water using the following dry-mixed
additives BWOC: 40% silica flour, 2% bentonite, 2% perlite and 0.5% HR-12 retarder. The cement
durry density, water volume and slurry yield is calculated for 100 kg of cement.

Slurry density d is given by:

mass of (cement + water + bentonite + silica + perlite + retarder)

(10)

~ Volume of (cement + water + bentonite + silica + perlite + retarder)
The specific gravities of cement, bentonite, silicaflour, perlite and HR-12 retarder are 3.14, 2.65, 2.63,
2.2 and 1.22, respectively (Bourgoyne Jr. et a., 1991). Using the materials' specific gravities in
Equation 10, slurry density, d, isthen given by:

100+e+(Z+Db+ Y +D)s+X+Dp+r

d

~100 e 1 1 1 r (11)
312t 1t (Z + 2.65)b + (Y + 2.63)5 (X + ﬁ)p 122
Water volume, E is given by:
E=e+Zb+Ys+Xp (22)

Note: Thereisno water requirement for HR-12 retarder (Bourgoyne Jr. et al., 1991).
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Slurry yield vis given by:
100 b s p r

_ . 13
314 7265 1263 T2z T1p et ib A Ys AP (13

Data values are as follows;

v

e= 461 for class A cement

Z =531 per kg of bentonite when dry mixed (Gabolde and Nguyen, 2006)
Y=0.41 per kg of silica

X =7.81 per kg of perlite (Bourgoyne Jr. et al., 1991).

Equations 11, 12 and 13 give the following solutions for 100 kg of cement:
Slurry density, d =1.69kg/l; Water volume, E =88.21; Slurry yield, v=137.31.

|

1 ~*

FIGURE 32: Forces acting on casing
while cementing (Nelson, 1990) FIGURE 33: Balanced plug

8.3 Pressuretolift the casing

There may be danger of the casing being pumped out of the well, especially surface and intermediate
(anchor) casing. Conditions which favour such an occurrence include: lightweight casing, short
casing string length, large-diameter casing, high-density slurry, low-density displacement fluid and
high annular friction pressures. The forces acting on the casing while cementing are as shown in
Figure 32. Under static conditions, differential pressure AF is given by:

AF = (P, x A) — (W, + W) (24)

When pumping, the pressure acting on the cross-sectional areainternal diameter (D) must be added to
Equation 14 as shown below:

AF = [(P, x A+ (B, xa)]— W, +Wy) (15)

If AF is positive, the casing may come out of the well. The value of P,giving aAF value of zero is the
critical pump pressure above which the casing may be pumped from the well. The cementing service
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crew should ensure that the pump pressure during cement placement does not exceed this value unless
the casing is restrained (Nelson, 1990).

The case study in Section 8.1.1 for well OW-910 is used to check if there is danger of floating the
casing out of the well: 133", 54.50 Ib/ft (79.5 daN/m) anchor casing which was set at 294.7 m depth
with 1.7 kg/l cement slurry and 1 kg/l water for displacement, the float was set at 284.1 m. Casing
external diameter (D) is339.7 mm and internal diameter (D;) is 320.4 mm. Under static conditions:

AF =[1.72 x 10° x 9.81 x 294.68 x n/4 x (339.7/1000)7] - [((294.68 + 11.9) x 79.5) +
(1.0 x 10° x 9.81 x (284.12 + 11.9) x /4 x (320.4/1000)%) + (1.72 x 10° x 9.81 x
(294.68 — 284.12) x m/4 x (320.4/1000))]
=178 kN

From the above calculations, it can be seen that the casing will come out of the well even in static
conditions.

The pump pressure, P, to pump the plug as calculated in sub-section D of section 8.1.1 is 18.9 bars.
Apart from the positive upward-acting differentia force, with the pump pressure acting on the inside
of the casing, the additional force due to pump pressure F, is:

Fp =152 kN
Therefore, the total force, F+, acting on the casing is:
Fr=330kN

In this case, the total force acting on the casing while cementing is acting upwards and unless the
casing isrestrained, it could be lifted out of the well. The rheology of the slurry also creates friction to
prevent the casing from moving up.

8.4 Cement plug balancing

A cement plug isrequired in a 12%4" open hole, as shown in Figure 33, with a length L of 90 m by use
of a5", 19.5 Ib/ft drill pipe. The plug isto be set at 725 m depth as shown in Figure 33 and 1.5 m® of
polymer spacer Vg (1.0 m? polymer and 0.5 m® water) is to be used as pre-flush ahead of the cement
durry.

Open hole capacity Cy: 76 1/m
Drill pipe capacity Cgp: 9.11/m
Length of drill pipe being used D: 733 m
Annulus capacity between drill pipe and open hole Cyy: 63.41/m

The required volume of cement (Vo) IS given by:

cht =L X Ch (16)
Thus:
— — 3
Veme = 90 X 1000 — 6.84m
The length of the balanced plug Lp (with work string in place) is given by:
cht
Lp =———7— 17
P Can + Cap (17)
Thus:
6.84
L =943 m

" (16036%)) + (1%30)
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The displacement volume (Vy) is given by:
Va=Caqp X (D —Ly) (18)
Thus:
Vy=57m’

The following should be noted when placing a cement plug:

1. In practice, the cement is frequently dightly under-displaced from the balance point to allow
cement slurry to fall while the pipe is being pulled, filling the space that was occupied by the
drill pipe.

2. High density spacer (polymer) is pumped ahead of Slurry and water spacer is used for
displacement.

3. Itisgood to rotate the drill string while setting the plug to monitor that it is free.

4. Thereisarisk of cementing tubing getting stuck, especially when the duration of placement is
longer. The use of drill pipe wholly as a cementing tubing is not recommended. In Iceland,
342" fibreglass cementing pipes are being used at the lower portion of the cementing string
which can be drilled out.

9. CONCLUSIONS
The main conclusions of this work can be summarized as follows;

e A good and sound cement sheath is achieved when the wellbore is well conditioned before
running the casing. It must be ensured that drilling mud cake is removed as much as possible as
this ensures proper bonding between the casing and formation.

e The casing string should be well centralized in the wellbore to attain a good cement sheath all
around the casing. Thiswill be achieved by ensuring the minimum stand-off of 70% in critical
sections of the well.

e  Bottom hole circulation temperature is very critical in the design of cement slurry and accurate
prediction is necessary asit affects the slurry thickening time and rheology.

e The inclusion of silica flour in the design of cement durry for geothermal wells ensures
longevity of the well since it helps prevent strength retrogression which occurs when cement
sheath is exposed to elevated temperatures of more than 120°C.

e The conditions encountered in the wellbore vary from one well to another and therefore pilot
tests of cement dlurry should be conducted for each cement operation.

e Cementing calculations have to be done cautiously, taking into consideration the experience of
the field being drilled, to ensure that correct volumes are pumped to avoid cases of wet shoe that
come as a result of over-displacement of cement. This also ensures that pressure limits are not
exceeded resulting in burst casings or fractured formations.
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NOMENCLATURE

Cross-sectional area (m?);

Cross-sectional areafor casing ID (m?);

Weight of bentonite per 100 kg of cement (kg);

Casing;

Slurry density (kg/l);

Inside diameter (mm);

Outside diameter (mm);

Volume of cement hydration water in relation to cement (1);
Acceleration due to gravity (9.81 m/s?);

Fluid column height (m);

Weight of perlite per 100 kg of cement (kg);

Pumping pressure (N/m?);

Hydrostatic pressure of cement slurry (N/m?);

Weight of retarder per 100 kg of cement (kg);

Weight of silicaflour per 100 kg of cement (kg);

% Slurry yield (1);

Vshoetrack = The cement volume left inside the casing below the float collar
Veathote = Thecement volume in the open hole below the guide shoe
Vopennote = The cement volume in the annulus between the casing and the hole wall

(up to the previous casing shoe).

@UQJ:D

og0o
S =

©

»w S DUV IQ®

Vesg = Thecement volume in the annulus between the casing and the previous casing
Voxcess = Theexcess added for the uncertainity of the open hole volume

Vs = Total durry volume,.

Wc = Casing weight (N);

Wy = Weight of fluid inside casing (N);

X = Amount of water per kg of silica(l);

Y = Amount of water per kg of silica(l);

4 = Amount of swelling water per kg of bentonite (1);

p = Fluid density (kg/m°).
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