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OUTLOOK

RESOURCE CLASSIFICATION
SIMPLIFIED GEOTHERMAL UTILISATION DIAGRAM

Maximum
250°C saturated
steam enthalpy

(@ 3,48 kPa)

Critical Point 150°C

for pure water
(@ 22,12 kPa)

100 - 110 °C

90°C

80°C

50°C
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OUTLOOK
GEOTHERMAL CONTINUUM
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OUTLOOK
EUROPEAN GEODYNAMIC ENVIRONMENTS
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OUTLOOK

GEOTHERMAL H&C AND POWER PRODUCTION
A SYSTEM OVERVIEW
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OUTLOOK
GEOTHERMAL RESOURCE UTILISATION POTENTIAL

A TENTATIVE ASSESSMENT
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KEY ISSUES
WORLDWIDE GEOPOWER
HYDROTHERMAL POTENTIAL

SOURCE: GLITNIR
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KEY ISSUES

DEVELOPMENT OF GEOPOWER SOURCES
PRESENT (2012) AND PROJECTED (2030) STATUS
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GEOHEAT




KEY ISSUES
GEOHEAT
PAST, PRESENT AND PROJECTED STATUS

A. WORLDWIDE B. EU 27
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KEY ISSUES

R&D TARGETS
INCREASE GEOTHERMAL SHARE BY

o MAXIMISING THE RESOURCE

o MINIMISING THE RISKS

o OPTIMISING HEAT EXTRACTION
o REDUCING COSTS

o MATCHING H&C DEMAND

O

LAST BUT NOT LEAST ACHIEVING
SUSTAINABLE MANAGEMENT
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3D REGIONAL GEOLOGICAL MODEL

Borehole data:
logs and lithostratigraphic columns _ _
Seismic data

I
| |
|
i
MM, | 2364 2387 1 Upper Anhydrite Member
2387 2622 Z15alt Member
NN 2622 2661 71 Lower Anhydrite Member
2661 2678 I1 Lower Claystone Memnber
—_ | 2E7E 2679 Coppershale Member
Freie] 2679 2888 Slochteren Formaticn
—_— 2888 2913 Caumer Subgroup

Interpolated data extracted from existing

DEEL4092 ECOAC databases and geological atlases
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RESERVOIR ASSESSMENT
EFFECTIVE THICKNESS (NET PAY)

FLOWMETER LOG OF RESERVOIR SECTION
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RESERVOIR ASSESSMENT
GOCAD 3D VIEW OF THE SANDWICH
MULTILAYERED RESERVOIR STRUCTURE

CAPROCK

P RESERVOIR

IMPERVIOUS
LAYER

RESERVOIR

BEDROCK
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WELL TARGETING

NEW GENERATION OF HYDRAULIC NOVEL COMPACT
HEAVY DUTY RIG HYDRAULIC RIG DESIGN

SPECIFICATIONS TBA 300

Mast

Statichookload ..................
Max. stroke height. %
Overall height (fromGL) ............ o

Draw Works
Hybrid draw works

Winch (casing installation)

G R S S P e s
Single line pull 5o

SUOKRS iWirati s shb sastighsnssisds ous

Drill pipe length (super single range Ill) . 12,4m. ... 58
max. casing length (class Rangelll) ... 14,6 m............couounns

Crowd cylinder (DP installation)
Pull

Push

Stroke

Top Drive

B )T L R TR RS A D RN b AR IR D p e TDK 65 hydraulically driven
Rated input 711 HP

Break out torque (Max.). . ........... 65kNm ...

BOtAHON SPBBd. /¢ Th L i Tt Ts e s e ve & S a e alhie s o o ara e Bdta
Electro-Hydraulic Powerpack
BOUNGRG i h e vs sl n s e v s os s BI0KW:. i isn v oiinhas: 1,086 HP
Iron Roughneck
............................................... Varco ST 80
............................................... Varco PS 21
................................................... Bentec
.................................. 135/8
............................... 345bar................5,000 psi

Source: HERRENKNECHT Source : BAUER
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MOLASSE BASIN, MALM RESERVOIR
TYPICAL WELL TRAJECTORIES

Horizontal Displacement [m] | 1
c-;1000 3500 -3000 -2500 -2000 -1500 -1000 500 0O 500 1000 1500 2000 2500 3000
Category 1: | Category 2: ‘
500 { 6.1/8" final diameter, 8.1/2" final diameter, ' A
< 3500 m depth, | >3500 m depth, ' 1
1000 { district heating. : : | power generation
and/or district heating.

1500 /

. / ST o
A *

- , / / N \\

Depth TVD [m]
2

3500
4000 4 — —
4500
| \_U
g L= '
> Source: Erdwerk 2014 D-GEO-DAYS PARIS
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TYPICAL GDH SCHEME

— a ]
C o [ T . '
| | = E
- |y om] - |
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| i i 8
| . 3
4
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u
4 1 Production well
2 Submersible production pump
1 3 Injection pump
4 Injection well
d 9 5 Geothermal heat exchanger
6 Back-up (peak-load)/relief boiler
/ 7 Heating grid
/ 8 Substation

9 Geothermal reservoir (Dogger limestones)

10 Cooled fluid zone
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WELL ARCHITECTURE
CLASTIC RESERVOIR

Al B |l c | b |l e ]| F |l e |l ]| 1 | v ] k| L[M]|N]oOo|[]PrP]| al|R
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2 200y
0 e . D24 D24
] . B o e s it CSG 18 5/8 CSG 18518
CSG = casing diameter (in) |
3 = LIN  =liner diamater (in)
o) WRS = wire wrapped scresn diameter (In} Kd)P
- KOP = kick off paint (m)
ooy TVD =trus vertical depth (m)
B2 = coment
4 ] I = gravel pack
. 5 48
1000y |
5 1100 174 m
1200}
1800
6 1400}
|| ol LH133/8x103/4 | LH133/8x103/4
150y
7 1700
|| 1600
o LH 10 3/4 x 8 5/8 LH 10 3/4 x 8 5/8
8 2 |
|| oo TVD 2400
= TVD 2450 D812
9 229 B'g }’52 UR 15
|| #  WRS85/8 YRR
2808
10 o
| 27
Dessiné par | Approuvé par SIGNATURE DIE12*** Date Echelle
N. BADRI Pierre UNGEMACH 04/10/2012 aucune
Brabant Water GPCIP
PN2 Business Park Bét.4A (I\b
Well profiles Feuille N* 165 rue de la Belle Etoile - BP55030 9
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(SUB)HORIZONTAL WELL DESIGNS




SUBHORIZONTAL WELL TRAJECTORIES
AND CONVENTIONAL FALL BACK OPTION

GCAH1
PRODUCTEUR
PROFONDEUR ScAM2 SEARL PROFONDEUR
COUPE DU PUITS COUPE DU PUITS
VERTICALE (m/sol) D'INJECTION DE PRODUCTION VERTICALE (m/sol)
0 50‘ : | L -0
Eocéne Calcaires, sables, argiles 50 cp 5 CP 50 - 50 Eocéne Calcaires, sables, argiles
Sénonien  Craie blanche a silex. ! Sénonien  Craie blanche a silex.
T20 | T20
F24 l Z F24
T16 Z I Z T16
Turonien Craie grise a silex. : bv [ Turonien Craie grise a silex.
Cénomanien Calcaire silto-sableux,argileux ' 2 Cénomanien Calcaire silto-sableux,argileux
Gault Argiles gris-sombre. | = Gault Argiles gris-sombre.
Albo-Apti Sable glauconieux T16 4 T16 Albo-Apti Sable glauconieux
o-Aptien (Ae( arlgiles). ] F17 112 | F17 112 o-Aptien (et argiles)
gia rgile a intercalation . gin Argile a intercalation
Barrémien o sable (et lignite). T103/4 | T103/4 Barrémien e sable (et lignite).
Néocomien Sables et argiles. g Néocomien Sables et argiles.
Purbeckien Marnes et dolomies. | Purbeckien Marnes et dolomies,
Portlandien Calcaires et marnes. I Portlandien Calcaires et marnes.
£ = 1000
immeéridgien Marnes et argiles calcaires. I Kimméridgien Marnes et argiles calcaires.
A < T103/4 I T10 3/4
Séquanien  Calcaire plus ou moins : .
? oolithique. F14 3/4 | F14 3/4 Séquanien call"::l'm plus ou moins
Rauracien  Calcaire plus ou moins 5 . oolithique. .
oolithique. | Rauracien  Calcaire plus ou moins
= - ] oolithique.
Argovien rjg:;:,‘ argiles | Argovien Marnes et argiles
Oxfordien  Gacare urglosableux. repli - e esbieus
Callovien Argiles et marnes sidetrack el Oxfordien Marnes sableuses et grés.
Bathonien  Cakaires micriiques graveleux et colithiques. [ = =~ L 1500 Callovien Argiles et marnes
’ ey B 1630 Bathonien  Calaires micritigues gravelesx et colthiques.
Lp7 (opition) DV = diverting valve Lp7 (option)
(anneau de cimentation étagée)
F = forage
T = tubage
LP = liner perforé
(colonne perdue lanternée)
v /2 =ciment v

DCE14092 ECSAC 22
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SUBHORIZONTAL WELL TRAJECTORIES
AND CONVENTIONAL FALL BACK OPTION
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DUAL COMPLETIONS
GEOTHERMAL DISTRICT HEATING &
COOLING (GDHC)

MEDIUM DEPTH SEATED RESERVOIRS

g.:;‘.: Lt
Ne Thickners | Transmissivity |
Depth (m) (m?/s) | 9% .
0 121Jm!so|.i:". s.q o s 4. B
625 = —ruy it s g -
12,5 1 25 5 ](13 DV IS v"”\‘
200m/sols = = 8.5 @ - B T allei o = Slhas ey
38 2 20 k,=15mD - 1¢ )
695 57,5 1 25 5107 : L !
575m/sol s = »
Aquitard . 4
- {§] ¢ =0. 26m/sol » « « be
LY (Barremien) 3 W k=0.1mD e
695 Mol « » »
775misol « s« P e . a3 e g 2 “ .-
1575 4 15 3510° 530 mieole + o+ RARRI——IE Ak pags)—igans
775 - 5 20 k,=5mD Key- Producer Injector
F : drilling
825 192, 4 15 3.510° T: casing
200 - TC : screen
SF : underreaming
BC : sealing gel plug
GP : gravel pack
AQUIFER SYSTEM DV : diverting valve GDHC DOUBLET COMPLETION
(innestring option)
LH : liner hanger
/.
\
G
(\ ;
iP DCE14092 ECSAC 25




ANTI-CORROSION WELL COMPLETION

MANCHETTE
D’EXPANSION ...

ANNULAIRE LIBRE
FREE ANNULUS

RECEPTACLE
SIEGE
SEAT

TUBE COMPOSITE

FIBERGLASS CASING CENTREURS

ENTRALIZERS

TUBE ACIER
STEEL CASING

DCE14092 ECSAC 26




SOLUTION GASES
GAS ABATEMENT LINE




WATER INJECTION
MEDIUM AND LOW ENTHALPY RESERVOIR
ENVIRONMENTS
o Permeability impairment

ARGILLACEOUS FLUID
SANDSTONE
) Suspended
Corrosion Gas particles in
of tubing Bacteria bubbles the fluid
Matrix
Precipitation
of chemical
/ species
Q \\\\\\\ Q Temperature
Internal Pressure x\\\\\\\
: ‘ External
\ particles +— Velocit E—
\\\\\\\\\& Salinit: s ;\)a\rsu\: !\e\s \\

pH

> Pore throat <«
plugging

v

Permeability
impairment

Gy

(J—/’ Permeability impairment induced by particles [European Commission, 1997]

—

X 4

DCE14092 ECSAC

IP




WATER INJECTION

PARTICLE INDUCED DAMAGE

325

Internal particle invasion

300 r‘/J}/D’D/m
D)YD/—
s
L~
<275 f“D/D/T
; WWMW
Ua, /ﬁf Filter cake build up
250 ;5
I
d
|
b

225

200
0 1 2 3 4 5 6

INJECTION DURATION (hours)

/|
/ N\
fll (]}) —o—WELL1 (flow rate : 130 m*/h) ~o—WELL2 (flow rate : 120 m*/h)
| |

DCE14092 ECSAC 29 I
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GEOTHERMAL BRINE PROCESSING
(3 PHASE SEPARATION, 2 STAGE
FILTERING, DOWNHOLE CHEMICAL
INHIBITION) I

Gas (abatement or recovery) Heatin
eating

Grid
Brine
3 Phase
EO| [ Separator l > >4
(storage)
>4 U >4 Geothermal
< HEX 4
MP
o p P
Chemicals Pre-filtering
(coarse to medium)
A 10-15 ym
Downhole
Injf_ctlon 63 Master
ine Valve >
@ Esp Filtering
Below (fine 5-1 ym)
degassing

level A production Injection ¥,

DCE14092 ECSAC 30 I
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PROBLEM AREAS
THERMOCHEMICAL SHORTCOMINGS

CORROSION AND SCALING
DRIVING MECHANISMS OF CASING DAMAGE
AQUEOUS CO2/H2S ENVIRONMENT

Chemical reaction:

o Na+ gé
CcO, + H,0 > H.CO Steel casin o Cl- §8
2 2 2 3 9240 Cat+ O o9
) ° @) Mg++ gg
2H,CO3=> 2H" + 2HCO; 9 O Fet+ 4 02
2+ - + + 5 o3
Fe + 2HC03 + 2H 9 2H + FE(HCO) 2 SOIUbIe ANODE g Fe++ \Fes §g
o HS- g0
H,S + H,0 - H* + HS + H,O ° 09
. ° HCO3- 0
Fe > Fe™" +2e ° °
2 \ : e °
Fe”"+ HS = FeS + H' CATHODE L 58 :
‘\\:%\i\:\‘\i\:\:\i\‘ gg @) g
Corrosion induced and native 3 HS- °
2H" +2¢ > H, WNges © :
UPWARD FLOW
forpH=6 DIRECTION
2+ . Iron sulphide particles removed from
C H,S + H,O + CO, + Fe (natlve) casing wall and/or produced by soluble ions
1)
C

iP DCE14092 ECSAC 31




THERMOCHEMISTRY

DOWNHOLE CORROSION/SCALING INHIBITION AUXILIARY
INJECTION TUBING (AIT) SET UP




Orientation Operational Specifications
system — >
Max. Temperature ~ 300°C for 10 hours.

Acoustic__ Max. Pressure 800 Bar (circa 12,000 psi)
transducer Borehole Diameter ~ 102-635 mm ( 4-25 in)
. T Tool Diameter 85 mm (3.38 in)
g —_— Tool Weight 150 kg

mirror
Tool Length 5.2 m with inline centralisers
100% of borehole

Image coverage

Max. deviation 90°

Logging speed Variable; Optimum circa 3m/min

Borehole wall

Source: ALT (2013) & Tiger Energy Services (2013)

0° 180° 360°

*Borehole televiewer
amplitude imaging

Depth

\ Source: MC Lean
& Mc Namara (2011)

28
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*Tool description & performance

HIGH TEMPERATURE OPENHOLE LOGGING
o Acoustic Borehole Imager (ABI) / televiewer (AFIT)

Combined production logging tool

ATA High Temperature Gamma/CCL - PTS

Technical Specifications
315°C (600°F) - time limit according to chart below
Memory:  Non Volatile, 2MB expandable to 8 MB

Pressure:
Accuracy +30psi
Resolution 0.01 psi
0.02 psi
Repeatability and Hysteresis .01% F.S.

Temperature:
Accuracy +1°C
Resolution 0.03°C

Spinner.
Resolution 0.1 rps with direction

Gamma Ray:
Scintillation - Na | (T1)
5/8" Dia x 3" long Crystal
Casing Collar Locator (CCL):
Velocity Type Detector
500 Samples per second with min/max recorded
Physical Specifications:
oD: 1.75" (44mm)
Length: 1257 (4.92m) (without spinner)
Weight: 93ibs (42kg)

Memory Size: 100,000 data sets

1-3/4 FLASKED PL TOOL
OPERATING TIME vs. TEMPERATURE
32000
31000

g
8

E

E

8
LT

- \
“ 180.00 \

180.00
N

OPERATING TIME IN HOURS

k@ Scientific Production Services

Q00 500 1000 1500 2000 2500 30.00

3 <«— Heatshield &
Pressure
Housing

Lmjeg

<— Gamma
Ray

| wwompeasid | wwompem woo | Awwew

0)m08|

@ | < Pressure

<— Temperature

Optional:
& In-Line
Spinner

|

Mechanical
. connection for
. additional tools

(A Division of Scientific Drilling [ntemational)

prdsrvRev.6




HIGH TEMPERATURE
PUMPING SERVICES

ENCLOSED | L A
LINESHAFT PUMP| “z... el ==

(ELSP) = ——

f— 1243 mea
o~ 11
’1!0—“7! ‘ nnmn\:“mm
+ s HEAVY WAL |
t
an =
Nl B2 ) w 8%
s Eim- | R e
127400 LB ANSI RF. BASE FLANGE T
DETAIL-“A* %\ pstl bz
I IMPELLER p— — u
TREAD Pire STAC =
v mw:‘n\ =
SLIBMERCENCE mnmu L
e
ot
SHIELD '
PORTS
—— 73 DA
THROTTLE B |
BEARING
D)
1 JOVL ASSY.
BOWL
IMPELLER r
4 | — . assoar
- | Serasiky
we (AID)
BEARING 10° SLOTTED
SUCTION FIFE
, / NOTE! THIS DRAWING IS
PROPRIETARY AND THE
4 PROPERTY OF GOULDS
\ ' L L PUMPS INC & FROST
- e s CONSULTING GROUP
\ i) e
\ T
\ sucTIoN \m i VT Ut o ComTRETIN
. case wifin Isaces centiries :
N | Source: Jack Frost _I] e} T -~
\ 201 3 DIA DOWNHOLE GEOTHERMAL PUMP ;
-/ ( ) o g 2
DCE14092 ECSAC FIGURE 1: Downhole Geothermal Pump [OEET
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Online=250°C for Hot
Line 3

Objective=300°C (US
DOE EGS Programme)

\—

IP

DCE14092 ECSAC

HIGH TEMPERATURE
PUMPING SERVICES
SCHLUMBERGER (REDA) ESP HOT LINE 550 SERIES

(@ 220°C)

APPLICATIONS

w Wells with high bottomhole
temperatures

o Steamflooding and thermal
recovery applications

e (Geothermal applications

e Poorly cooled motors
in viscous applications

o Wells with low flow rates
= Wells with abrasive fluids
» Gassy wells
w Wells with comrosive fluids,
including HS, CO,, and
chemcal treatments
ADVANTAGES

= Exdended ESP run life
in severe applications

= Expanded ESP operating range

= |ncreased production in
thermal recovery applications

FEATURES
= Motorinsulation system
rated up to 288 degl [550 degf]
= Capability of withstanding
severe heating and
cooling cycles
= Nonelastomeric seal at pothead
» Expanded ol reservoir for
extra cooling capacity with
integral oil filter

REDA* Hotline®* high-temperature ESP mators are designed for extreme
conditions. They operate reliably in extremely hightemperatures that

are common to thermal recovery heawy oil production systems, such

as steam -assisted gravity drainage (SAGD) and other steamflooding
applications. Motors have a three-phase squirrel cage, two-pole induction
design much like that of standard ESP maotars. Hotline motars, however,
are designed to handle the wide tem perature variations that result

with cool surface temperatures and extrem ehy hot downhole operating
temperatures.

The high-tem perature design allows for increased starting torque

and greater efficiency. The steel stator laminations focus the magnetic
forces on the rotors to reduce energy loss. The stator windings have
added copper fill and a proprietany high-temperature insulation system.
Hotline ESP motors use a special motor pothead specifically designed

to withstand thermal shock The pothead has a highly reliable tape-in
connection and metal-to-metal sealsto act as a barrier tofluid entry. The
mators use special high-tem perature dielectric oils and bearing systems
to ensure that lubricity and load requirements are met in high-tem perature
operating conditions. They also have a large oil reservoir inthe motor
base to allow the oil to expand and cortract with wide thermal cycles
and a fitter to eliminate debris.

Specifications

Senes 12274

Mator 00, mm [in] 14275 5 62)

Min. casing [0, rom [in] 177870

M. rrotor winding temperature, deqlC [d=gf 288 [560)

Mast. bottorha ke temperature,’ deC [degh Z18[425

Min. powser at B0 Hz, hp 428

Min. powser at B0 Hz, hp 367

e, power at B0 He * hp 3z

te gt bt & St s copp 1 3t
+Single sectin, : figh-tempeorature inswation.
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INNOVATIVE DOWNHOLE CHEMICAL
INDJECTION/OPTICAL FIBER CONTROL LINE
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SUSTAINABILITY. RESERVOI
THERMAL BREAKTHROUGH IS NOT

R LIFE
- A FICTION.

MODELLED VS ACTUAL THERMA

78

| DECLINE

w7
g
=
-
E Donneées BRG M
E
2 72 === od n GPC
0 aume
68
l 01,/01/1984 21/06/1989 14/12/1994 05/06/2000 26/11/3005 19/05/2011 0&/L1/

DCE14092 ECSAC

IP




SUSTAINABILITY
MINING COMPATIBILITIES

DOUBLET/TRIPLET
CONCESSION FOOT
PRINTS. PARIS BASIN

@ puits producteur
e puits injecteur

0 doublet projeté

doublet en service

' triplet projeté

doublet subhorizontal projeté |

f{:;’ solution de repli

périmétre d ’exploration /
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SUSTAINABILITY

MULTI-DOUBLET EXPLOITATION (1984-2035)
PARIS SOUTH. YEAR 2035

—

(s

[l ;
LiP DCE14092 ECSAC Source : Maria PAPACHRISTOU DCE14058 I




SUSTAINABILITY
BALANCED COLD VS HEAT PRODUCTION

o GSHP REMEDIAL TO TEMPERATURE DEPLETION
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UNBALANCEND COLD VS. HEAT PRODUCTION
EXTENSION OF A HOT PLUME AFTER 17.7 YEARS

Température (°C)
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SUSTAINABILITY
SUSTAINED STEAM PRODUCTION BY
IMPORTED WATER INJECTION

o The Larderello field
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Influence of the reinjection on the steam flow rate of 28 wells in the
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SUN RISES BUT NEVER SETS ON
GEOTHERMAL ENERGY
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