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CONCEPT

Impervious
confining
layer Reservoir layer

@ Horizontal drain intersecting one layer

(@) vertical well

@ Deviated well (#30-35°) @ Subhorizontal well {SHW) (#80-85°)
intersecting all producing layers

@ Multilateral well, horizontal drains intersecting
all producing layers

EXPECTATIONS
+ General
o Optimise land occupation in densely populated urban

environments

o Added value to presently unchallenged low permeability
reservoir settings

o Maximise geothermal exposure & minimise drilling/completion
risk

o Upgrade geothermal well architecture & reservoir evaluation
standards

Site specific

o Well architecture

o Extend exploitation until 2045

o Increase capacity 350->450/500 m3/hr
o CAPEX/OPEX reduction

o Multilayered reservoir appraisal

— Innovation

— Sustainability

— Well performance
— Economy

— Geology
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SUBHORIZONTAL WELL (SHW)

EXPECTATIONS

» producer well
» injector well
0 projected doublet
@ operating doublet

' projected triplet
@ projected subhorizonfal
let

| ® Projected ripint
| ® Operating ipiet

|| © Projectad dountets

| ® Operating doubiel

) Abandonned doublat

.

LOCATION

@ fallback remedig¥option

P GRS

Target area

e

55

CACHAN SITE AN
SURROUNDING
GDH DOUBLETS/TRIPLET

Ty

PARIS BASIN GEOTHERMAL DISTRICT

HEATING (GDH) STATUS



PRCF GHOELIR HCAHY GLAMY
2o D5 i i COUPT OV PLATS COUPE D4 PUITE
DRICCTION DE PROQUCTION
T'l.éa [mbgl) Injectar wall prefils Producer wall profile
wq crad | LY= T
0 —{ — T
|
24 |—Fa
Til { Tl
W |
a0 BoilE st
i
T |
o
ron o
1064 S F _—
|l — /= \._\“'-:."‘I"l
1590 = — = [ s N N e ——
1630 osn) LoT farpras o
Sugu dtilling
Tukagm caning
wricrate g
v Carme

a) Well architectures

*- Triem Werts s Dagen pmssren)

INJECTOR WELLS -

SHW DOUBLET ARCHITECTURE AND
OFFSET WELL TRAJECTORIES

VERTICAL PROFILE

P GRS

Lol prmtron

. INJECTOR WELLS f
[ o

| 32

, t

i |

Plan view

/ PRODUCER WELLS
."“"‘-..
Faliback o S
Sidetrack —Gcas ' propucer weLLs™— oex

|
-H""‘-h—._

trajectories

——

Wl fecin pratres] >
s 40 L

b) Well trajectories

c¢) SHW and candidature offset well
trajectories



(}}, DRILLING SITE AND RIG SPECIFICATIONS

Spud date october 2017

SMP 106 Rig type = Electric (4x1975 kVA Genset)
" Hook load = 350 mt '

Top drive = TE'wﬂ_QOOZESI TDS«(500 t)

Sub structure =-Box-on.Box

Pump capacity = 34riplex’VSDx1600 HP

Miscellaneous facilities (skiddingy-automatic ﬁf
racking

Ended’in April 2.-1; -
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ROTARY STEERABLE SYSTEM (RSS)

Moveable blades Stabilizer Drill Bit / PDC

Non-rotating tool body Rotating shaft

Non-rotating section
. of tool body

prive snart-

Note: No flow
obstructions

Blade in retracted
position

[Sources: Baker Hugues; Schlumberger; Weatherford (quoted by Nagra)]
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(}}, LOGGING WHILE DRILLING (LWD)
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GEOSTEERING STRATEGY

GCAH1

GCAH2




GEOSTEERING WORKFLOW

P GRS

GCAH1

Monitoring Decision

Planning Phase
GCAH-1
Directional

Geological Pre-drilled

Geosteering
model

Well Plan

XRF/XRD

Log responses model

MUD Logging Real Time

T

= Production logging tool

" Test Post-Drill
GCAH2
Planning Phase Monitoring Decision
GCAH-2
Directional
Geological Pre-drilled Geosteering
model
Well Plan
XRE/XRD
Log responses model .
MUD Logging Real Time
GCAH1 DATA
XRF/XRD
Production tool o ] o
LWD = Wireline Nuclear Magnetic Resonance and sonicdipole
Mud Logging ® Test Post-Drill
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WELL GCAH1. GEOSTEERING STRATEGY

(j}) From offset well log squaring and XRF input to predrilling geological model
fP & correlation with RT acquired data

ct and correlate data from offset wells XRF data from GCAHL1 for input
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Well GCAH 1. Log squaring of nearby
offset wells GVIL-1 and GVIL-2
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Structural Earth Model Modification to

Pre well model correlate offset/model with RT data
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G WELL GCAH1. GEOSTEERING WINDOW
& REAL TIME GEOCHEMICAL, LWD AND DRILLING MONITORING

IP

CURTAIN SECTION. PLANNED vs ACTUAL TRAJECTORIES
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qb WELL GCAH1. XRF/XRD MONITORING VS FLOWMETER &
. POROSITY LOG CORRELATIONS
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(fP GEOSTEERING WORKFLOW IN CACHAN

P GRS

DATE PROXIES

According to U. Brand and J. Veizer (1980), in carbonates SO ALLO K.O Cao
diagenetic equilibration 5r*2, Na*? and Mg*? decrease, while i~2 2~3 2
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Observed a decrease in the Siliciclastic proxies, related to the different position in the Carbonate platform: from Lagoon to Shoreface

OBJECTIVES

« Correlate, geochemically traced, lateral carbonate variations with LWD data to
optimise GCAH2 geosteering.

- Identify diagenetic, cement, microfracturing shows impacting porosity.

« Have these figures put in perspective with PLT flowmetering while designing GCAH2
trajectory.
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(Ih ROTARY STEERABLE SYSTEM (RSS)

S
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- Challenge: Real time trajectory corrections
o 1to 5° varying dips, impacting drain effetive length

o Reconcile tracking of thin (#1 m) high porosity layers with target matching
delays induced by high bit to RSS recording distance (#20 m)
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(}}, NEOTORK IMPACT ON ROP & VIBRATIONS
IP
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(Source: NEOTOOLS, 2018)
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NEOTORK IMPACT ON VIBRATIONS

P GRS

Cachan 2

Medium
H High
M Severe 100%
68% decrease
80% of severe
whirl
73% decrease of severe torsional vibrations.
60%
B) TDi
40%
20%
0%

Cachan 1 Cachan 2

Low Moderate B High M Severe

C) WHIRLING

(Source: NEOTOOLS, 2018) 16



((Er, GCAH2. NMR/CMR VS SONIC DIPOLE CORRELATION
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G WELL GCAH?2.

(}{LOG EVALUATION OF DRAIN/RESERVOIR PERFORMANCE
COMPOSITE WIRELINE NMR, SONIC & DENSITY LOG IMAGING

NMR SWI/FFI

Permeability| =

AZD Image

Porosities | - |+

RHO Bot/top

NMR Pore size

Caliper/ GR
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WELL TESTING

HORIZONTAL WELL & RESERVOIR

GEOMETRY
Df ‘.'PI’
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WELL TESTING SUMMARY

Well ..
Test type GCAHI GCAH2 Objective

Self flowing step drawdown

production.
e prior to acidising

Raw PI
Stimulated PI — Acidizing efficiency

>

X
X

e post acidising

Self flowing, constant flowrate
production. Reservoir/subhorizontal drain

 pressure drawdown X X evaluation (transmissivity,
pressure build up X X permeability, acrisotropy skin)
Sustained, variable flowrate
injection.
+  step drawdown X (Stimulated) II
e pressure rise X Reservoir/subhorizontal drain
o pressure fall off X injective performance

19



(F;, GCAH1 WELL TESTING
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qb ROTARY STEERABLE SYSTEM (RSS)

S

P
SIMULATED & MONITORED BOTTOM¥E

PRESSURE BUILD UPS

SANDWICH MULTILAYERED RESERVOIR
EQUIVALENT

25 30 35

Bedrock

\‘\

Actual layering Sandwich equivalent layering
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(}}, CONCLUSIONS

S

P GRS

Ip
« Project achievements. Past Vs Future performance

m Doublets Flow & Energy Ratings m Mining CAPEX

Existing 350 m3/hr; 40 GWhy/yr 14-15 Mio €

Future 1 450-500 m3/hr; 60-65 GWh/yr 20-28 12-13 Mio €

« SHW Architecture secures
- Optimum drainage of stratified multilayered reservoirs
- Substantial productivity gains and longer doublet/triplet thermal life vis-a-vis
conventional well architectures
- Space optimisation in densely populated sensitive, doublet/triplet heated, urban areas

« Last but not least

- Provides new standards in Geothermal well design, drilling/completion best practice and
reservoir, wireline & geochemical, evaluation

GDCE18058 22



(;;, CONCLUSIONS

S

A HUGE STEP IN ENERGY TRANSITION

Creative transfer of modern petroleum
technologies and know-how to
geothermal targets

Team Work
tidisciplinary Approach

Subhorizontal doublet :
A Field Validation and a Demonstrator for the Future

2000
MWth

1800 66% of additionnal capacity for only 40% of extra-investment
1600
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1200
1000
800

600

400

200

A strong impeteous in matching projected objective

Capacity installed and projected in Paris Basin

0
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032

—@— Capacity targeted —@— Capacity with subhorizontal doublet Years 2 3




- pierre.ungemach@geoproduction.fr
m.antics@geoproduction.fr
melanie.davaux@geofluid.fr
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