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SUBHORIZONTAL WELL (SHW) 
CONCEPT AND EXPECTATIONS
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CONCEPT

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

oWell architecture → Innovation

o Extend exploitation until 2045 → Sustainability

o Increase capacity 350->450/500 m3/hr → Well performance

oCAPEX/OPEX reduction → Economy

oMultilayered reservoir appraisal → Geology

LOCATION

Target area

CACHAN SITE AND 
SURROUNDING 

GDH DOUBLETS/TRIPLET

PARIS BASIN GEOTHERMAL DISTRICT 
HEATING (GDH) STATUS
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SHW DOUBLET ARCHITECTURE AND 
OFFSET WELL TRAJECTORIES

4

a) Well architectures

b) Well trajectories

c) SHW and candidature offset well
trajectories
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DRILLING SITE AND RIG SPECIFICATIONS
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Spud date october 2017

 SMP 106 Rig type = Electric (4x1975 kVA Genset)

 Hook load = 350 mt

 Top drive = TESCO 500 ESI TDS (500 t)

 Sub structure = Box on Box

 Pump capacity = 3 Triplex VSDx1600 HP

 Miscellaneous facilities (skidding, automatic pipe 
racking

Ended in April 2018
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ROTARY STEERABLE SYSTEM (RSS)
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[Sources: Baker Hugues; Schlumberger; Weatherford (quoted by Nagra)]
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LOGGING WHILE DRILLING (LWD)
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Approaching low 
porosity layer from 
the bottom. Built 
angle to remain in 
the  target.

(Source: Di Tommaso et al, 2018)
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GEOSTEERING STRATEGY
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 Experience
 Offset well
 Optimization
 Recognization
 Correlation
 Improvement

 Up-Dip
 Less Porous
 Adjust trajectory

thanks to GCAH1
issued database

GCAH2

GCAH1
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GEOSTEERING WORKFLOW
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Planning Phase
GCAH-1

Monitoring Decision

Geological Pre-drilled
model

Well Plan

Log responses model

Directional

LWD

XRF/XRD

MUD Logging
Real Time

Geosteering

TD?

 Production logging tool
 Test

Analysis

Post-Drill

GCAH1

GCAH2
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WELL GCAH1. GEOSTEERING STRATEGY
From offset well log squaring and XRF input to predrilling geological model 

& correlation with RT acquired data
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Collect and correlate data from offset wells XRF data from GCAH1 for input 

Pre well model 

Structural Earth Model Modification to 
correlate offset/model with RT data

Well GCAH 1. Log squaring of nearby 
offset wells GVIL-1 and GVIL-2
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WELL GCAH1. GEOSTEERING WINDOW
REAL TIME GEOCHEMICAL, LWD AND DRILLING MONITORING
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CURTAIN SECTION. PLANNED vs ACTUAL TRAJECTORIES
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WELL GCAH1. XRF/XRD MONITORING VS FLOWMETER & 
POROSITY LOG CORRELATIONS
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Res/Por/
GRay

SiO2 Al2O3 Fe2O3 K2O CaO Sr/Ca Mn/Ca Fe/Ca Zn/Ca PLT flow profile
Azimuthal 

density
Porosity

Drilling 
param.
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GEOSTEERING WORKFLOW IN CACHAN
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SiO2 Al2O3 K2OFe2O3 CaO

CANDIDATE PROXIES

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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ROTARY STEERABLE SYSTEM (RSS)
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• Challenge: Real time trajectory corrections

o 1 to 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
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(Source: NEOTOOLS, 2018)

ROP

VIBRATIONS

TOOL ASSEMBLY

A) SSI SEVERITY
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NEOTORK IMPACT ON VIBRATIONS
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B) TDi

(Source: NEOTOOLS, 2018)

C) WHIRLING
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GCAH2. NMR/CMR VS SONIC DIPOLE CORRELATION
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Well GCAH2. NMR/CMR vs Sonic Dipole
porosity/permeability/porosity logging

tool correlations

GR GR Slowness frequencies

T2 <300  ms
>300 ms

Porosities
free, irred

Porosity Compression
shear
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WELL GCAH2. 
LOG EVALUATION OF DRAIN/RESERVOIR PERFORMANCE

COMPOSITE WIRELINE NMR, SONIC & DENSITY LOG IMAGING 
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WELL TESTING
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Test type 
Well 

Objective 
GCAH1 GCAH2 

Self flowing step drawdown 
production. 

 prior to acidising 

 
 

X 

 
 

X 

 
 
Raw PI 
Stimulated PI – Acidizing efficiency  post acidising X X 

Self flowing, constant flowrate 
production. 

 pressure drawdown 

 
 

X 

 
 

X 

 
Reservoir/subhorizontal drain 
evaluation (transmissivity, 
permeability, acrisotropy skin)  pressure build up X X 

Sustained, variable flowrate 
injection. 

 step drawdown 

  
 

X 

 
 
(Stimulated) II 
Reservoir/subhorizontal drain 
injective performance 

 pressure rise  X 
 pressure fall off  X 

 

WELL TESTING SUMMARY

HORIZONTAL WELL & RESERVOIR 
GEOMETRY
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GCAH1 WELL TESTING
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IDEALISED HORIZONTAL WELL 
PRESSURE TRANSIENT RESPONSE

ACTUAL FIELD TEST PRESSURE 
RESPONSE
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ROTARY STEERABLE SYSTEM (RSS)
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SANDWICH MULTILAYERED RESERVOIR 
EQUIVALENT

SIMULATED & MONITORED BOTTOMHOLE 
PRESSURE BUILD UPS

TEST SITE LAYERING

Actual layering Sandwich equivalent layering
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CONCLUSIONS
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• Project achievements. Past Vs Future performance

• SHW Architecture secures
- Optimum drainage of stratified multilayered reservoirs
- Substantial productivity gains and longer doublet/triplet thermal life vis-à-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

Status Doublets Flow & Energy Ratings COP Mining CAPEX

Existing 2 350 m3/hr; 40 GWhth/yr 9 14-15 Mio €

Future 1 450-500 m3/hr;  60-65 GWhth/yr 20-28 12-13 Mio €
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CONCLUSIONS
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A HUGE STEP IN ENERGY TRANSITION

Team Work
Multidisciplinary Approach

Creative transfer of modern  petroleum 
technologies and know-how to 

geothermal targets

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