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A Brief History of CHYN

1965 : Creation of the Centre for hydrogeology — CHYN.




SCCER QSOE

1978-1990 : First geothermal exploration projects, expertise on hydrothermal fluids for spas.

1990 - 2004 : Geothermal Group at the CHYN (Dr. F.-D. Vuataz with MSc and PhD students):
various studies on hydrogeology and geochemistry of deep fluids.

2004 - 2009 : Creation of the Centre for Geothermal Research - CREGE, association working as
a competence centre. This Swiss network of over 60 institutions (private & public) had a core
team of 5 persons based at the CHYN.

2009 : Creation of a chair in geothermics at the CHYN and nomination of Prof. E. Schill. Since
then, the CHYN is called Centre for Hydrogeology and Geothermics.

2010 : Creation of the Laboratory for Geothermics, c/o CHYN with 10-12 collaborators.
2011 - 2112 : 15t edition of the CAS DEGEOSYS

2013 - 2014 : 2"9 ed. of the CAS DEEGEOSYS

2014 : Start of 2 new professors in Geothermics: Steve Miller and Benoit Valley

2015 : 379 ed. of the CAS DEEGEOSYS, and ... 50t" anniversary of the CHYN !
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That was then....and this is now SCCER gsmz
Activities of Geothermics Group at CHYN

e Contributions to DUG Laboratory
e Collaborations with Mont Terri
e Eclépens (joint with UniFR): La Sarraz natural laboratory

e Gravity/magnetotelluric surveys (with Bundesamt fiir
Energie)

 High Performance Computing (HPC) of THMC systems
e The newborn Lusi (Indonesia) hydrothermal system



Key challenge: engineering the reservoir

« Create a sustainable heat exchanger at

o operate for 20-40 years with no or minimal loss
In flow temperature and in efficiency.

 New approaches are required to enhance rock
permeability, with optimal distribution of micro-
cracks and porosity to maximize heat exchange
and water circulation.

Requires improved understanding THMC processes at play
during reservoir developement and exploitation.
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Mont Terri Project
swisstopo

Mont-Terri FS experiment Tt

Objectives: understand effective stress change impact on fault
stability in a clay shale formation

Status: First test made in June, 2015. Additional experiments
planned for October, 2015. One PhD in CHYN-UniNe will be
working on the project.
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Mont-Terri next phases |
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SCCER%S SoE
ISC — hydraulic fracturing plans |
Complementary experiment to the brittle shear zone stimulation experiment:

How far/efficiently can we propagate hydraulic fractures (mode I) in tough crystalline rock ?

How does injection metrics (flow rate, volume) influence hydraulic fracture propagation ?

What is the aperture history (during propagation, shut-in and bleed-off) of a propagated hydraulic fracture ?
What is the microseismic signature of a propagating hydraulic fracture ?

Can we estimate hydraulic fracture area using tracers ?

Fo=PF = 30,0
[ior o, 1.5,

05t
< ar
2 —
+ | & F.o= P, = d0,-5,
Ej 08 lor ox = |T?rf Tacki
|
p"_-.._ -l
|
o
157
shoaring {7 = uia,- 1)
2f f Hydfallic f Hydro-
fract rlng shearlng
-2.8 —
i} 120 e
n - }J.1IE|I$}ZII:'|'-.\'I:UFI |[JL1.IJFI: el aned o mzur[{’:h

(Kaiser et al., 2014, modified after Pine and Batchelor, 1984)



3 A ) = W P

Swiss Competence Center on Supply far Slectrics P
5E¢ER55“E g Cunierenne?g{rs o ::I
oo vy ol DEEP memal well

optimisation workflow

)SEﬁIJEREIE “i " Benalt vatiey’, Fiorentin Ladner?, PR Brunner’, Stephen A, Milert

S5E o

Abstrast

Geo-Enengy Sulsse AG b proposing an inmovalive technology fo
uniock Hhe large

ord Esks ssandsted with e development of desp geoihermal
pojects.
1. infrodustion

Recent deep geoihenmal projects i Sairedand ewperienoed
dificulies manapging s=ismic risk assodaled wifth esenoir aooess
and development. in onder o address. this problem, Geo-EnsmieAd -
e leading Indusiny driven cenie of compelenos for

"Center for Hydrogeosiogy and Gecthenmics, Lidverslly of Newchiliel, fGeo-Energle Sulcse A5

I. Approach

Ik is well Enown thal deep boncholes cam experience svens siess
Indeced fallore of fhelr walls (socalled bopshole breskouls] An
exampie of such borehols fallure |5 preseniss on FD. 2a This s a 3D
geomely of e B51 borehole In Bassl reconsinacted from acoustc
Eeleviewer dals. The typical Semon-shape™ of the borehols seciion Is
due B e shress resdisiribulion arcund the: borehnie =ading o maximum
fangential stesses sxresding e mck sfengi Methods o svaksis
the relsfve severity of borehole fallure for various diling direciion are
wel documenied. Fig. 2b presenis such results shoming that In this
carse, A verboal hode will Indure larper tangential sress and s mores
severe Tallues Than an deinlesd hole. However, In the ooment siate of
the Enowiedge, we annot relisbly predict the infiafion, evisnsion and
final shape of borehoie breskosls. This s langely due fo the lack of

1] Maimize the protabity of nkersaclion win
podenial feed Zones (mesing factumes);

Z) Insure suficlent borehole stablily In order
[y 1o limi drling diMoufies associnted wiih

celbirnima and

Figars 1: Left: poteniial deviales hole compistion wilh misil stage shmulation concept. in onder 1o

opfimize the ressnair devsiopment and 4o minkmize e gk, An appropriste bonehole Sy Eciony mst
be fiound to maximize the Inferseciion with pofential feed Zunes while Insuring sultcient borehole

stabiity. Right

the rim of the progjeclion. The sess assumpion B SHoas decion
Hi43" wilh S = 100 MPa, SHemy = 120 MFa, Shmin = &1 MPa and

Fo= 35 MFa (possible sivess soenano st £ km depth).

wecrifiow bo deal wih this borehole opimisadion probiem. The

‘nroposed highrewe
main objecive of the project ks bo deveiop the detalls of s workiion

Inmat pammeters: inshs siesses ae ofien poordy  Consirained,
pariosiardy at =ary project singe, and e =siimaSon of e In-sia
siengin is ususlly oOr N0 OOnes. OF dmmoged Oores, no o fow

of damage leading o the formabion of borshole breakouts.

In order o deal wih this unceriainties, we propose to devslop &
workliow based on sinlisical approaches dealing Wi rigomous
parmTeter eviimation and Sk analyses The ouiine of this wok fow s
presenied on the right side of Ag. 1. The Kea B bo s daia from he
weriirsl serfion of the borehole to callbrabe plsesibie faliure models. The
soluion wil mot be unigue {muple combiration of siesssengh
pommreies wil egmly maich the cbserved daial Then, fhess
calbmied models can be uwsed o peedict Donchols sewerily and
associated unceriaingy for polential bonshole devisBon and assess risks
aszocialed wilh polentisl dilling scenaros.

3. Expacied resoarch oulpubs

The culpuls of this project will reduoed oost -and risks associsted withi
desp peothenmal wed. The workfiow presented sbove wil be deveioped
and i=sisd on exdisting dala sets and applisd io fubere Geo-Energle
Sulzze profeds Pke the Heube-Bome projed planmed for 20HT.

Acknowladgments
This work s supposted by e CT1 under profect 150571 FRENHRY

SCCER S SoE

Deep Well Optimization workflow

(see poster Valley et. al.)
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La Sarraz natural laboratory

Study of a fault system in an outstanding " natural
laboratory" at the quarry of Eclépens.

Key questions this study will address:

e Are all faults in the Alpine foreland critically
stressed ?

*  What is the influence of fluid circulation on the
fault criticality ?

e How does fault complexity (relays, jogs,...)
inflences damage characterisatics and fluid
flow?




Recent Acquision at CHYN of ,,Thor“ SCCER S SoE
GPU/MIC cluster |

-

Guscs |

- 4 nodes

e each equipped with two GPU Tesla 40K cards,
e one Intel Xeon Phi (MIC) coprocessor card,

e two 2 CPU 10 core Intel Xeon E5-2650

* Infiniband connection at 56 Gbits/s.

e about 1TB RAM and 20TB storage.

28.09.2015 12



Fracture Evolution Simulated SCCER 5505
Entirely on GPU-Cluster

Galvan and Miller, in prep.



Application developed for quickly generating numerical
mesh for geologically complex geometries SCCER SoE

Galvan and Miller, in prep.



Galvan and Miller, in prep.



Galvan and Miller, in prep.



Galvan and Miller, in prep.



Galvan and Miller, in prep.



Galvan and Miller, in prep.



Galvan and Miller, in prep.






Implementing Automatic Mesh Refinement SCCERSSOE

See poster of Gunnar Jansen



Implementing Automatic Mesh Refinement

Contour

Varn p

' ' 1.000e+07
- 5.000e+06
Max;: 3.333e+04
Min: -9,325e+04

Volume
Varn plastic_muliplier
Constant,

Max: 0,000
fin: 0,000

ot

See poster of Gunnar Jansen
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Stress—Strain curve

Axial Stress (MPa)
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Newborn Hydrothermal System (Lusi) SCCER GSOE
in Java, Indonesia

SNF

Lwiss NaTioNaL SCIENCE FOUNDATION



At its peak Lusi spewed up to
180,000 m3 of mud per day.
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SCCER S SoE

e Geophysical Investigations
(gravity, magnetotellurics, etc.)

e Numerical modeling of
hydrothermal system

e Raman spectroscopy shows
evidence for temperatures
approaching 300°C at 1.2km to
1.5 km (Mavloisin et. al., in

prep.)

Lusi a High Enthalpy System



MERCI POUR VOTRE ATTENTION

Enjoy Neuchatel
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