-

DESTRESS

Demonstration of soft stimulation treatments
of geothermal reservoirs

D3.6Guidance to Insurers

WP 3: Risknanagementvorkflows fordeepgeothermalenergy
Authors: Abigaélle Peterschmitt & Albert Genter from ESG

Lead Beneficiary

Type | R- report, document etc. "I OTHERsoftware, technical diagram etc.
| DEM- demonstrator, pilot etc. 'l E- ethics
| DEC website, patent filing etc.
Status "l Draft
| WP manager accepted
I*| Project coordinator accepted

Dissemination | PU¢ Public

level "I CO- Confidential: only for members of the consortium

Contributors r1-GFZ TI15GES T19-GTL 13-SNU
M2-ENB  T16-TNO T110UoS [I114KIC
#|3-ESG I17-ETH T111-TUD T115ECW
r4-UoG T18-GTN TI112-NEX T116WES

Creation date 01/08/2019

Last change 28/11/2019
Version Final
Due date 30.11.2019

Submission date | 02.12.2019



DESTRESS
Demonstration of soft stimulation treatments
of geothermal reservoirs

02.12.2019 2



DESTRESS

Table of content

1 Introduction 5
2 What is geothermal energy? 7
3 Theinsurance scheme of geothermal projects: state of the art 10
4  Potential disturbances and monitoring of geothermal projects 12
5 Case studies related to geothermal activities 17
5.1  For hydraulic stimulation activities 17
5.2  During geothermal exploitation 19
6 Felt events near an egoing geothermal project 21
7  Conclusion 24
8 References 25

02.12.2019 3



DESTRESS

List ofFigues

HGUREL. AGENERIC HISTORVM@EEP GEOTHERMADQJEET IN CONTINENEAROPE 6
HGURR2 EXTRAPOLATED TEMPERETMAP ASKM DEEP IUROPE FROMURTIG ET AL992 7

HGURE3 XETCH OF A GENERIERGEOTHERMAL PRDJE CONTINENTALROPE SHOWING A DOEBPUMPING
AND REINJECTING INAYURALLY PERMEABAELTED RESERVOIR 8

FGURE THE RECENT GEOTHERMANT ORTTERSHOFFEN PRORGEEAT AT HIGH TERATURE>160°CON
SURFAQEN THEJPPERRHINEGRABENSOURCES 9

HGURB GEOTHERMAL PLANT MECGEDGIES USEHMROPEOROPLANT LIKE IN THEPERRHINEGRABEN 9
FHGURE GEOTHERMAL PLANT THOHDGIES USECHMROPEALASH PLANT LIKETINSCANY REGIONALY 10

HGURE/ SCHEMATIC RELATIOWSHDR INSURANCE BEEMW/ GEOTHERMAL PLAMINERPLANT OPERATOR AND

HOUSING 11
FGURB POTENTIAL RISK REDATEORO LANT LIKE EXPLOSIO 12
AGURE POTENTIAL RISK REDATE A GEOTHERMARNPL LIKE GAS EMISEIO 13
RGURELOPOTENTIAL RISK REDNTE A GEOTHERMAL IRCAIKE GROUND DERARON 13
FGURHE 1 POTENTIAL RISK REDATE A GEOTHERMAANPL LIKE LEAKAGE 14
RGUREL2 POTENTIAL RISK REDATE A GEOTHERMAANPL LIKE VAPOR EMIBS 14
FGUREL3POTENTIAL RISK REDATE A GEOTHERMARANPL LIKE INDUCECSSECITY 15
FGUREL4POTENTIAL RISK REDATE A GEOTHERMARANPL LIKE SURFACHDRBANCE 15
RGUREL5 POTENTIAL RISK REDATE A GEOTHERMAANPL LIKE WASTE DISRD 16
FGURELG POTENTIAL RISK REDATE A GEOTHERMAANPL LIKE NATURAL RMECTIVITY 16
AGUREL7 THESOULTZSOUSFORETS CASE STUDY 17
RGUREL8 THEBASEL CASE STUDY 18
FGURH 9 THEPOHANG CASE STUDY 18
RGURE0THERTTERSHOFFEN CASIDST 19
HGURR21 THELANDAU CASE STUDY 20
FGURE2 TIME CHART OF A RECENRTHQUAKE FELSIRASBOURG 22
RGURR3EXAMPLE OF A PRESBEIGEE PUBLISHED INDEAL NEWSPAPERNOWVEMBER019 23

02.12.2019 4



DESTRESS

1 Introduction

In the framework of the work packaged the Destress E project, embracingRisk Management
Workflows for deep Geothermal Energyhe DeliverableD3.6entitled Guidance to insures deals
with how insurerscould be guided forcovering the potential impacts ofperational EGSleep
geothermalprojects during exploitationmainly. This deliverable is closely related to tBestress
Milestone MS8done by ESG ¢erschmitt et Genter, 2019) in which a dedicated questionnaire of
about 20 questionsvas set up for insurerssent to themand analyzed Thisquestionnaire was
designed forobtaining the feedback fronthem in order to evaluate their level of percepticof
potential risks linked to deep geothermal enerdtyis mainly based on the operational experience of
the two geothermal plants operated bySEin Northern AlsacéFrance) at SoukzousForéts and
Rittershoffen However, we noticed that it was quite challenging to get proper feedback from insurers.
Only a few of them answered or contributed to the survey. Firatause geothermal energy is not
well-known among insurersaand secondbecause of the lack of structural damages related to the
operational geothermaEG$lants of SoultsousForéts and Rittershofferin other words, there is no
concrete business with insurance related to geothermaloitation(e.g.in Francedeep geothermal
energy does not have a specific insurance schei@eiginally,this deliverable aimed to provide
guidance to insurerén terms of premiums and optimum arrangements for EGS plddsed on
concrete operationaEGS projectgisks of damage should be covered ibhgurance policies of the
project owner but not byndividual insurance policies

As the MS8eport wasclearly designed for recovering feedback from insureris, @¥8.6report aims
to propose guidance ahrecommendations to insurergven no reaspecificscheme exists in France
where wo EGS plants are runninfhus,we decided tdbuild a guide for insurers by explainirfgom

a pedagogi@ngle how exploitationand maintenance of a deep geothermal siterks and what are
the risks linked to thoseperationalphases for the environment andinhabitants living nearbyhe
plants

Thework here presentdis mainly focused on deep geothermal enedyying theexploitationphase
which represents in average katast two decades of continuous operatiof@mulation phases which
represent in average only fewdays of technical operatioare also considered because occurrences
of felt induced seismicity already happené&thérlety et al., 2006Drilling phaseand related potential
nuisancesre not considered in this deliverable D3.6.
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Histo’ry of a DEEP GEOTHERMAL PROJECT

Deep geothermal energy is a low-carbon emission energy, baseload, with a low surface impact.

DEEP? Geothermal
production temperature higher than 150

EXPLORATION

The first step of a geothermal
project is to collect and analyze
data on geology to find the
underground faults in which
circulates salty water(bring).
Seimic surveys allow to gather
many data on a specific area.

PLANT
CONSTRUCTION

Once the geothermal resource
is proven, the plant is
constructed according to the
end-consumers needs: for the
production of heat, power and
other indutrial use like crops
processing or greenhouses

1-!0M€O

It's the average
price of a deep
geothermal
doublet project &
plant

s which are calle

deep’ often have a depth higher than 1500 m and a

PERMITTING &
AUTHORIZATIONS

The first license to get is the
exploration one, prior to any
field work. Once the site is
chosen, both drilling
authorization and construction
permits have to be submitted
to the requlatory authorities

Site choice based
on several criterias
such as geology,
end-consumers...

Goor No Go
from the
regulatory
authorities &
public

DRILLING & acceptance

TESTING

During the drilling phases,
workers are mobilised 24/24,
7/7 during approximatively
Go or No Go according a fourmonths for one well.
to temperature & s WO Wells are drilled: one for
flowrates production and an other one
for reinjection

OPERATION
OF THE PLANT

The operator of the plant is
responsible for the production
management, but also for
environmental aspects.

Several parameters are monitored
(e.g. well productivity and
injectivity, micro-seismicity,
ground deformation, gas emission,
radioactivity and waste disposal)

DECOMMISSIONING

The decommissioning

of the plant is done in an

Other use

environnementally
friendly way and doesn't

leave long term traces
on the landscape and

Operation authorization are
driven by the mining code

ecosystems.

n France.
com

Figurel A generic history of deepgeothermdprojectin continental Europe
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2 What is geothermatnergy?

Among the various energies available in the renewable panel, geothermal energy iscarbmm
emission energy, baseload, with a low surface impact. Taking heat from underneath the Earth surface
is not a new concept: in the Antiquity, hot springs were adle used daily. The energy available
underneath our feet come mainly from the natural radioactivity of the Earth: the radioactive decay of
the elements creates heat that can be harvest with different methodology, dependent on the geology
of the concerned ga, but also the depth and capacity of the heat extraction unit at the surface. The
GSNY WIaAS2GKSNXIFf SySNHEQ NBFSNA (2 OFNA2dza G§SOKy
house with a heat pump using the available temperature of 15°@vatdepth, but also produce
electricity or heatingor thousands of housings using a temperature of more than 150°C at higher
depth. The deeper, the higher the temperatundgll be and the extractive technique can be different
from a project to another. Hoever, the common thread is geothermal water, used as heat vector,
from the deep underground to the surface. This is the reason why in the exploration phase of a
geothermal project, the objective is to find available, hot water that can be pumped to ttiacsu
through deep wells (around 3000m). The main technical phases of a generic geothermal project
designed in the French part of the Rhine Graben are presentdtigumel.

MAP OF THE TEMPERATURES EXTRAPOLATED AT 5 KM DEPTH
SCALE 1:4,000,000

Figure2 Extrapolated temperature map at 5km deep in Europe Hurtig et al. 1992

In Europe, high temperatures at depth are well known from various deep drilling Eigtar€2). The

red spots on the map correspond to the most prieing zones where high temperatures could be

reached at drillable depthdeepgeothermal projects or installatids KA OK | NBE QORFHISH Wi
have a depth higher than 1500 m and a production temperature higher than 1208Gndard

geothermal system is made of two wells: one well for producing hot water and one well for reinjecting
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the colder water Figure3). Generally, a dowhole pump is used for extracting high flow rates and
thus reaching economic threshold.

Once at the surface, the geothermal hot water can be used variously, depending omtpertgure

range of the produced fluid. The discharged geothermal fluid at high temperature will go through an
exchanger with fresh water or an Organic Rankine Cycle fluid that will allow to take out the heat
(calories), and the geothermal water will be njgicted in the reservoir underneath at lower
temperature Figureb). The heat extracted will be used for heating (e.g. for the Paris basin area, where
150,000housings are heated with geothermal plant), industrial processes (e.g. for the Rittershoffen
heat phnt, Figured) or for the production of electricity using heat transfer fluid (e.g. SeadizsForéts
power plant).

Electricity distribution , T
: Heat distribution

' Production
' of heat and/or
ca | power

Geothermal
plant

70°C

Figure3 Sketch of a geeric deep geothermal project in continental Europe showing a doublet pumping aedtiegnin a
naturallypermeable faukd reservoir

In somevolcanicareas (e.g. in Italy, in the Tuscany region), the temperature of the geothermal water
is so high (mor¢han 300°C) thathe water is available under the steam state, in that case, the steam
pass directly though turbines to produce electridi@gures).
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Figure4 Therecent geothermal plantf Ritiershoffenproducing heat at high temperature (>16@iCsurfacg in the Upper
Rhine Grabersource ES

Turbine

Generator

Organic vapor

Condenser

JU

Heat
Exchanger

Cooled water =

THot water

Production well Injection well

Figureb Geothermal plant technologies used in Europe. ORC plant like in the Upper Rhine Graben
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Turbine

Generator Air + water (fog)

L I B
(—\.

Condenser

Separator

1 Steam
and hot water

Production well Injection well

T 1

Figure6 Geothermal plant technologies used in Europe. Flash plant like in Tuscany region, Italy

3 The insurance seime of geothermal projectstate of the art

In France, deep geothermal does not have a specific insurance scheme. As fva&@Jlants are
runningin Northern AlsaceSoultzsousForéts, to produce electricity and Rittershoffen to produce
heatfor industrial uses, while two others are under construction and more under development.

The insurancérameworkfor Soultz and Rittershoffegeothermalplants is organisedccording tahe
followingstructure Eigure?):

- ¢KS LIyl 602yaARSNBR Fa | WodzAf RAYy3IQu Aa 02
WOt aaAOl0lrtQ AGSYa &adzOK Fa FANBI AYUNHAAZ2YX
activitiesinducean earthquake strong enough to provoke damages, the insurance of the plant
will take in charge the cost of reparatianBhus, quotes and assessments will be done and
discussed betweethe insurers ofthe plant owner andthe representativeof the housing
insurance(Figure?).

- ¢KS 2LISNIG2NI 2F GKS LXIFyd Aa O20SNBR o6& Fy A
for the technicaloperatiors taken on the planitself. Thiscould covemunexpectedoperation
like productivity decreasedue to human error

- As the environmental issues coverage is very specific from an installation to anotier in
field of industry, a specifimsurance contract orthe financial coverage of environmental
potential damagess contracted.

In 1972, the OCDE rose tipolluter paysprinciple in which all the cost resulting from
preventive measures, pollution reduction or tackle measures haveetsupported by the
polluter. In France, this principle idescribed in a dedicated article dhe code de
t QSY @A NEWYoBmesa aw).
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It is important to notice that the risks related foackingare not includedin the contract neither
between the operator and the insurance company, nor between the owner of the plant and the
insurance companyn France, fracking is forbidden for O&G industries and geothermal developers are
authorized to inject with a maximum welead overpressure of 100 bars.

Therefore, the insurance premium of the housings surrounding a geothermal plant are not impacted
by the localisation of the plant, as any potential damages are covered by the (owning or operating)

company insurance contract.
- | j Plant Operator

Insurance

i

o EEEE D o

Plant Owner Housing Insurance
Insurance

Figure7 Schematic relationshifor insurancebetween geothermalplant owner, plant operator and housing
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4 Potential disturbances andanitoring of geothermal projects

The mairpotential disturbances that can occduring the operation of geothermal projecise listed
induced seismicity, gound deformation natural radioactivity degassingleaks, emissions, surface
disturbances (as vibrati@nnoise, visual, dustand occupation)wastes Among them, the ones that
can provokestructuraldamagesare monitored daily Also, activities are framed by the law (European
and national French) setting thresholdSuch legal framework is controlled by local mining authorities
under the umbrella of the Prefectur@ocal representative of the French governmemhichdelivers

a prefectural decree for operating during the concession, i.e. for 25 yeatrs.

All the potential disturbances described below are specific to a geothermal plant under operation.
They correspond to

explosionwhen the working fluid is an Organic Rankine Cycle pkigtie8),

gas emissiorin case of geothermal fluid releases in the atmosphé&igu(re9),

ground deformationlike subsidence in case of reservoir depletibig(rel0),
leakageof geothermal fluid in the environment due to a pipe failuFegurell),

vapor emisson related to temporary fluid discharge in the atmosphdFigurel?2),
induced seismicityrelated to thermehydromechanical response of the reservoir
during reinjection(Figurel3),

surface disturbancdike noise or vibrations generate by the pldRtgureld),

wastelike scaling or fluid@-igurelb),

1 natural radioactivityrelated to the composition of the scalirfgigurel6).

=A =A =4 4 -8 A

= =9

Figure8 Potential risk related to ORC plant like explosion
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