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IEC 2061/09

ISO/CEI 31010 Risk Management: Risk Assessment Methods

All human activities and industrial
operation have an impact on the
environment

Contruction of a reflective path to
minimize it
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Environmental risk assessment in DESTRESS
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D2.1 Risk assessment workflow for soft stimulation
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Why chemical stimulation is hazardous?

STEPS OF THE CHEMICAL STIMULATION

- Pre design
- Laboratory experiments PHASE 1

« By truck from the warehouse

« By crane to the storage place e
« On the storage place onsite PHASE 3
« Mixing of the acid PHASE 4

« Equipment of the well (packer or coiled tubing)

23.05.2018 5
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Risk assessment methods

SWIFT (STRUCTURED "WHAT-IF’ TECHNIQUE) SCENARIC ANALYSIS BRAINSTORMING

e More than 15

e Qualitative or quantitative
e Availability of data

* Time and resources

ISO/CEI 31010 Risk Management: Risk Assessment Methods

23.05.2018
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NATURAL ENVIRONMENT

STIMULATION SITE
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ON-SITE HUMAN ACTIVITIES

HUMAN ENVIRONMENT

SITE SETTINGS

The site setfing definition is a preliminary key-step to initiate the
risk workflow of the chemical stimulation.

To establish the context of the site setting, different parameters
should be taken info account.
Among them :
* The geological context,
including the reservoir and other rock formation
* The boreholes design and integrity
* The stimulation site,
corresponding fo the drilling or exploitation platform
* The human activities and the infrastructures
presented in the site
* The natural environment sourrounding the site

* The human environment and the critical infrastructures
located close to the site

kLDESTRESS



Stimulation design

« Preliminary laboratory tests

« Biodegradable product and HCI

- Corrosion inhibiter, clay stabilizer and intensifiers
«Triple phase injection

« Solid powder chemicals transportation and storage
« Adequate equipment

« Qualified human resources

« Duration : 1 week, at the end of summer

23.05.2018

RISK ASSESSMENT // CHEMICAL STIMULATION
CASE STUDY: ILLKIRCH GEOTHERMAL SITE CONTEXT

Matural environment

« Summer season with potential occurence of thunderstorm
+ Protected zones closed to the site

« Rhine aquifer, Rivers arround the site

« Arable land

Human environment and neighbouring infrastructures

« Urban area with low population density

« Palitical support of the project and positive feedback of the
population

« Good acceptability

« Good transport networks

« No cultural or historical heritage nearby

- Tertiary sector and industries

Platform, infrastructure and site access

« Provisory gravel road

+ Rig SMP 106 / Base Camp / Mud pit onsite / Forklift and cranes
+ 1.5 Ha platform / 25 t/m? / Draining system

Human activities
+ 20 to 30 people on site

< + No simultaneous activities

« Highly trained multilingual workers
+ Coordinator for the security and safety protection
« QHSE service provided by the service company

Borehole

« Directional wells with a classical borehole completion scheme
« New casings and fully cemented wells

« Fractured reservoir dominated by a fault structure

Reservoir

« Granite & Sandstone

« Fractures permeability and low matrix porosity
+2.5-3km/150-160°C/ 250-300bar

« NaCl dominated brine, TSD 100g/L with COz (GLR 1:1)

Other rock formations

+ Hydrocarbon reservair in the shallow layers

« Presence of clays and saline rocks

+ Deep aquifers (not exploited)

- Potential vertical natural inter-connections between aquifers
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People and infrastructures | 3
» Acceptability »
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Caption Date : 19/02/2018

Projet : Illkirch

B sSurface fluid leakage zone Auteur : R. HEHN
i issi Projection system: RGF93 Lambert 93
[T Underground fluid leakage and gas emission zone S T

[ Human environment

ES-Géothermie és. —&‘
26 Boulevard du Président Wilson
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FACILITATOR

EXPERT TEAM

23.05.2018

1. PREPARE THE MEETING o 4

2. LEAD THE MEETING -_

PLURIDISCIPLINARY EXPERTS
PARTICIPATE TO THE MEETING :
- SEMI-GUIDED BRAINSTORMING

METHODOLOGY
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CONTEXT STIMULATION STEPS CHECKLIST
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PRESENTATION TO THE TEAM

<______

NEW RISKS

IDENTIFIED RISKS LIST
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Case study

kLDESTRESS

Transport Crane accident on site with injury
ot Leakage on the storage place because of accidental damage on
orage
& acid reserve and damage on nearby environment
Leakage on the storage place because of accidental damage on
Storage

acid reserve and damage on people

Preparation

Chemical burns due to acid manipulation

Preparation

Injury due to accident during coiled tubing and packer jobs

Preparation

Moise and vibration nuisance due to mixing machines

Acid job Injury due to high pressure accident

Acid job Acid burns due to high pressure accident

Acid job Pollution of nearby environment due to high pressure accident
Acid job

Corrosion of the casing due to bad injection procedure, or

Phase Risk
Design Tifficre wnork related musculaskbalatsl Hiscrder
Design dent
Ph Risk

— dase IS
Transpao structures
Transport Truck accident with injury on people
Transport Truck accident with damages on surface water
Transport Truck accident with damages on soil

Crane accident on site with release of chemicals on the
Transport )

platform and damage on nearby environment
Transport Crane accident on site with release of chemicals and acid burns
Transport Crane accident on site with injury
<t Leakage on the storage place because of accidental damage on

arage
€ acid reserve and damage on nearby environment
st Leakage on the storage place because of accidental damage on
orage
g acid reserve and damage on people
23.05.2018
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RISK ANALYSIS

IDENTIFICATION LIST OF RISKS, SITUATIONS AND CONSEQUENCES
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A | SORTOUTTHE LIST "

' PREVIOULSY ESTABLISHED 3

PACILITATOR 1 Risk IDENTIFICATION) "

FACILITATOR

XX
+ bbb

EXPERT TEAM

COMPLETE THE
ANALYSIS DOCUMENT

I

12

13

14

STIMULATION
STEPS (DESIGN, TRANSPORT, STORAGE,
PREPARATION, ACID JOB, POST JOB)
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ANALYSIS DOCUMENT
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RISK

CAUSE

SECURITY CONTEXT
CONSEQUENCE
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Case study

Phase Risk Cause Security conmbext Consequence
Design physical harm bad ergonomy of working place Labour doctor consulted musculoskeletal disorder
_ . ) Security measures and formation of the o
Deszign chemical burn laboratory accident ] : . sevare injury
stimulation service compamy
. ) ] ) Security measures and formation of the .
Dexzign explosion or heat production aboratory accident ] ) ) severe injury
stirnulatinn spreire romoany
Control of driving skills by the employer and
Transport | Infrastructure damage | L. g ,I'I - ||:|E5tru-:tinn of 1st priority infrastructure |
Transport
[ ] [ ]
= | PR Risk | C S t text | C
daSe IS ause ecurity contex onsequence
Transport
Transport  |environmental harm crane acident .- : L pollution of nearby environment
and respect of working procedure ansite
. ) Control of oane driving skills by the employer .
Transport  |chemical burn crane accident . i severs injury
and respect of working procedure onsite
Comntrol of driwi kills by th |
Transport  |physical harm crane accident ontrel ot erane m.rlng Swils Dy the EI,TIF ayer casualties, injury
and respect of working procedure ansite
. : . Respect of working procedure onsite and of the . ;
Storage environmental harm storage integrity issue ) pollution of nearby environment
storage regulation
. ) L Respect of working procedure onsite and of the _
Storage chemical burn storage integrity issue _ SEVETE injury
storage regulation
Preparation |chemical burn manipulation accident Formation of operators SEVEm injury
) ) ) . Formation of operators, respect of working .
Preparation |physical harm operation accident . casualties, injury
procedure onsite
Preparation [noise and vibration nuisance working operatian Far from houses nervous breakdown
Respect of working procedure onsite, formation .
Acid lob physical harm operation accident - E p. ) . casualties, injury
of operators and certified eguipment
R ct of i dur ite, f ti .
Acid lob chemical burn operation accident Sspect ol working p!'iz.n:e . E.:II'IS = TRTEan SEVETE injury
of operators and certified eguipment
Respect of working procedure onsite, formation ) )
Acid Jlob environmental harm operation accident P E p. N . pollution of nearby environment
of operators and certified eguipment
Acid lob environmental harm well integrity accident Respect of injection procedure pollution of aguifer
Acid lob physical harm unexpected geclogical response Presence of BOP casualties, injury
Acid lob environmental harm well integrity accident Adequate well completion pollution of aguifer
Acid lob Infrastructure damage Induced seismicity Respect of regulation destruction of 1st priority infrastructure

&

DESTRESS

14



kLDESTRESS

RISK EVALUATION

ANALYSIS DOCUMENT VULNERABILITY
. . ‘ 1. EVALUATION OF THE RISKS | |PHASE i GRAVITY | EXPOSITION
‘ ~ BASED ON EXPERIENCE L —— Wi’fﬁﬁ — DURABILITY
l — — | | SECURITY CONTEXT :
EXPERT TEAM i — 1 13 14 .CONSEQUENCES ' PROBARBILITY
| STIMULATION
| STEPS
' 2. SET UP THE THRESHOLDS v
| PROBABILITY - + EVALUATED RISKS
| R1
- 3. FILL OUT OF THE RISK EVALUATION + +
" GRAPH R3
R2 4
GRAVITY
® i NOTA BENE :
- i THE FACILITATOR IS INVOLVED DURING
FACILITATOR | ALL THE STEPS OF RISK EVALUATION

23.05.2018 15



Case study

Référence  Phase Risk Cause Securlty context Consequence Frequency Gravity Final level
Rl Design phiysical harm bad ergonomy of working place Labour doctor consulted rmusculoskeletal disorder 2 2
Security measures and formation of the
R2 Design chemical bum laboratory accldent ¥ ' severs [njury 2 3
stimulation service company
Security measures and formation of the
A3 Design explosion ar heat production laboratory accldent < auara foiun 2 3
R4 Transport | Infrastructure damage road accident Iy infrastr fune 1 3
RS Transport  |Physical and psychological harm |road sccident wmatic s ess 1 4
® |
R& Transport  |emvironmental harm road accident ra v I t 1 2
¢e scald
nr Trensport  |emvironmental harm road accdent 1 a
A8 Transport  (environmental harm crane accident FOmment 1 2
i) Transport  |chermical bum crane accldent 1 3
R10 Transport  [phiysical harm crane accldent ® ° 1 4
Ril Storage environmental harm storage integrity issue F ro b a b I I I l y FOMENT 2 2
R12 Storage chemical bum storage integrity lssue 1 3
[ E] Preparation |chemical bumn manipulation soddent 2 3
R14 Preparation [physical harm operation accident LT Ty 1 4
procedure onsite
R15 Freparation [nolse and vibraton nulsance working operation Far from houses nervous breakdown 3 3
Respect of working procedure onsite, formation
R16  |Acid Job phiysical harm operation accldent SF"E = casualties, Imjury 1 4
of operators and certified eguipment
Respect of working procedure onsite, formation
R1T  |Acid Jok chemical bum operation accident - &p “ ' savere injury 1 3
of operators and certified equipment
Respect of working procedure onsite, formation
R1E  |Acid Job environmental harm operation accldent e = pollution of nearby emdronment 1 2
of operators and certified equipment
R19  |Acid Job environrmental harm well integrity soddent Respect of injection procedure pollution of aguifer 3 L.
R20  |Acid Job phiysical harm unexpected peological response Presence of BOP casualties, Injury 1 4
R21 Acid Job environmental harm well integrity soddent Adeguate wall completion pollution of aguifer 1 4
R¥2 Acld Job Infrastructure damage Induced selsmidty Respect of regulation destruction of 1t priority infrastr e 2 3
] Acid Job phiysical harm Induced selsmidiy Respect of regulation casualties, Imjury 2 4
R24  |Post job environmental harm unexpected reaction/corrosion products |Adequate design of the chemicals Pollution of environmenit 3 2
Adequate dezign of the chemicals. Gas detectors )
R25 Fost job phiysical harm unexpected readion/corrosion products in surface casualties, Injury, desease 3 a

23.05.2018
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Case study

One threshold

Multiplication=7

Multiplication
Threshold Probability

’ 1 = Almost never
2 = Sometimes

3 = Often

4 = Almost always

Gravity
1 = almost no damage
Multiplication 2= mlr?or damage
Threshold 3 = major damage
29, R 7 4 = exceptional damage

23.05.2018 17



RISK MITIGATION kLDESTRESS

i THIS STEP OF RISK ASSESSMENT EVALUATED RISKS GRAPH
1 IS AN INTERATIVE PROCESS
i THAT LEADS TO SUCCESSFUL
EXPERT TEAM : RISK MITIGATION PROBABILITY R1
+ ( _____________________
+ .
R2 4+ i
GRAVITY i
' :
1 1
1 1
: 1 F
v \ E
' F
IDENTIFICATION OF MITIGATION MEASURES ' D
1 B
. P A
I ' C
N\ : K
CONTEXT FEASIBILITY EVALUATION
- !
: 1
v '
UPDATE RISK ANALYSIS E
'

1
1
1
1
1
\'4

SUCCESSFUL RISK MITIGATION |/
23.05.2018 18



Case study

23.05.2018

Référence  Phase Risk Cause Security context Mitigation measures OIS UEnE
Rl Degign physical hanmm bad ergonomy of Lebaur doctor consulted musculoskeletal
A2 Degign e ermical bum |abaratory accidenmt Sediirity mesures and lormation of the SEVErE injury
lasi aat s iri b e irm e and Farmatine of tha
R3 Design =xp um?n orhes |abaratory accidenmt 3 y
praducticn 5
Infrastruct g I 1st
R4 Tramspsart rirastrcture road accident o
damage I rastricture
Physical and g Gai i
RS Tramipan s I_I road accident LY pas
paychological harm I |
RE Tramipsrt  |environmental harm |road sccident ] B e O re
I I
g f i
R? Transport  |environmental harm |road acodent = e
I funa and
- i . d f nearby
Ra ranspiart  |environmental harm |crane acddent - I l it
e} Transpart  |chemical bum crane acddent ; v S a e r Py
R1D Tramsport | physical hamm crane aocident ] injury
L [ ] [ ] [ ]
[ t t 1 ]
R11 Storage environmental harm |storage integrity issue m I I a I O n :“H" ¥
i ul
R
R12 Storage chemical burm storage integrity issue ry
i
R13 Preparation [dhemical bum manipul ation accident |F ry
H
R14 Preparation |physical hamm operation scident injury
B
. naise and wibration . . L. . .
R1S Preparation — waorking operation Far fram houses Maize insulation of equipment nereaus breakdown
R t ol ki d ite, i L
R1E Acid Job physical hanm operation sident SRECL ST AnrEng P_"'_‘LE url:.unu = e casualties, injury
of operators and certified equipment
P t of ki d ite, 1 Lo -
R17 Acid lob chermical burm operation sccident SpEChel Workne P."'TLE l.IrE.IJI'I!.-I i SEveEne injury
of operators and certified equipment
R t of ki d ite, I it lutien af 4]
R1E fcid Jlob enviranmental harm |operation scident SpECt ot working P_"'_,LE ure.um-l =, foimron pa u van af nearhy
of aperatons and cerntified equipment enviranment
Consideration of initial well
R1% Acid Job enviranmental harm |well integrity accident |Respect of injection procedure il:::.::ri'zlm o Tt pallution af sguifer
ted | ongi sl Adeqguate BOP and wellhead
R20 Argid Job physical hanm HRERpESEC BRI Evistancs of BOP ) s . ® i wetiea casualties, injury
rELponse dimemionmeant
R21 Agid lob enviranmental harm |well integrity accident  |Adeguate well completion palluticn of sguiler
Infrastruct Fi itori I the induced destructi I 1st
R22 Acid Job rrastrueare Induced seismicity Respect of regulation "-_IE "_-"J_m r.|r|n,g.u = e . E_h r_UL -|r.|r| o
damage seismicity, real ime expert analysis |priority infrastructure
Fi itari I the induced
R23 Argid Job physical hanm Induced seismicity Respect of regulation "-_IE ”,-":fm urlrtg.u = (e . |imjury
seismicity, real time expert analysis

DESTRESS
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Conclusion

» Reflective path to minimize the impact of
chemical stimulation operation on the environment

e Easily applicable

* It will be applied for the forthcoming chemical
stimulation in Soultz-sous-Foréts

Chemical stimulation at Rittershoffen c. ES

23.05.2018 20



