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Carbon Capture Utilization arfstorage,Enhanced Geotherm@ystem,Unconventional Oil
and Gas, Risk, Risk managemenDesign to Production Test Stage, Operation and
Maintenance Stage, Closure/Decommissioning/Rastsfer Stage
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Acronyms Definitions

CCuUs Carbon Capture Utilization and Storage
EGS Enhanced Geothermal System

UoG UnconventionaDil and Gas

GHG Greenhouse Gas

EOR Enhanced Oil Recovery

RD&D Research, Development, and Demonstration
LHV Lower Heating Value

MMP Minimum Miscibility Pressure

LCA Lifecycle Analysis

MAS Migration Assisted Storage

ECBM Enhanced Coal Bed Methane

EHR Enhanced Hydrocarbon Recovery

UCG Underground Coal Gasification

EGR Enhanced Gas Recovery

IGCC Integrated Gasification Combined Cycle
FEPs Features, Events, and Processes

FMECA Failure Modes, Effects, and Criticality Analysis
DHSV DownholeSafety Valve

EDCs Endocrine Disrupting Chemicals

COSHH Control ofSubstances Hazardous to Health
PUWER Provision and Usef Work Equipment Regulations
BSOR Borehole Sites and Operations Regulations
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1.1 General context

In this report, aspecific set of guidelines is developed gathering the knowledge, experience
and best practice for managing leakage events for technologies such as:

W Carbon Capture Utilization and Storage (CCUS)

W Enhanced Geothermal Systems (EGS)

() Unconventional Oil and Gas (UOG).

¢tKS RStEAPSNIOGES yduI gKAOK RSI {Sirface GdoRnergyK S V.
hLISNI 6A2yaQ LINPGARSE (GKS o0FO13INBdzyR AYyT2NXI
protocols described in this report withfim the basis of operator policies and procedures and

inform government authorities and regulatory bodies when setting legislation for each

technology. The policy recommendations for the environmentally conscious deployment of
sub-surface operationsire covered in Deliverable 8.4.

The core of the current document (deliverable 8.3) consists of management of leakage events
for different technologies. There is bound to be certain overlap with the mitigation actions
recommended in deliverable 8.2. However, totpn simply, this document is more about
what happens if there is a leakage event and the associated remedial actions. Emergency and
crisis management recommendations are provided based on inputs received from S4CE
specific work sites

1.2 Deliverable objectves

I O0O2NRAY3I (2 GKS LINRP2SOG RSaAONARLIIAZ2YZIZ (KS 2¢
of guidelines will be developed gathering the knowledge, experience and best practice for
managing leakage events for each technology. Specifically igiewtia range of different
failure modes and how they would be detected and the protocols following each type of
SPSyi Qo
This document meets the objective by covering various life stages of a plant for each of the
different subsurface techniques including:

91 Design to Production Test Stage

1 Operation and Maintenance Stage

1 Closure/Decommissioning/Pestansfer Stage
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The authors would like to specifically acknowledge SHEIdESite partners such as United

Downs Deep Geothermal Power Project site at Cornw&ll, St.Galler Stadtwerke site at St.

Gallen, Switzerland and Carbfix CCUS site at Icdanproviding valuable inputs pertaining

to management of leakage events for ssilrface geo energy operations.
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In order to meet the objecties for the deliverable, comprehensive study is carried out

through following steps:

T

PU

Collecting and anafing information from S4CE specific sites. Sites under the purview
of subsurface geeenergy operations are included and these are United Downs Deep
Geothermal Power Prect site at Cornwall, UK (heatter referred to as Cornwall site

in the report), St.Galler Stadtwerke site $t. Gallen, Switzerland (hexiter referred

to as St. Gallen site in the report) and Carbfik)SGite at Iceland (heséer referred

to as Carbfix site in the report).

Collecting and anaing information from other relevant consortium partners in the

LINE2SOG® LylLldzia FNB 2060l AySR T NPRbased dzii y 2
software for environmental impact dStNXY Ay I G A2y Q O NNRA SR 2 dzi ¢
'Y FyR Gl &1l poy WSWAESE 2d.avvbyy (! y2IFE &13KASE G dif &1 A

Extensive desktop study is carried out based on various standadisther relevant
publications Inputs from relevat journalpublications are included ithe report.

The task made use of TWI library database and valuable inputs are démved
industrial members who are also the owners of TWI.

TheS4CHmrdvisory boaranembers contributedn years of technical expertisd which
we have been made usef to develop this report.

Various inputshave beensought and obtained from regulatory agencies and other
relevant organizations such as the International Geothermal Organization and
Environment agency, UK.

The Covidl9 pandemic hppened during the last ya of the project. Even thoughe
effects of Covidl9 are not mentioned for the scope of deliverables in Work package
8 (WP 8), an effort has been made assess the impact of Covl® especially on the
geothermal energy particutyy focusing on the European context. This study is
included as appropriate in the three deliverables of WP8 mentioned in the previous
section.
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The safety of subsurface gemergy operations such a€CUSgeological storage, EGS
reservoir and unconventional oil and gas is imperative throughout the project life cycle due
to the obvious risk involving various geological processes and are driven by health and safety
concern for all parties involved. The ridlentification and management are an ongoing and
iterative process through the project life cycle, with numerous updates from the additional
data collected on the site characteristics and performance, resulting in a better understanding
of risk and uncertities. This section deawith CCUS technique and has inputs relating to
geological storage of carbon dioxide, recommended monitoring techniques for CCUS and
inputs from S4CE specific CCUS site (Carbfix site, Iceland).

3.1 Geological storage of carbon dioxide

The standard view prescribes th@0Q can be stored in geological formations such as deep
salineaquifers thathave no other practical use, and oil or gas reservoirs. Geological storage
is at present considerethe most viable option for the storage oh¢ large C@quantities
needed to effectively reduce global warming and related climate change. A typical geological
storage site can hold several tens of million tonnes of @4pped by different physical and
chemical mechanisni4].

Three different geological formations are commonly considered fors@Page: depleted (or
nearly depleted) oil and gas reservoirs,-mmeable coal beds, and saline aquifers. Deep
ocean storage is also a feasible option fop &10rage although environmental concerns (such
as ocean acidification and eutrophication) will likely limit its application. It has been shown
that CQ storage potential can reach 400,000 GT for deep saline aquifers compared with
the only 920GT for depted oil and gas and 415 GT inmmeable coal seanig].

Figurel shows the life cycle diagram for a £g&ological storage project showing decision
gates (diamonds) and permits (stars) in DNNRBL203[3].

® © O O o o o

Initiate Select Select Storage Permit Initiate Initiate CO, Qualify for Decommision
Project Prospective Sites Storage Site application Construction Injection Site Closure

Figurel. Life cycle diagram for a @@eological storage pre¢t [3]

Storage site screening and is the process of evaluating the potential ge®f@gical storage
in a given region, screening those that are prospective and developing one or more to a level
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of maturity suitable for beginning the process of applying for a storage permit at milestone
M3 (select storage site).

3.1.1 Screening

Storage site screening is the process of evaluating the potential fog&ilbgical storage in

a given region. The steps include screening basis, screening plan, data collection and review,
uncertainty asessment, and risk assessments thgresent a generic recommendation of

screening activities applicable to any region. Shestepsare expected to vary between

regions depending on the quality and quantity of existing data. The output from storage site
AONBSYyAy3d aKz2dzZ R 6S | fAad 2F LRISYGAlt &adz2N
down in the screening basiThe screening process shall be documented in a screening report.

The purpose of risk assessment is to develop an initial risk register for each potential storage

site within the context of the preceding uncertainty assessment. The initial risk regjsieltd

be used for comparison in the following selection step and should be suitable for independent
audit and verification.

This step represents the first risk assessment for the storage sites being screened and the
resulting risk register should forniné basis for documenting the history of successive risk
assessments. An electronic risk database is recommended over a simple spreadsheet to keep
track of changes over time and manage actions and responsibilities related to individual risks
or groups of 8ks.

The risk register should describe the methodologies and tools applied to assess and manage
risks, define the consequence categories and describe the risk evaluation criteria for each
consequence category tuned to the scope and objectives of the drdjee risk evaluation
criteria can entail the use of qualitative or quantitative likelihood and consequence classes.

For each identified risk, the initial risk register should contain the following information from
the risk assessment:

1 Adescription of tle potential causes and consequences of the risk

1 The estimated likelihood and severity of potential consequences before risk
treatment

1 Preferred risk controls

1 The estimated likelihood and severity of potential consequences after preferred
risk controls aremplemented together with an explanation of the basis for the risk
evaluation

1 The names of the people assigned witte responsibility to implement preferred
risk controls

PU Page9 of 66 Version3.0
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M The risk owner.

Revisions to the risk register should be documented in a transparehtraceable way. This
includes documenting the basis and rationale for revisions, the date that specific revisions
were made, and by whom. The risk register should also track the m#eess of
implemented risk treatment, also when the effect is irtaance with prior assessments of

its effectivenessNote that a description of approaches to analyse risks is presented in
Deliverable 5.10, where the multi risk assessment has been combined with the life cycle
assessment, to provide an innovative apprbdo risk assessment.

3.1.2 Appraisal

The purpose of this stage is to appraise prospective storage sites in detail and develop a well
engineering concept that provides the required capacity, injectivity and containment.

An gppraisal should be carried out forpartfolio of prospective storage sites to minimise the
risk of not discovering a suitable storage site in a given area.

The storage site appraisal process shall provide an operator with enough technical
information to determine which storage sites remgnospective at milestone M3 (select
storage site) and select the best candidate. The appraisal process shall be documented in an
appraisal report.

If successful, the appraisal process shall provide the information required to compile a robust
storage perntiapplication.

The following steps represent a generic recommendation of appraisal activities applicable to
any region. The scope of the steps is expected to vary between regions depending on the
guality and quantity of existing data.

3.1.3 Risk management

The purpose of risk management is to ensure that opportunities and risks related to the
geological storage of G@t a given site are effectively managed in an accurate, balanced,
transparent and traceable way. The recommended risk management process isiedodif
from 1SO 3100(4] to take account of specific considerations for.@®@ological storage and

is illustrated inFigure2. This process is designed to:

1 Runin parallel with the project life cycle stagedrigurel

1 Provide CQstorage operators with decision support at key project milestones
1 Reduce cost and schedule risks during storage site screening and appraisal
1 Improve storage performance during tloperatng stage
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Increase the likelihood of obtaining storaged closure permits in a timely manner

Assess risks: Pl
_ : an and
Establish e Identify b assess rlisk
context e Analyze
e FEvaluate treatment

Iterate &
calibrate : ¢ ¢

Monitor, review and document -

Figure2. Recommended risk management process fos @¥dlogical storaggt]

The context of the risk management processsistof:

= -4 -4 4 -

)l

Defining the project objectives

Defining the responsibilities for and within the risk management process
Defining the scope of the risk management process

Identifying and specifying the decisions that have to be made

Defining the consequence categorieshie used

Defining the risk evaluation criteria to be used

(1) Scope

Tablel describesnternal and external factors that an operator shall take into account when

defining the scope of the risk management process.

(2) Consequence categories

Risks may be usefully groupedartategories according to the nature of their consequences.

The consequence categories for risk management of asBfage site shall include the

following:

)l

1
1
1

Human health and safety
Environmental protection
Sorage site containment
Sorage site performane.

The consequence categories should also include the following:

1
1

PU

Legal and regulatory compliance
Cost
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1 Shedule
1 Reputation

It is noted that theoperator may use additionaisk categories as appropriate.

Stakeholder views and risk perceptions shall be adésjy understood and appropriately
GKSY aLISOAFeAy3a O2yaSljdsSyos
assumptions, capabilities, and concerns that rafigctdecisions based on risk considerations

O2y&aARSNBR

or hinder the achievement of objectivatall be identified and recorded.

PU

Tablel. Internal and external factors affecting the risk management context

Environment, resources, infrastructurend subsurfacelevelopments

1 2 3 4
Natural Resources: Infrastructure and| Subsurface
environment: groundwater, | facilities: devdopments:
meteorology, hydrocarbon | buildings, hydrocarbon

surface/marine
environment

and mineral | transportation
reserves, oal | corridors (roads,

production, mineral
extraction, mining,

(ecology, wildlife, seams, railroads, waste disposal,
botanic, parks geothermal pipelines, etc.), natural gas storage,
and reserves, etc.), | energy. power acid gas disposal,
biosphere, distribution lines, | geothermal energy
hydrosphere, and oil and gas conversion.
geosphere (including production and
geology, processing
hydrogeology, facilities, wells,
geo-chemistry, groundwater
tectonics and reservoirs.
seismicity).
Social, cultural, political and economical

5 6 7

Demographic, Political elements and trends that| Geographic and

historical and
cultural factors that
caninfluence how
the project will
affect or beviewed
by stakeholders.

may influence the perception
and/or financing of a storage site.

temporal economic
factors, including
possible effects of
the project uponthe
local economy.

Legal, regulatory, and industry practice

8

9

10

Relevant directives,
acts and regulations
applicable to storage
sites and any active
initiatives to
introduce new or

Relevant codestandards,
protocols and guidelines that may|
serve to guide risk management
and facilitate demonstration of
compliance with regulations, acts
and directives.

Manuals that
document current
industry practice and
guide costeffective
implementation of
CQstorage

modify existing

technology and in
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directives, acts or accordance with bes
regulations. industry practice.

(1) Risk evaluation criteria

The operator shall define risk evaluation criteria to be used to evaluate the significatiee of

risk. The criteria shall baligned with the project objectives anghay be derived from

regulations, standards, recommended practices or other requirements.

The operator shall consider the following factors when defining risk evaluation criteria for a

CQ storage site:

)l

PU

The distinction between risks to performance and cantaent (commercial versus
environmental criteriafor example)

The timeframe of reference for a given risk (different for operational and {post
closure risks, amongst others)

How likelihood may be defined (qualitatively or quantitatively as a probability or
frequency)

The views of stakeholders (for example commercial partners)

How combinations of multiple risks may be linked together to create risk scenarios
(for example leakage of formation fluids to surface along an abandoned well)

The level at which a given risk becomes acceptable or tolerable (for example the
frequency values that correspond to the three regiongigure3). Thelevel of a
risk may be unacceptable, tolerable or broadly acceptable:

Pagel3of 66 Version3.0
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Risks cannot be justified
except in extraordinary
circumstances

Unacceptable
Region

Tolerable only if risk
reduction is impracticable
orif the cost is grossly
disproportionate to the
improvement gained

Tolerable or
ALARP Region

Broadly Acceptable
or Negligible Region

Mo nead for detailed effort
o demonsirate ALARP

Figure3. Levels of risk that should be used to establish risk evaluation criteria

3.1.4 Risk assessment

The operator shall assess risks using ttiree-stageapproach;they are risk identification,

Risk analysis and risk evaluation.

(1) Risk identification

The operator shall perform a comprehensive risk identification process that considers all

relevant risks, and documents in a transparent, traceable and consisiznner thatthreats,

events and consequences have been considered. The risk identification process shall be

tailored to the relevanof development for a project, for example screening risk assessment

or appraisal risk assessment.

The following activigs shall be performed:

1 Identification of threats to the consequence categories established in the risk

management context

1 Identification of additional threats related to novel aspects of the project, for

example:

Unique features of the storage site undeonsideration

= =2 =4 =1

One or more threatevent scenarios

PU Pagel4 of 66
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Identification and description of risk scenarios for each threat containing:
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One or more evernconsequence scenarios

Comparisonof identified risk scenarios with an acknowledged database of threats,
events and consequences

Description of environmental and economic receptors that may be negatively
impacted bythe potential loss of containment or gemechanical responses to the
CQ injection and storage operations

Identification of interdependencies between different risk scenarios, including
potential for cascading effects that may incredhe likelihood of occurrence or
severity of consequences.

Risk analysis

Risk analysis aims émhance the understanding of risks, including the nature of the risk itself,
the likelihood of occurrence and the severity of potential consequences to the relevant

consequence categories for each risk. The risk analysis shall:

M

M

Be technically defensible ahbased orthe best available knowledge or scientific
reasoning

Assess the span of possible system performance scenarios, and evaluate risk
treatment options

Provide the technical basis for evaluating risks, and, whenever practically feasible,
assess andugntify the degree of uncertainty in the level of risk.

Where sufficient and demonstrably relevant data can be obtained, quantification of likelihood

and consequenceshall be based on appropriate scientific reasoning or auditable statistics

and/or calcudtions. Otherwise, quantification shall be based upon the documented judgment

of experts who are qualified in terms of applicable professional expertise and project

knowledge. Care shall be exercised to ensure that the results of the risk evaluatioit exhib

reasonable accuracy. If significant uncertainty related to risk magnitude exists, relative to the

risk evaluation criteria, then the degree dtiie uncertainty shall be modelled through

sensitivity studies or scenario analyses and be used to providemabke uncertainty bands.

The operator shall document in a transparent, traceable and consistent manner how each of

the following activities has been performed in the risk analysis process:

T
T

PU

Analysis othe likelihood of occurrence for each identified risgenario

Analysis of severity of potential consequences to the consequence categories for
each identified risk scenario
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1 Analysis of uncertainty in the likelihood of occurrence and severity of potential
consequences for each risk scenario

1 Identification ofmeasures to reduce or managfee uncertainty that can influence
the risk evaluation and/or selection of risk treatment, and assessment of the
effectiveness of these measures

1 Identification and visualization of risk controls in an ev&rdused way:
1 Preventve controls that may be applied to threatent scenarios

1 Mitigation controls (including corrective controls) that may be applied to event
conseguence scenarios

1 Assessment of the uncertainty associated with the effectiveness of risk controls

1 Identification of monitoring targets and performance requirents for monitoring
technologies(sensitivities and spatial and temporal resolution and coverage)
required for timely implementation of appropriate risk treatment.

3.1.5 Qualification for existing wells for potenal CQ storage

Existing wells at potential GGtorage locations are regarded as familiar technology exposed
to a new environment. Well qualification refers to the process of providing the evidence that
a given well will function within specific limits with an acceptable level of confidence when
expowd to the effects of C&xtorage. This well qualification procedure should apply to:

1 Plugged and abandoned wells that shall continue to provide formation fluid
containment

1 Active or suspended wells that shall be plugged and abandoned prior to CO
storage operations

1 Active wells that shall retain their original function duringG@rage operations
before final plugging and abandonment

Thestatusof existing wells that may be exposed to the effects of &@rage shall have been
established duringhe screening and appraisal stage risk assessments. The task of well
gualification is then to:

1 Identify risks to the future performance and reliability of a given well (failure
modes and mechanisms)

1 Reduce these risks in a systematic manner by targetealification activities (for
example by testing and analysis)
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1 Design monitoring activities that shall trigger specified risk reduction measures in
the future.

The well performance requirements shall reflect the storage site requirements specified in
the appraisal basis. Examples of well performance requirements are:

1 Reliability requirements related to selected functions
Qustained annulus pressure limits

Completion string leak rate limits

Wear/corrosion tolerances within the completion string

EE W

Casing corrosiomate limits.

Figuredillustrates the steps in the well qualification process. Well qualification activities prior
to M3 are designed to provide the basis for the engineering concept selection. Well
gualification ativities prior to M4 are designed to provide the basis for the Storage Permit
application. Detailed design and well deployment are assumed to take place after M4 and are
not included in this guideline.

(a) Assess well integrity risks for existing wells
Well integrity risks include existing inherent risks without.&frage and additional risks
caused by C&torage. The ler is a function of the likelihood of a well being exposed to the
effects of C@storage (reservoir dynamics) and well integrity failimethe event of such
exposure. It should be pointed out that the S4CE consortium has developed a few
technologies that could be used to assess the integrity of a well. These are described in
Deliverable 7.4. Such technologies could help enhance the agcofaisk assessment for a
given field site.

A number of co components may typically be associated with industris$t@ams, such as
those listed below. The well qualification issues related to these are not specifically addressed
in this guideline, bumay be handled by the same qualification methodology:

1 Fracking fluids additiveend other chemicalsssociated with b8 either present in
the injection stream or released in the geological formation by. CO

1 Nitrogen and Argon; these are n@mondensabland will alter the vaporization and
condensation properties of the GGtream.

1 Oxygen; this may increase corrosion rates.

1 Trace components, such as seal oil from compressors.
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(1) define risk criteria and plan risk assessment

Risk criteria for evaluating thegsificance of well integrity risks need to be defined by the
project developer. The risk criteria should reflect the objectives and context for the risk
assessment. Adequate consideration should be given to the time and resources available,
stakeholder \vews and risk perceptions, and the applicable legal and regulatory requirements.
The risk criteria chosen should be continuously reviewed.

I
C Begin site Short-list Select site & Storage Permit
— 2&g g
9 screening storage sites engineering concept (5F) application
=X
=
o —
S V/\EEP § Assess & Select 7 8P
[
4] Assess well Begin qualification Assess
ol integrity risks of existing wells performance &
= for existing wells as required qualify wells
£
[
° g— —
Define the risk assessment Setrequirements in Execute well gualification
scope & criteria qualification basis ' activities
L] v v
Plan the risk assessment & = Assess results against
collect data ™ % requirements
v M 2 .
. . - Perform risk assessment g | :
—m  |dentify well integrity risks a2l el ! E Nu——*’"ﬁequrements "'_"jf‘>'
L] ¥ 5 Yes
F o Plan well qualification & B Communicate results for
Analyse wel nteg-lty risks select quallﬁcaﬁﬁn activities ™ %‘ decision support at M4
¥ ¥
Evaluate well integrity risks el el
of success

Evaluate n;f\d\\ A;Iuate nead

for further analysis...— for modifications Yes
T /
Noy No
|dentify nsk control Communicate results for )
measures decision support at M3
v
Communicate results for |
decision support at M2
Risk assessment Risk treatment

Figured. Flow diagram showing the structure of tiaell qualification procesfb]

Prior to specifying risk criteria, the categories for which risks will be evaluated shall be
defined. These include:

 Human health and safety;
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Environmental protection;

Legal and regulatory compliance;

Cost;

Project schedule;

= -4 -4 -4 -

Reputation;
1 Well integrity (functional) performance

The following points should be considered when defining risk criteria for well integrity
assessments:

1 The categories of risk for the G@eological storage project established in the
WaONBSyAym; oaraqQ ads
1 The nature and type of causes and consequences that can occur and how they will

be measured;

1 How likelihood will be defined (for example qualitatively or as a quantitative
probability);

The timeframe of interest;
How the level of risk is to be detarined;

The level at which the risk becomes acceptable or tolerable;

= = =4 =2

Whether combinations of multiple risks should be taken into account and, if so,
how and which combinations should be considered (for example leakage pathways
composed of multiple failures)

In order for the risk criteria to be adequate to support a storage site selection decision they
should:

1 Be suitable for decisions regarding Asdducing measures to levels as low as
reasonably practicable;

1 Be suitable for communication;
1 Be unambiguousn their formulation;

1 Not favour any particular concept solution explicitly nor implicitly through the way
in which risk is expressed.

In addition, risk criteria for GOeakage rates related to existing wells should be consistent
with the overall storageite containment criteria.
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The assessment plan should include a plan for data collection and take into account the
availability of data, the number of wells, the regulatory environment) theage of the wells

in the area and possibly the potential presence of unidentified wells that penetrate the
storage volume.

(2) Identify, analyse and evaluate well integrity risks

Risk identification is the process of finding, recognizing and describingldsksfication of
failure modes that individually or in comlaition have potential to causaf well integrity, and
have a significant negative impact on one of the identified elements of concern. Risk
identification can involve historical data, theoreti@lalysis, informed and expert opinions
FYR adl {SK2f RSNNa ySSRad /2YyaAARSNI A2y &aK2c
applicability of the data collected.

Risks may be internal or external to the well. This system should be analysed in terrbs of su
systems, such as well barriers, in order to facilitate risk identification. A systetidor
identification of possible failure modes should be established and described. The risk
identification should be undertaken by personnel, or groups of personnab \are
knowledgeable about the design, operation and maintenance of the well under
consideration.

The risk analysis is to determine the level of risk for each failure mode bysagalts
consequence and likelihood. Risk analysis involves consideratitime afonsequences of

failure modes and the likelihood of these to occur. Classes of likelihood and classes reflecting

the consequence severity should be defined in the case of a qualitative assessment. Based on
these definitions a risk matrix shall also thefined showing fully acceptable combinations

6at 26 NARAT£€0 YR dzyl OOSLIiltofS O2Yo0AYyl GA2ya o
OGYSRAdZY NRA&a(1é0 2F fA1SEtAK22R YR O2yaSldzsSyc
assigned a likelihoodass and consequence class based on documented reliability or expert
judgments. In the lattercase,uncertainties shall be reflected by selecting conservative
classes.

2 A0K NB3IFNR G2 02yaSljdzsSyoS |ylrfteara 2y WLIS:
individuals from injuries and fatalities attributable to the identified hazards. Consequence
analysis for the environment should examine any potential local effects on the ecosystem and

the overall impact of GHG storage, such as:

1 No effect on the net GHG befieof the CCUStorage site;
1 Insignificant effect on the net GHG benefit of the storage site;

1 Noticeable reduction in the net GHG benefit of the storage site;
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1 Net GHG benefit of the storage site cancelled out.
The consequence impact analysis for assetaiEhexamine:

Individual wells;
Well inventory;
Reservoir;
Associated facilities;

Nearby infrastructure/environment;

= =4 4 A4 -4 -4

Natural resources including, but not restricted to, freshwater, oil & gas, coal,
geothermal and minerals.

Failure modes with medium artdgh risk should be investigated further in the event that a
well is selected for further development and are defined as failure modes of concern. Failure
modes with low risk can be concluded based on a qualitative assessment made by qualified
personnel. Rilure modes with low risk should not be deleted from the list of possible failure
modes.

The second stage of risk evaluation should group the findings for each well into an overall
evaluation for each storage site. This storage-ltee| evaluation shodlthen form the basis

for comparing the well integrity risks at each storage site in the slginhg process at
milestone M2.

If a storage site is subsequently chosen for development then risk control measures, such as
well qualification, should be basenh the findings of this risk evaluation.

In somecircumstancesthe risk evaluation may lead to a decision to undertake further risk
analysis. This may be particularly relevant at storage sites with a large number of existing
wells, which require an iterative approach to risk analysis.

(3) Identify risk control measures

This step is to identify measures for controlling unacceptable risks in the event that a given
storage site is selected for development. Risk control measures for well integrity may include
the following:

1 Re-designing the Cg&storage site and/or injectiontsategy to remove or reduce
the risk source;

1 Well intervention to remove the risk source by repairing, strengthening or
replacing specific components in the well;

1 Monitoring of well barriers to identify emerging risks.
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(b) Begin qualification of existing wells

Well qualification should be applied to all types of existing wells that may be exposed to the

effects of CQstorage:

T

Plugged and abandoned wells that should continue to provide formation fluid
containment;

Active wells that should be plugged amabandoned prior to Cf®storage
operations;

Active wells that should retain their original function during.G@rage operations
before final plugging and abandonment;

Active wells that should have a modified function duringpGrage operations
before final plugging and abandonment.

The following principles should apply to well qualification:

M

A qualification strategy should be developed to bring a well from its current state
to a defined target state or to assess the present condition of the well;

Secifications and requirements should be clearly defined, quantified and
documented;

The performance margins and the margins to failure should be established based
on recognised methods;

Failure modes that are not identified may pose a risk to the successful
implementation of the well. This residual risk is managed by ensuring the relevant
competencies are used and by challenging the critical assumptions during the
course of qualification;

The qualification process should be based on a systematichas&dapproach
and performed by a qualification team possessing all required competencies;

When service experience is used as proof of fulfilment of the specifications, then
evidence of that experience should be collated and validated;

The work should be documéed and traceable;
An iterative approach is recommended when uncertainties are very large;

The typical quality assurance system for drilling, completing and pluggimad
abandonment

(1) Perform well assessment
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Well performance requirements include thgerformance requirements throughout the
extended lifetime of the well. The well performance requirements should reflect the storage
site selection criteria.

Assess the wetb focus the effort where the related uncertainty for adverse consequence is
most sgnificant. Alsq assess maintenance, condition monitoring and possible modification
effects. Input to the well assessment comes from the qualification basis, and the output is a
list of the C@geological storage related components in the concept andtlaén challenges

and uncertainties.

The well assessment should include the following steps:
1 Breaking down the well into manageable components;

1 Assessment of the well components with respect to.Qf@ological storage
implications (well classification);

1 Identification of the main challenges and uncertainties.
(2) Perform risk assessment for well qualification

The objective of this step is to identify all relevant failure modes of concern with underlying
failure mechanisms for each well and assess the associates] ri

Special considerations for well integrity under exposure te: CO

1 The dominating failure mechanism related ltmg-term exposure to C®or CQ
saturated formation fluids io be corrosion of carbon steel pipe and degradation
of cement. The probabilityof failure modes resulting from these failure
mechanisms will depend on the corrosion and degradation rates that are assumed.

Special considerations for well integrity under exposure tg: CO

1 Corrosion of carbon steel pipe and degradation of cement: thaidating failure
mechanism related ttong-term exposure to C&or CQ saturated formation fluids
is anticipated to be corrosion of steel pipe and degradation of cement. The
probability of failure modes resulting from these failure mechanisms will depend
on the corrosion and degradation rates that are assumed.

91 Elastomers: routinely used as sealing elements and can be found in surface and
downhole valves, packers and downhole seals. 2€sents additional challenges
to elastomer design. Elastomers shouldist explosive decompression (rapid gas
decompression) and be qualified appropriately.
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1 Blowdown considerations: blowdown of CQin liquid or super critical phase is a
challenge. In addition to the low temperatures, dry ice may land locally and create
hazards, or in extreme cases cause erosion of the vent pipework. Design of wireline
and coiled tubing systems and operations shdakk this into consideration.

1 Before depressurisation. This operational need also exists with downhole safety
valve testing and this may be the dimensioning case for surface pressure control
equipment.

1 Annulus management: the qualification process shoudneine the management
of the annulus condition during the injection phase to detect well integrity
problems early and prevent corrosion of casing and tubing. Condition monitoring
of the annulus during the injection phase could inclusle@ssuremonitoring,
measurement of topup volumes, sampling of annulus fluids, and pressure volume
measurements.

(c) Assess performance & qualify wells
(1) Execute well qualification activities

The qualification activities include failure mode detection, collection and documentafion
data and Ensuring traceability of data.

Failure modes detected during execution of the qualification activities (quality control
gualification test, acceptance tests or later operations) should be recorded and documented.
When a failure mode is detedlein the qualification process, the occurrence of the failure
mode should be evaluated. The documented evidence from the execution of the qualification
activities should enable the performance assessment step to be camied

The documented evidence frothe execution of the qualification activities should enable the
performance assessment step to be carried out. The failure mode register should be used to
follow up the data collection and the qualification of the well.

In order to ensure traceability afata, an audit trail should be provided for the qualification
process. The data should be organized in such a manner that there is a clear link between the
steps of the qualification process, from the qualification basis to performance assessment. It
should be possible to trace the threads that have been identified, how they have been
addressed (test, analysis, previous experience, etc.), what evidence has been developed (test
and analysis reports), and how that evidence meets requirements in the welfigaiidin

basis.

(2) Assess results against requirements
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This is tadecidewhetherthe well qualification has been successful by assessing the available
evidence against the requirements specified in the well qualification basis. Key steps of the
performance asessment are to:

1 Interpret the evidence to account for simplifications and assumptions made when
the evidence was generated and limitations and approximations in the methods
used,

1 CGonfirm that the qualification activities have been carried out and that tis&
criteria have been met. A key part of this confirmation is to carry out a gap analysis
to ensure that the qualification evidence for each identified failure mode meets
the specified risk criteria,;

1 Perform a sensitivity analysis of relevant paramegéfects;

1 Assess the confidence that has been built in the qualification evidence through the
gualification activities. This should consider the extent to which test specifications
have independently reviewed and test witnessed by an independent party.

1 Compare the failure probability or performance margin for each identified failure
mode of concern with the requirements in the qualification basis. Evidence should
be propagated from individual technology components to the requirements
specified for the erite system covered by the qualification.

3.2 Monitoring techniques in CCUS

In order to monitor the effects on the environment and on human health, authorities need to
organiseand conductoutine and nonrroutine inspections (at least once aar) of all storag
complexes[5]. These inspectiongomprise of activities such as visits to the surface
installations (including the injection facilities), assessment of the injection and monitoring
operations carried out by the operator, examimll relevant records kept by the operator,
etc. Nonroutine inspections should be carried out by the authority in the event of leakages
or any significant irregularities, insufficient compliance with the permit conditions; serious
complaints related to e environment or human health; etc. Subsequently, authorities
should prepare a report on the outcomes of each inspection indicating further actions (if any).
The report should be communicated to the concerned operator and should be publicly
available witln two months of the inspectionsaper relevant EU legislati¢@].

For any changes the original plan during operation (including changes concerning the
operator), the operator should inform the authorities. Accordingiiyg storage permit or the
permit conditions should be updated (or withdrawn as a last resort) after reviewing by the

PU Page25 of 66 Version3.0



DeliverableB.3 ¢ Protocolsfor emergency response, mitigation and remediation S

QJ,‘.. enceqCleanEnergy

authorities to ensure no major changes are executed without a new/updated permit.
Authorities may withdraw a permit in the event of any leaka@e significant irregularities
pursuant; norcompliance with permit conditions or risks of leakages; any other failure by the
operator to meet the permit conditions; or based dhe latest scientific findings and
technology advancements. Subsequently,harities may either issue a new storage permi

or decide to close the sit].

In what follows we lissome of the monitoring techniquestiitable forCCUS projects:

1 Seismic mapping to investigate injection features, pipelaas any potential for
erosion[7].

i Tracers to monitor plume migration.

1 Surface flux or soil gas sampling, microbiology and eddy covariance flarsttav
monitor surface seepagé].

1 Tiltmeters to monitor plume migration, caprock integrity and any potential
pressure buileup

1 Microseismic monitoring for caprock integrity.

1 Chemical management technologies for periodic monitoring of scalinthen
wellbore and neassurface[8].

Table2. Monitoring techniques and the risks that can be monitored duthegoperation phasd9]

Risks that can be monitored
Plume migration
Subsurface characterisation
Caprock integrity
Plume migration
Caprock integrity
Pressure development
Plume migration
Caprock integrity
Pressure development
Caprock integrity
Aquifer contamination
Wellbore integrity
Plume migration

Monitoring technique

3D seismic

Microseismic

INSAR monitoring

Tiltmeters/GPS

Shallow aquifer wells

Wellheadsampling

Tracers Plume migration
Surface flux or soil gas sampling Surface seepage
Microbiology Surface seepage

Wireline logging

Subsurface characterisation

Deep observation wells

Plume migration
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Well bore integrity
Plume migration

Multi Azimuth VSP Caprock integrity
Fracture evaluation
Eddy covariance flux towers Surface seepage

Plume migration

Time Lapse 94DO0 Seismic Caprock integrity
Fracture development
Gravity Vertical plume migration

Continuous monitorings an essential part of risk management in the operation s{éfjeA
site-specific, riskbased monitoring approach is advised in variguglelines, whiclare widely

used in different projects either onshore or offshof8ee[6], [9], [7], [10]). A typical risk
managememntbased approach is illustrated Figure5. The workflow starts with identifying
potential risks during site characterisation, baseline, or subsequent monitoring operations.
Afterwards, the targeted strategies to mitigate risk impamtso prevent their occurrence are
designed. In turn, monitoring plans are related to risk prevention and mitigation strategies.

To that end, heat extraction must be optimised, a suitable production rate must be
maintained the fluid loss must be preventethroughout the reservoir and losses in electricity
generation must be minimised.

Figure5 shows the risk managemenbased approach to storage or reservoir project wath
continuous flow of new information and data frothe operation phasg6]. Note thatan
approach similar to this one is being implemented in the development of the Cornwall field
site during the execution of the S4CE consortium.

Risk Assessment Monitoring plan

Implementing
any corrective
measures

Performance vs
Prediction

Update the
model

Figure5. Risk management based approach to storage or reservoir prigject

Although the range of mitigation actions is reduced after the injection is eased, the mitigating
actions and safeguards in the pagosure phase continue to include monitoring activities and
updates of monitoring plans, as well as corrective measuresirspmections. With ongoing
monitoring, new informatiorwill be continued to be obtainedbout the projectdataand its
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performance basedon whichthe operator should verify, test and iterate the risk assessment
on an ongoing bas[§].

3.2.1 Monitoring plan

Monitoring is an essential part of risk management in the closure q&igdt is still unclear
what is the most appropriate duration is to continue monitoring on the well has been plugged
and abandoned10]. This maybe because each project has its own set of priorities, risks,
monitoring targets, and requirements for project success.

However,a site-specific, riskbased monitoring approacks advised in variouguidelines,
which were widely used in different projects either onshore or offsh{gee[6], [10], [11],

[12], [13]). A typical risk managemertased approach is illustrated kigure6. The workflow
starts with identifying potential risks during site characterisation, baseline, or subsequent
monitoring operations. Afterwards, the targeted strategies to mitigate risk impactt
prevent their occurrence are designed. In turn, monitoring plans are related to risk prevention
and mitigation strategies.

i MVA Program

Design &
/) Refinement \

Risk Evaluation/ ‘ Risk ‘ Risk
Assessment ‘ Ana|y5i5/ Identification |

N J \ Y 4 L /J

i
\ ; Risk Treatment/ /

Mitigation

4

Figure6. Risk managemertased approacfil3]
3.2.2 Monitoring location andintensity

Monitoring generally applied in three domains: atmosphere, raaface and subsurface
[13]. In the In Salah Projef@], the monitoring intensity changed throughout the pedbsure
and posttransfer stage, as shown kigure7:

The monitoring intensity in the container dwin decrease since the start of the patbsure
stage, and after about seven years, the monitor in this domain could stop.
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In the above container domain, the monitoring intensity was constant in the closure stage
and begin to decrease at the beginningtioé postclosure stage and reach zero within ten
years.

The intensity increased during the closure stage and then began to decrease at the beginning
of the postclosure stage. It would decrease to a lower level after 20 years and keep constant.

% " 16 : 2I: 26 n 35 41 45 5
1 1 1 Time (Years)
2 ! 1 Container
2 : ] Domain
e 1 1
- 1
£ —
o T
g — Operation 1 Closurs 1 Post-Closurs Above Contdiner
g Domain
c
g T
'/"\ Near Surfage
! Domain
— ]
Baseline Operational Environmental

Mode Mode Mode
Figure7. Change in the monitoring intensity during the life cy€lp

If any leakages or irregularities are detected, the risk assessment will need to be reviewed,
and monitoring will need to be intensified tassess the scale of the problem and the
effectiveness of corrective measurfs.

3.2.3 Atmosphere monitoring

Atmosphere monitoring is to detect the elevated levels of atmospherigti&® may have
been released from the storage c@iex.Note that S4CE has contributed to the development
of instruments for monitoring the possible atmospheric release of {@@n field sites. We
refer the interested reader to Deliverable 7.3.

The maximum area to be monitored throughout thex@8@rage should equal or greater than
the site expected to contain the GPlume until the plume has stabilised plus aratbund
buffer zone of at least orrbalf mile.

Some fielddeployable monitoring techniques have been developed to detect and quladify

CQ emissions hove abandoned well sitesh& most common three methods are optical £LO
sensors, atmospheric tracers, and eddy covariance (EC) flux measurement. A summary of
these techniques is given irable3.
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Table3. Summary of techniques used in atmospheric monitofit®]. Note that the innovative
approach developed within the SACE projeaables the detection of G@lumes. We refer the
interested reader to Deliverable 7.3.

Monitoring

Technique Description, Benefits, and Challenges

Description: Sensors for intermittent or continuous measurement ofiC@ir.
Optical CQ Benefits:Sensors can be relatively inexpensive and portable.

Sensors Challenges: Difficult to distinguish release from natural variations in amgQiént
emissions.

Description: Natural and injected chemical compounds that are monitored in
to helpdetect CQreleased to theatmosphere.

Benefits: Used as a proxy for £@hen direct observation of a G@&lease is not
Atmospheric | adequate. Also used to track potenti@d plumes.

Tracers Challenges: In some cases, analytical equipment is not available onsite, and
samples need to be anayd offsite.

Background/baseline levels must be established. Tracers may not behave th
same as C{along the migration pathway.

Description: Flux measurement technique used to measure atmosphesic CO
concentrations at a specified height abawe ground surface.

Eddy Benefits: Can provide continuous data, averaged over both time and space,
Covariance large area (hundreds of meters severakilometres.

Challenges: Specialized equipment and robust data psimgsre required.
Natural spatial and temporal variability in £{0x may mask release signal.

3.2.4 Nearsurface monitoring

Nearsurface monitoring includes detecting the possible migration off@ the subsurface

into the vadose zonend shallow groundwater as well as monitor the surface displacement
and ecosystemNote that S4CE has conducted field studies to quantify the microbial
communities in proximity of the CarbFix field site to monitor this type of effects. We refer the
interested reader to Deliverab$e4.9 and 4.10.

The neassurface monitoring techniques include geochemical monitoring in the soil and
vadose zone, geochemical monitoring of nsarface groundwater, surface displacement
monitoring, and ecosystem stress monitgginA summary of these techniques is given in
Table4.

Table4. Summary of techniques used in nearface monitoring [%]

1 Description: Sampling of soil gas for ;C@atural chemical tracers, an
introduced tracers. Measurements are made dxtracting gas samples fro
shallow wells or from/with flux accumulation chambers pldan the soil

Geochemical : . . :

Monitoring in surface and/or withsensors inserted into the soil.

the Soil and 1 Benefits: Soibas measurements detect shifts in gas ratios or elevateg
Vadose Zone concentrations above background levels that npmgvide indications of ga

releases from depth. Tracers aid inmdiéication of native vs. injected GQrlux
chambers can quickBnd accurately measure local £idixes from soil to air
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1 Challenges: Potential for interference from surface processes producing
positives as well as missing signal is significgighificant effort for potentia
lack of significant results. Relatively late detection of release. Conside
effort is required toavoid crosscontamination of tracer samples. Natur
analogs suggest that migration may be focused in small areas arc
chambers provide measurements for a limited area.

Geochemical
Monitoring
of Shallow
Groundwater

9 Description: Geochemical sampling of shallow groundwater aboystG@ge
reservoir to demonstrate isolation of theeservoir from USDWs. Chemig
analysesmay include pH, alkalinity, electrical conductivity, major and m
elements, dissolved gasses, tracers, and many other parameters. S¢
probes/meters, as well as titration test kits, can be used to teathple in the
field.

1 Benefits: Mature technologysamples collected with shallow monitoring we
Sensors may be inserted into the aquif@ddress major regulatory conce
regarding migration reaching USDWs, and may have value in respond
local concernswhich typically elevate concerns about grawater.

1 Challenges: Significant effort for potential lack of significant results. Rez
transport modellingof CQ migration shows thasignal may be retarded an
attenuated so that high well density and long sampling periods are requirg
reach aninsignificantresult. Many factors other than fluids from depth c
change or damage aquifer watquality and detailed assessment afjuifer
flow system may be needed to attribute a change to signal either to migra
or to other factors. Gas solubilignd associated parameters (pH, alkalini
are pressure sensitive, so that obtaining samples representative of the ac
fluids requires careful sampling. Carbon isotopes may be difficult to inter
due to complex interactions with carbonate mineralshallow formations.

Surface
Displacement
Monitoring
(Includes
Remote
Sensing)

9 Description: Monitor surface deformation caused by reservoir pres
changes or gemechanical impacts associated witlcQ injection.
Measurements made with satellieased adar (SAR/INSAR)&surface and
subsurfacebasedtiltmeters and GPS instruments. Data allowodelling of
injection-induced fracturing and volumetric change in the reservoir.

1 Benefits: Highly precise measurements over a large area (100 km x 10
can beused to track pressure changes geomechanical impacts in th
subsurface associated with plume migration. Tiltmeter technology is ma
and has been useduccessfully for monitoring steam/water injection a
hydraulic fracturing in oil and gas fieldSPS measurements complemg
INSAR and tiltmeter data.

1 Challenges: Tiltmeters and GPS measurements require surface/subs
access and remote data collection. INSAR methaalk well in locations with
level terrain, minimal vegetation, and minimal lansk, but must be modifie(
for complex terrainivaried conditionsSurface displacement responds also
groundwater withdrawal and recharge and to notjection relatedprocess
such as local to regional subsidence and uplift. Movement may not ind
risk, must be coupled with complex3geomechanical models to make resu
actionable.

Ecosystem
Stress
Monitoring

9 Description: Satellite imagery, aerial photography, and spectral imager
used to measure vegetative stress regudtfromelevated C®in soil or air.
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(Includes Groundbased study is required to develop understanding of signal to trair|
Remote image processing andhlidate anomalies detected.
Sensing)

1 Benefits: Imaging techniques can cover large areas, at relatively high freq
and lowcost, and image processing can datomated. Vegetative stress
proportional to soil C&levels and proximity to G@elease.

1 Challenges: Detection only possible after sustained €@issions have
occurred. Shorter duration release may not deetectable.Natural variations
in site conditions make it difficult to establish reliable baseline. Change
related to CQ releasecan lead to false positives. Variable sensitivity,
vegetation to C@and small areas of focus release can lead to missed sig

3.2.5 Subsurface monitoring

Subsurface monitoring includesonitoringthe evolution of the dense phase g€flume, to
assess the area of elevated pressure caused by the injection, and to determine that both
pressure and C{plumeare within the expected and acptble areas and migrating in a way
that does not damage resources or the integrity of the storage complex. A summary of these
techniques used in suburface monitoring is given ifableb.

Table5. Summary of techniques used in ssbirface monitoring13]

Monlto_nng Description, Benefits, and Challenges
Technique
9 Description: Sampling of soil gas for ;C@atural chemical tracers, an
introduced tracers. Measurements are made éxtracting gas samples fro
shallow wells or from/with flux accumulation chambers placed on sod
surface and/or withsensors inserted into the soil.
1 Benefits: Soijas measurements detect shifts in gas ratios or elevated
Geochemical concentrations above background levels that nmapvide indications of ga
Monitoring in releases from depth. Tracers aid in identifioatiof native vs. injected GCFlux
the Soil and chambers can quickgnd accurately measure local £dixes from soil to air.

Vadose Zone | ¢ challenges: Potential for interference from surface processes producing

positives as well as missing signal is significaigmificanteffort for potential
lack of significant results. Relatively late detection of release. Considerable
is required toavoid crosscontamination of tracer sampledatural analogues|
suggest that migration may be focused in small areas anafflambers provide
measurements for a limited area.

9 Description: Mature technology in which tools lowered into wells on wire
cables (so that the tool is in communication with the surface) are slowly m
up the wellcollecting data designed to monitor the condition of the wellbg
and changes in fluids in the neaellbore environment. Examples of logs us
in geologic storage monitoring include acoustic (sonics), resistivity, borg
diameter logging, and pulsed agon capture.

Wireline
Deployed Well
Logging Tools

1 Benefits: Commercial technology used to assess the condition of the well ¢
and cement and changes in neaellbore fluid or formation composition. Unde
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favourableconditions, log response may be highly sensitive te @@side the
wellbore. No need to perforate well to detect €0

9 Challenges: Area of investigation limited to near the wellbore. Sensitivity 0f
to fluid change varies; only under optimum conditions are tools sensitiv
dissolved Cg@or changes in merology. Working fluids in wells may affect |
results. Logging requires wells that penetrate the interval of interest
mobilization costs may be substantive, limiting repeated surveys. If a w
perforated in an area charged with €@ccess, the we requires pressurg
management. Both wireline and well casing may corrode, especially if
presence of CQrequiring management via metallurgy or corrosion inhibitio

Wellbore
Deployed
Pressure and
Temperature

1 Description: A large array of gauges is available to measure pressur
temperature. Technology is mature. Gauges are deployed at wellhead an
be permanently installed on casing, semi permanently deployed on tubin
intermittently emplaced on slidine. Wireline communications are standa
with the casing and tubing deployments; the intermittent emplacement 1
either be on wireline or use internal memory and be retrieved. Gauges mé
deployed both on injection wells and on monitoring wells dist@om injection
intervals.

1 Benefits: Reservoir pressure is a key parameter in the EPA UIC Glasgr&fin
and because of the complex temperature and pressure effects on fluid de
direct measurements at the reservoir may be needed to augment alilorate
standard wellhead pressure measurementdMeasurements of reservoi
response to changes in injection pressure is a mature tool for assessing flui
and hydrologic properties and is a key input for historgtching simulation
models.

1 ChallengesGauges must be in communication with the reservoir. If the gag
is run inside of the casing, then the well must be perforated and thus the ¢
well is potentially exposed to corrosive fluids, increased pressure, and pot
changes in wellbore flugdthat may alter monitoring technologies run fro
inside of it (e.g., seismic). Gauges run outside of casing are not retrievable
be carefully placed to exclude cement between the gauge and the reservoi
must have an umbilical back to the wellltethat is a potential leakage path.

Wellbore
Based Fluid
Monitoring
Tools

TI5SaO0ONALIIA2YY DS2O0KSYAO!I f al YLX Ay ]
quantify the composition of the injected fluid. Fluid sampling can alsg
conducted at wells distant fronmjection wells to assess breakthrough of.©0
rock-CQ water reactions using surface or downhole samplers.

1 Benefits:Modellingthe response of the reservoir to injection.

9 Challenges: Assessing chemistry of-he pore fluids in the rock matri
presents many challenges related to pressure and temperature dependen
solubility and the complexity of accurately sampling mixed demmsiged
viscosity brine and G the well construction.

Emerging
Wellbore
Tools

1 Description: Emerging wellbore technologies include smart sensors for ge
storage monitoring applications and subsurface tracer applications. 7
include harmonic pulse testing of reservoirs, modular borehole monitoring,
novel tracers.

1 Benefits Demonstrate reservoir integrity through pressure response du
pulse testing. The modular borehole monitoring (MBM) concept is a ]
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functional suite of instruments designed to optimize subsurface monitot
Geochemical changes associated with th&eriaction of injected tracers an
supercritical C@ provide insight concerning migration of €@rough the
reservoir.

9 Challenges: Reservoir noise interference and sigiabise ratio may be ai
issue

9 Description: Seismigeophysical methods use acoustic energy to image
subsurface. Differences between the acousgtioperties of C@and other fluids
enable the plume monitoring by seismic methods. Active seismic met
(surface seismiceflection, cross well require a source and receiver. Pass
seismic methods use naturalbsurface processes that enstoustic energy
from fracture development or slip on a fault.

1 Benefits: Substitution of GQor brine under many conditions creates a stro
change in seismivelocity ideal for timdapsequantification from preinjection
baseline (brindilled) pores to pores partly filled with GCReflection seismi
under the rightconditions is useful both for timpse monitoring of a CGQ
plume and for identification ofany outof-zone C@ accumulation
indicating a release. Surface seismic surveys can assess large areas a

Seismic ) thicknesses completely (as compared to pomgasurements). Borehole seism
Geophysical (crosswell, VSP) surveys can provide highsolution imaging neezor between
Methods wellbores. Passive seismic (microseismic monitoring) can be used to d

natural and induced seismicity, to map faults and fracturagbéninjection zone
and adjacent horizons, and to track the migration of the fluid pressure fron

9 Challemes: Repeatability of seismic survey needed for tiapse surveys ma
be difficult under varying surface conditiorSeologic complexity and a noi
recording environment can degrade or attenuate surface seismic data an
presence of gam baseline flids can reduce detection of @®orehole seismi
methods require a wellbore for monitoring, and for crassll, the distance
between wells containing the source and receivers may limit success ¢
survey due to source strengtbonstrains. A comprehensive knowledge
reservoir geomechanical propertieds needed to properly interpre
microseismievents for migration of the pressure front.

9 Description: Use of gravity measurements to monitor changes in density of
resulting from injection of C&) which issubstituted for brine or other reservo

fluids.
1 Benefits: Gravity measurement provides a direct assessment of the parar
Gravity wanted, mass of CQunlike all other measuresyhich are proxies and must b
Methods converted bymodellinginto an estimate of mass.

1 Challenges: Technology is still maturing. Limited detection and resolution u
gravimeters are located just above reservaihich significantly increases cos
Noise and gravity variations (tides, drift) need to &eminated to interpret
gravity anomalieslue to CQ.

3.3 S4CE specific siteCarlFHx site in Iceland

CarbFix is a CCUS consortium operated by Reykjavik Energy (RE) in Iceland, University of
Iceland, Columbia University (USA), and CNRS (France). On iHEsattempts to mitigate

PU Page34 of 66 Version3.0



g
DeliverableB.3 ¢ Protocolsfor emergency response, mitigation and remediation ¢ s CE
Science4CleanEnergy
the environmental impact of its geothermal processes, achieved one of the most successful
and bestknown examples of G@equestration processes in the world.

The CarbFix injection site is situated about 25 km east of Reykjadils &quipped with a
2000m-deep injection well (HNO2) and eight monitoring wells ranging in depth from 150 to
1300 m. The target GQtorage formation is between 400 and 800 m depth and consists of
basaltic lavas and hyaloclastitds<l]. Roughlypne-third of the CQand RS presently emitted
from the Hellisleidi power plant is being injected as a dissolved water phase into fractured
basaltic rock$15]. Figure8 shows the geological crosgction of the CarbFix injection site
[16].

7
HN-01 water (& kg/s)
pumped to the injegtion site

J BoR-H28-gas mixture transferred
/_/ -0y via Bipeline to the injection site
'A-‘" 2 0 E
/

The Hellisheidi Geothermal
Plant annually emits
40.000 tonnes CO2 and
12.000 tonnes H2S

Gas and water from
well HN-01 are

350-500 m depth
'

Figure8. Geological crossection of the CarbFix injection s{tE5]

3.3.1 Workplace Safety

Working conditions should be in a way that the employees are safe in their health and do not
suffer accidents. It is a natural requirement that emmeyg return home from work as fit as

or even better than when they went to work. Workplace managers have the main
responsibility for the organization of work and working conditions are such that employees
are not injured. All employees are responsible fegrnselves and others who may be at risk.

(a) Different Type of Accidents

Three different kinds of accidents can occur in the workplace:

1 An accident at work is a sudden, unexpected event in the workplace that causes
bodily injury to one or more individuals.

1 Anaccident is a sudden and unexpected event that causes property damage or
malfunction but does not cause bodily injury.
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1 Nearaccident refers to an event that could cause an accident. Almost accidents
are called various things, e.gcidents, deviations,ergencies, or accidents.

Figure9 showspictorialexamples othe different kinds of accidents.

.Q 4 )
A Ll

= :|:(>,_/“
o= = =3 &7 T 1 J
L S 0 L <3 )

Accident at work Accident Nearaccident

Figure9. Some examples of different accidents

(b) Accidents Costs

The cost of accidents at work can be divided into three:
9 Costs to the employees
9 Costs to the companies
9 Cost to society

(c) Causes of Accidents

The causes of occupational accidents are often multifaceted. Several factors and

circumstances can cause an accident. These main risk factors for accidents can be divided into
three main categories:

1 Technology and the environment

V Workplace design: Thers ia need for careful design from cradle to grave,
changes can create new dangers

V Condition of machinery and equipment, breakdowns, and inadequate safety
measures

V Noise prevents normal communication and people hear warning sounds
V Lighting is important so #t people can identify the dangers
V Handling and cleaning reduces accidents

1 Organization and management
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V The speed of work increases the number of accidents. Accidents at work are
common in operational disruptions and maintenance

V Working hours, too longvorking hours and insufficient rest increase the risk
of accidents at work

V Vocational training, lack of novice training and knowledge increase the risk of
accidents

9 Individual factors

V Gender, men are injured more often than women

V Older, younger people ati@jured more often than others

V  Work experience and education, unskilled and new employees are most at risk
FigurelOshows a possible accident and theypided solution to prevent danger.

Figurel0. Danger area must be closed off

To contribute to safety behaviour and reduce accidents at work, systematic occupational
health and safety procedure is requirédhis statement is based on the recommendations
from the Carbfix site)

3.3.2 Preventive Measures

It is well accepted thatmployers, managers, and supervisors are primarily responsible for
ensuring a safe working environment. The following items are impoitaues that should

be considered to prevent accidents in the working environmgBased on the
recommendations from the Carbfix site)

1 A good overview: The workplace should be open, clear, and clean. If the employees
see around them and others see themwier accidents at work happen. Planning
must be good and traffic routes must be clearly marked. Markings, signs, and
warning lights must be as easy to understand as possible.

i Safety equipment: Appropriate guards or barriers should be provided on objects
e.g. hot, cold, or sharp. Emergency switches must be accessible and tested

PU Page37 of 66 Version3.0



DeliverableB.3 ¢ Protocolsfor emergency response, mitigation and remediation 4 S

U‘-.. ence4CleanEnergy

regularly. All machines, tools, and equipment must be accompanied by operating
instructions in Iceland to ensure safe use. Access to emergency equipment must
be adequate e.g. to first aid kits and fire extinguishers. Appropriate personal
protective equipment should be worn when hazards cannot be removed.

Coworkers: Targeted education and solid knowledgre important,in fact,
experience shows that newcomers are injured more often than experienced
employees. Communication on occupational health and safety issues must be
extensive and open. In workplaces where the work ethic is good, accidents are less
frequent than elsewhere. All employees should know first aid and review it
regularly.

Employee health and lifestyle: Experience shows that young men are injured more
often than others. Managers are responsible for their work. Tired and sick workers
are injued and cause accidents, so rest periods must be respected. Those who are
under the influence of alcohol or other drugs are dangerous to themselves and
others. It must be borne in mind that employees have the mental and physical
ability to cope with the wdk. Accidents at work are common before and after
holidays e.g. Easter holidays and summer holig@gsed on th@bservatiors from

the Carbfix site)

(a) Three Levels of Prevention against Accidents

1.

Remove dangerFor example, replace hazardous materialshwibn-hazardous
materials, close a hole in the floor or install a safety guard on the drive shaft. Once
the hazard has been removed, there will be no accidents.

Defend against dangeAll personal protective equipment is to protect against
dangers, e.g. helmets, safety shoes, hearing aids, and goggles.

Reduce damaged-irst aid kits are used to reduce damage. Fire extinguishers and
various emergency equipment are used to reduce damage.

(b) Preventive Measures Checklist

The following items can be used as a recommendation to prevent accidents:

PU
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The workplace must be clean
Carry out a safety induction

All newcomers must receive training and education on occupational safety and
health
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1 A risk assssment must be carried out in the workplace

1 The risk of accidents at work due to language difficulties should be taken into
account

1 Appropriate personal protective equipment must be available to staff

1 The hazardous substances should be systematicaplaced by harmless
substances

1 The walking and driving routes must be separated and marked
1 Appropriate falldefencesmust be used for work at height

1 Notifiable accidents must be reported to the Occupational Safety and Health
Administration

3.3.3 Occupational &fety and Health AdministratiorAccident Registration

Every accident at work does not only affect the injured person but his family, friends,
company, and the whole community. Various information on occupational accidents can be
found in the annual reportof the Occupational Safety and Health Administration. The
accident register provides detailed information on occupational accidents, e.g. you can view

the number of accidents at work by year, industry, gender, age, and cause. The registration

of notifiableaccidents helps the Occupational Safety and Health Administration to prevent a
recurrence of accidentsiil OF'y ' f 42 0 S imzinglRccupafiond Batetydarfi A S & Q
health work.

It is the responsibility of the safety committees and managers inthekplace to regularly
review the accident register, e.g. annually, and take action and remedial action.

~

4 9y KIyYOSR DS20KSNXYIf {@2adSy o

An Enhanced Geothermal System (EGS) is an engineered subsurfaegdieatger, which

are designed and operated to extraceghermal energy. Most commonlin EGSthe
reservoir is hot, buits permeability isusuallylow. Therefore, permeability is enhanced by
hydraulic fracturing, higiate water injection, and/or chemical stimulatigisee [17], [18],

[7]). Once the permeability has been increased, production is sustained by injecting and
circulating water into injection wells. As a result, the water gets heated while travelling
through the newly created permeability to the production wells. As the injecteder
absorbs the heat, it cools down the engineered fractures coupled with the slippage on the
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fractures and faults from the induced seismicity and chemical dissolution of mimaesls
create new permeability, continually expanding theeevoir and expsing more heaf8].

In the operation phase of the EGS reservoir, the objective is to control and maintain the heat
ratio throughout the design life. Of note, S4CE conducted LCA assessments of the
environmental impact of an EGS opgon, and it was found that to reduce the environmental
impact the most important variable is to increase the lifetime of the operation. The interested
reader is referred tan Deliverables.9. There are uncertainties on various stages involved in
EGS beause there is so little experience of their operation to date. Indeed, these systems are
so new that operational experience is measured in months rather than years in many cases.
Note that during the S4CE project, the EGS site in Cornwall was partisdlpged.Zaglos et

al. suggested that the Operate phase of EGS consist of the folletwiggs, whiclstarts from

a state of no injection while defing a work strategy for EG]:

Stage 1: Simple Injection and extraction
Stage 2: Informed injection and extraction

Stage 3: Irsitu monitoring feedback for injection and extraction

= =2 =4 =4

Stage 4: Monitoring and modelling feedback
{1 Stage 5: Real time monitoring and modelling operation

The technology solutions applied in the comingrgeaill be crucial in mapping out the future

of this type of energy, which is not only entirely clean but also holds amazing potential.
However, like all other systems, if it is to be financially viable it needs to be able to avAil itsel
of technologicatievelopment{20].

4.1 Management of an EGS reservoir

Successful management of an EGS reservoir requires careful monitoring of variables. Heat loss
during the extraction of the fluid from the reservoir must be minimised, the natural
radioactivity must be controlled and the efficiency of the electricity generating prargtbe
monitored. The key to financial viability in EGS technology lies in being able to produce energy
over long periods with no need to make expensive repairs (agdhe unplanned drilling of
additional wells).

When the reservoir is operated, various operating techniques can be chosen, and it must be
determined what the optimal technique for an EGS plant is. Thus, the reservoir can be
exploited, e.g., by Doublet dviulti-well systems. While the first technique is simpler and

cheaper, the second provides more flexible results that let you create a network of several
reinjection and production wells, reducing the pressure and minimizing the seismic hazards

PU Page40 of 66 Version3.0



DeliverableB.3 ¢ Protocolsfor emergency response, mitigation and remediation 4 S

U‘-.. ence4CleanEnergy

that may arse from exploitation (an aspect of great importance). Additionally, a correct
placement of reinjection and production wells, which has a direct impact on the performance
of the facility and whose influence, therefore, must be a study factor. Similamyayt be
chosen for conversion into electricity, other techniques among which worth mentioning the
Organic Rankine Cycle (ORC) and the Deftlakeh Power Plant.

Thus, a clear understanding of, and a repeatable strategy for, addressingetomdg=GS
operational barriers isnecessary. Technologplutions to address shodircuiting, like other
concerns with longerm operation, will require a much larger and broader experience base.
1 Where natural fractures exist, stimulation can be performesinglow-pressure
injection[17].
1 Through investigation of natural fractures and its suitability to the operation
should be conducted before hydraulic fracturing.
1 Techniques such as sitlgy concept where the pressure is distributeder two
separated endsf injection well can be useld 8]
1 If there is risk fronHighpressureinjection; reduce injection pressure at thest
of operational efficiency8].
Maintain acceptable flowates and reduce or eliminate fluid |og§.
Choose injectiorfluid, whichdo not interact with the formation.
UsePPE and radioactive countdis]
Validate design iediction with operating datf19].

=4 =/ =A -4 -

Mitigate reservoir and surface problems thatutd lead to short circuitingy7].

4.2 Monitoring techniques in EGS

Comprehensive, redime, subsurface monitoring and modelling in conjunctieith current
geothermal operations is rare and cutthegige. However, EGS operations will be more
dependent on this monitoring feedback than hydrothermal operations. For example, thermal
breakthrough caused by a lack of understanding of reservoir flovhpand exacerbated by
overproduction or injection might be detected and managed with such technologies.

Currently very few systems in use due to high temperature operating condition and site
specific condition§19].

1 Microseisnic monitoring[17].

1 High temperature sensors to monitor pressure and flow.
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1 Chemical management technologies for periodic monitoring of scaling in the

wellbore and near surfadg].

Monitoring is a key method to mitigate risk during the whole life phases for both conventional

and UGO wells. For the case of EGS well in Landau, Germany, the surface displacement over

a squarekilometre area around the geothermal site was measured byaatepd the phase

variation between consecutive SAR measurements, using both synthetic aperture radar
interferometry (INSAR) and permanent scattered INSARIN®ASR) techniques. A surface
RAALI I OSYSyYyid 2F odpOY g & YSI andeNiBv&sionafth& Ay {0 &
source of the deformation based on a simple elastic model of a buried cavity suggests a
geothermal water leakage atdepth of approximately 450r21].

4.3 SA4CE specific siteCornwall

The United Downs Dedpeothermal Power (UDDGP) is the first deep geothermal powaat pl

in the UK[22]. The type of geothermal power being investigated in UDDGP is deep
geothermal. It is funded by a mixture of public and private funds to includeEth®pean
Regional Development Fund, Cornwall Council and Thrive Renewables plc. The aim of the
project is to produce power and heat from the hot granite rocks beneath Cornwall at the
United Downs Industrial Site near Redruth. Two deep, directional welsssweccessfully been
drilled; the production well to a depth of 5275m and the injection well to 2393m. Both wells
have intersected the target Porthtowan Fault Zone located approximately 800m to the west
of the site [22]. Currenty, the UDDGP is under the development of the site selection and
design to the production test stage. A picture of the UDDGP drilling rig is depidtéglire

11, and the geothermal energy distribution in UK is presentdéigurel2[23].
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Figurel2. Geothermal energy distribution in &3]

4.3.1 Existing controls at the Site

This item mainly considers risk controls that already in place or mitigating factors used to
assign initial risk.

For bulk fuel for rig and generators, the receptor includes:

9 Fuelling procedures

1 Crew competence
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1 Contractdelivery drivers

1 Spill containment area
For road vehicles, fuel and lubricants, the receptor includes:

1 Competent contractors

71 Site HSE and logistics monitor vehicles

1 Contract delivery drivers

1 Hoses will be run onto spill containment area
For drilling andompletion chloride containing and PH modifying dry chemicals, the receptor
includes:

1 Chemicals on spill containment

1 Crew competence
For drilling anccompletion liquids, the receptor includes:
1 Chemicals on spill containment

1 Crew competence

For exhaust emigsns, the receptor includes:

1 Competent contractors
1 Minimise transport crew bus

1 Competent logistics management
For fuels and lubricants stored for plant operations and maintenance, the receptor includes:

1 Competent crew

i Standard operating procedures (SOHRgliability, Availability, Maintainability and
Safety (RAMS)

1 Stored on spill containment area
For waste loaded into vehicles, the receptor includes:

1 Competent personnel
9 Contractor selection
T SOPs

According to fire, the receptor includes:

1 Plan for detection and prevention of fire in Borehole Sites and Operations
Regulations (BSOR)

i Hazardous area zoning and rated equipment
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1 ERP andirefightingequipment

4.3.2 Further Control measures needed
For bulk fuel for rig and generators, the receptor inédsd

M Monitor for leaks
1 Audit activity by Site HSE

1 Monitor site boundary and spill containment area for evidence of contaminations
For road vehicles, fuel and lubricants, the receptor includes:

1 Monitor filling / off process
9 Monitor for leaks
1 Site tours bySite HSE

1 Monitor site boundary and spill containment area for evidence of contaminations

For drilling ancdcompletion chloride containing and PH modifying dry chemicals, the receptor
includes:

i Site tours by Site HSE

1 Monitor site boundary and spill contairent area for evidence of contaminations
For driling andcompletion liquids, the receptor includes:

1 Site tours by Site HSE

1 Monitor site boundary and spill containment area for evidence of contaminations
For exhaust emissions, the receptor includes:

1 Monitor for signs of smoke emission and stop the engine if seen
{1 Contractors maintenance

1 Emissions friendly plant contracted where available
For fuels and lubricants stored for plant operations and maintenance, the receptor includes:

1 Check storage for leakkily
1 TBT when lifting ops in area of storage
1 Supervision, discourage use off spill containment

1 Site tours and audit
For waste loaded into vehicles, the receptor includes:

1 Sheet over skips to prevent rainwater ingress as required
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Line waste cement skip thi plastic sheet to seal and prevent cementing the skip
Waste analysis to correctly classfiysings

Closed skips where practicable

= =2 4 -2

Site tours and audits

1 Close supervision
According to fire, the receptor includes:

1 Trained staff

9 Liaison with fire service
1 24 hour manning
1

Prohibited items policed

4.3.3 Site protocol

TheUDDGHas sets out rules for the drilling operation to promote safe work. It includes ten
aspects, and the details of each aspect are described below.

(1) Security

1 All personnel must sign in and ousing FCard or visitor log.

1 Report any suspicious activity to Security.
(2) Induction

1 Every person who enters the site must be inducted in Security. Visitors and delivery
drivers will receive the short induction; all employees, contractors and service
hands wil receive the full induction (which also includes the short induction).

1 Afterinduction,you will be asked to sign the training register. Inquire the site HSE
Supervisor, Drilling Supervisor, Toolpusher, iffou have questions.

T Once inducted, personnalill be passed to the Drilling Supervisor, Toolpusher and
Site HSE Supervisor for operational, rig familiarisation and TBT/sign on permit.

(3) Personal Protective Equipment

1 All personnel are to wear basic site personal protective equipment (PPE) when on
the operational area:

V Safety helmet with attachments for a chin strap;
V Safety glassesmpact resistant;

V Safety boots Highleg recommended; and
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V Coveralls flameproof and antstatic.

1 Visitors who are escorted may wear stout shoes, safety helmet, sglatges and
reflective waistcoat.

1 Additional PPE may be required by Control of Substances Hazardous to Health
(COSHH) or Provision and Use of Work Equipment Regulations (PUWER)
assessments and signed hazards on site (e.g. noise).

1 Report damaged or unsuité®PPE immediately. Do not wear contaminated PPE in
the canteen.

(4) Site Traffic

1 Cross traffic routes (marked on site plans) at marked points only.
1 Be aware of vehicles moving.
91 Do not cross any barriers.

(5) Loading and unloading trucks

1 Trucks must be held at thgate until a banksman is available.

1 Do not stand on truck beds without fall protection/prevention.

1 Ladders may be used to attach hooks only if tied or footed and the worker
maintains three points of contact.

(6) Lifting Operations

1 Be aware of the lift plan.

Follow instructions from slinger/signaller.

Use tag lines to control the load where possible.

Do not walk under suspended loads.

Do not use damaged or uncertified lifting equipment.
Know the current lifting equipment colour code.

= 4 4 4 4

Use 4part shackles only.
(7) Work at height

Only nominated competent personnel may work at height.

A rescue plan must be in place for work at height.

A permitto-work is required for work at height not included in risk assessed SOPs.
Fall protection must be installed / worn as definedhe risk assessment.

= =4 =4 4 =

Secure tools for work at height and wear helmet chinstrap.

(8) Work in confined spaces (e.g. cellar, tanks)
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1 All confined space work must be under a permit, with isolations, @asand N
checks before entry.

1 Arescue plan, with assated equipment provided, must be in place before entry.

1 Only competent persons may work in confined spaces.

1 A safety person must be present outside the space at all times when anyone is in a
confined space.

(9) Stored energy

1 Gases are compressed by forcing engas into a fixed volume, raising the pressure
in the containing tubing, vessel or pipe. If that containment is breached, then the
gas expands to its original volume releasing enormous amounts of energy. To
prevent injury the following precautions are neiged:

V Report any damage to pressure equipment immediately;

V Never exceed the maximum allowable operating pressure, make sure you
know what it is (marked on equipment and toolbox talk);

V Respect isolations and barriers around testing;
V Follow instructions given in toolbox talks;

V Ensure flexible hoses fhiigh-pressureuse are snubbed or anchored so they
cannot whip on failure.

(20) Prohibited items

1 Never take any prohibited items on site: Prohibited items are-I®(ATEX) mobile
telephones music players, key fobs or other electrical equipment, matches,
lighters, external steel toe cap boots, and unapproved tools. If you need to use
electrical equipment or do hot work, ask for a permit.

1 Smoking is prohibited in workplaces by UK lawofkplace includes work vehicles
FYR 6StEFINS FIFEIOAETAGASED | Wwayvyz21S &aKFO|C
entrance with a sand bucket for stubs, this is the only place smoking is allowed.

1 Do not work under the influence of drugs or alcoHdDDGReserves the right to

test if you appear affected by drugs or alcohol. Inform your supervisor if you are
taking prescriptiordrugs, whichmay affect your alertness or performance.

(12) Golden Rules

1 Report damaged items and do not use them.
1 Obey safety signs anddlbox talk instructions.
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1 Whatever tools or equipment you use, always check them before use. Ensure they
are certified. Only use lifting tackle that is in the register, colour coded and
undamaged and avoid work under suspended loads.

1 Know your emergency &ons. If you hear a long blast on a horn, make safe and
muster upwind. Do not fight fire if there is risk to yourself. If you spill oil or
chemicals; contain the spill, locate the leak, stop the leak and clean up, disposing
of waste properly.

1 Wear and stee PPE properly. Ask for training if needed and report defects
immediately.

1 If you see an unsafe act, tell the person politely and raise a Hazard Reporting Card.

4.4 SACE specific siteSt Gallen

This section intends to provide crisis management recommendsatimm the St Gallen site.

4.4.1 Occupational Safety, Health, and Environmental Protection

One of he initial step in this project was preparing a document that contains the
requirements for occupational safety, regulations for the organization, coordinatiod,
monitoring of construction site operations. It enables a troufske construction process of

the planned drilling and ensures safety for all technical facilities and equipment. The
document applies to all areas on the drilling site including theimyifower, the buildings,
facilities, roads, and access roads as well as adjacent areas that may be affected by the
operation of the construction site.

The drilling supervisor is responsible for the general management of the drilling site. He/she
also coodinates the work of the different contractors on the drilling site. The drill site
manager of the drilling company is responsible for compliance with the design basis
regulations on the drilling site.

Moreover, the employees of the different contractors stunform each other about the
hazards of occupational safety and health which avanected with the workFigurel13
shows the structure of the safetyeetings in the project.
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INSTRUCTION Initial
briefing
WORK PREVIEW Pre-shift
(Risk assessment) Meeting
Simple Working without Working with Work requiring
work increased risk increased risk a permit
Safety brief talk
PERMIT Work
permit
| procedure
1
STARTING WORK

Figurel3. Structure of safety meetings

4.4.2 Construction Site Regulations

The site regulations contain rules for the organization, coordination, and monitoring of the

site operation as well as measures Work safety, for all the construction and the standstill

phases. Before starting the project, these rules are required to define.

It is worth mentioning that compliance with the site rules is part of the fulfilment of the

contract for all drilling site wes's.Failure to comply with these site regulations may result in a

written warning, an order to stop work immediately, a reprimand from the construction site,

or criminal prosecutionkigurel4 shows some safety signs in the site (safety and protection)

with their meaning

‘Workplace/access restriction

Site traffic/Parking

Police
Fire
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Emergency Telephone

Alcohol/drugs

First aid

Tel. 117
Tel. 118

Medical emergency call Tel. 144
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Personal protective equipment (PPE) Control of protection measures/safety precautions

Electrical installations and equipment .
auip Hazardous materials

Earthworks Case of fire

Open fire

Noise

Water protection

Figureld. Some safety signs on the site

4.4.3 Emergency and Crisidanagement

This section details the emergency and cnsanagementhat were usedor the St Gallen

Geothermal site.

(a) Definition

PU

1 Emergency: An emergency is a sudden, usually unpredictable event with a high

potential for damage, which requireextraordinary measures and rapid
intervention. It represents a significant threat to the life, environment, or other
legal interests and can severely affect the operation of the company.

Crisis: A situation that deviates from the normal state develops enlydor
insidiously and is characterized by a risk potential. A crisis affects the company as
a whole and requires extraordinary measures to cope with it, as the existing
organizational structures and processes are usually not sufficient. A crisis cannot
be controlled by routine measures. Crises can result from disasters or escalating

emergencies.
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1 Continuity Management: Continuity management aims to restore critical
operations and business processes affected by an emergency or crisis as quickly as
possible.

In general, emergencies can develop into danger for people, the environment, and property.

In many cases, a crisis can be seen as an increase in the emergency. Therefore, the emergency
concept can be understood as part of the crisis condéjgurel5 shows different escalation

levels in the event of an incident.

Event / Coping Strategy

Event Address

= .

= Incident ) 3 Internal measures

=

b b

2

A

~ Continuity
% Emergency , Emergency management management
o

R

v

o Continui
Crisis management ty

management

Y
el -

Figurel5. Possible escalation levels in the event of an incident

Figurel6 shows the protection concept for a geothermal energy system.

Figurel6. Threestage protection concept fageothermal energy
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