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documents:

Document1l  Chapters 1to5; Summary and Production

Document2  Chapter 6; Subsidence

Document3  Chaper 7; Hazard

Document4 Charter 8; Risk

Documents Chapter 9; Damage and Appendices.

Each of these documents is also available as a *.pdf file of a size smaller than 10Mbyte, allowing sharing
through email.

© EP201603238413 Dit rapport is een weerslag van een voortdurend -stughe
dataverzamelingsprogramma en bevat de stand der kennis van april 2016. Het copyright van dit rapport
ligt bij de Nederlandse Aardolie Maatschappij B.V. Het copyright van de @utertle studies berust bij
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8 Risk Assessment

ProbabilisticRiskAssessment
RiskMetrics

The results from the probabilistic hazard and risk analysis (PHRA) are summarised via risk metrics which are
related to the annualised probability of fatality for an individual person or for groups of people, taken as an
average across the forecast period the PHRA. These risk metricd LY 8 A RS [ 20Ff t SNER2Y | f
02dzyR LYRADGARdzZLf wAaléxX abdzYoSNI 2F t KarkdefinedbélomnwA a1 ¢ =
GLY&AARS [ 20! ¢ 6 & NG R WLAYAR A¢ €ré iyfiRdéal risk Amiettics (related to

probability of fatality for an individual), whereas the remaining three metrics are measures of aggregate risk
(related to probability of fatality for multiple people or for groups of people).

When measuring risk, it is importato select a risk metric that is appropriate given the purpose of the risk
measurement. In many cases there is more than one option available as to which metric to use. An advisory
committee, Commissie Meijdam, was established in early 2015 to advisislopalicy related to Groningen
earthquakes, including the selection of risk metrics. In December 2015 the Commissie Meijdam shared its third
and final advice with the Minister of Economic Affairs. The selection of risk metrics for this PHRA reflects the
final advice published by Commissie Meijdam.

The following table contains a summary of the risk metrics used in this PHRA along with the purpose of the risk
metric:

Type of Metric Risk Metric Purpose(s)
Inside Local Personal Risk 1. Individual risk metrics to measure building collapse r
(ILPR) (ILER) and falling object risk (OIR) relative to norm
Individual 10~ overall individual risk
ObjectboundIndividual Risk*| 2. Check if any buildings/objects have individual Risk
(OIR) above 10' (high priority for action)

Number of people (or Assess overall scale of risk across regiontaertfore
buildings/objects) at risk | determine deability of structural upgrading program

Input towards prioritisation obuildings/obgcts (which
Community Risk don't comply with individual risk nornwithin structural
Aggregate upgrading program

1. Provide risk insights to National Coordinator Groning
for prioritisation of communities in mukyear plan

2. Consider additional measures (WheteNB | & 2 y |
beyond reducing individual risk to below10

Social Risk*

*For clarity, Dutch translations of these metrics in the final Commissie Meijdam advice are:
T [20Ff tSNE2YLFf wAal I atfllia3So2yRSYy wiaarolzé
 Objectd 2dzy R LYRADGARdzZ f WYRADGARESLSONBBOSGIRBETANREGAO2E
T {20ALf wAia]l TRRAADREAOKLE LIISE A 2]

Inside Local PersonalsRi

qd 20kt t SNEPR)Y geherally Xigfifed as the annual probability of fatality fdictional person, who

is continuously present without protectiont & specific atisk location For Groningen earthquakes, LR

defined as followsd G KS LINPOF0oAf AGE 2F RSH K yBYIlf eFAQH RNY IyiS | INS N
GLYAaARS [twé oOoL[twO F20dzaSa syl assles thatdhe fictionalZperdalsig@ LIX S Ay
present inside the building 100% of the timand the location of the person igniformly and randomly

distributed inside the building i.e. if 10% of the building collapses there is a 10% probability that the fictional

persan will be in the collapsed part of the buildinig. this PHRALPR is used to measure the fatality risk to

people inside the building from building collapséeTmean value of the ILPR is the primary metric used to
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compare against tha0” individual risknorm (as recommended byo@missie Meijdamand accepted by the
Ministry of Economic Affairsequires the fatality risk for a person inside a building to be less thanp&6

yean).

Whereas ILPR is normally calculated for a specific building, it can also be averaged across a number of buildings
within a geographical area, such as within a map geidl In this report, the averaging of ILPR uses weighting
based on the estimated day/gint population of each building.

Objectbound Individual Risk

The Dutch term for Objedd 2 dzy R A Y RA @A Radjectgebbdidien Individhekl vardbdviagsrigico h L | @
Objectbound individual risk (OIR) is used to measure the contribution to individual risk frorstnartural

elements of buildings, such as chimneys, parapets and gables, which pose a potential falling object risk to
people inside and outside of buildingBhe assessment of falling object risk is described in a separate report,

however the key metric used to measure falling object risk, OIR, is defined here for completeness. In this
O2yGiSEGST hLw Aad RSTAYSR & (KSa$wiydi xS INBONEAY A (B NRR2Y
LRGSYyaGAlrt Fretftay3ad 202800 hLw GF1Sa Ayidz2z |002dzyid GK
exposed to the potential falling object risk, unlike LPR which assumes a person is exposed to the risk 100% of
theGAYSd {LISOAFTAOFIftEY hLw Aa Sldzat G2 [tw Ydz GALX ASR
LISNE2Yyéd ¢KS OFftOdzZ GA2y 2F hLw GKSNBT2NB NBI dzA NB
d NB LINB a Sy (i k theifigaSComnifissl Refjdandaice (Appendix 2f thisadvice) provides an example

of how to do this, and the specific assumptions used for the measurement of falling object risk are described in

the appendices of the falling object risk assessment report.

a

The OIR acceptance thredtdor falling objects has not yet been defined (in the final Commissie Miejdam
advice, or otherwise), since the OIR for a falling object is only one contribution towards overall individual risk,
and the norm is based on overall individual risk of 14king into account all earthquake related risks. In the
meantime (until an OIR acceptance threshold is defined), it is assumed for prioritization purposes that if the
OIR for a falling object is significantly (e.g. an order of magnitude or more) less thémehtthe object is very

likely to comply with the individual risk norm.

Number of People at Risk

The number of people at risk is used in this PHRA to determine the overall scale of the risk from Groningen
earthquakes, which helps to assess the feagjbdlf (and options for) the measures available for mitigating the

risk to comply with the defined norms (i.e. to reduce risk to acceptable level in an acceptable timeframe). For
example, for a given production scenario the feasibility of the structuratagigg program ca be assessedn

this PHRA, the number of people at risk is shown for ILPR, and is presented as a cumulative distribution (of
people versus risk level). An ILPR distribution is also presented based on the number of buildings (rather than
people), which can be easily compared to the structural upgrading scope.

Community Risk

Community Risk (CR) is the annualised rate of fatalities for a specified risk, with units of fatalities per year. CR
is calculated by multiplying the LPR for a spedifisk by the average number of people present in theisk

area. Inside a building, the-aisk area is defined as the entire area inside the building, and CR is calculated by
multiplying LPR by average number of building occupants (taking into actteiproportion of time that the
building is occupied). Outside of buildings, therigk area is defined as the area up to 5m from the building
facade (based on empirical evidence of masonry falling from buildings), and CR is calculated by mult@lying th
LPR for this atisk area by the average number of people in theisk area.The method for calculating CR for

the area outside of buildings is further describedhe falling objects risk assessment report

CRis used as an input towards the priériti G A 2y 2F o6dzAf RAy3a 2NJ 202S00a GKI G
for upgrading in the structural upgrading program.

Social Risk

I ySg NRA&L Y SNastkcheppel{R&eilghdidtisice A &Y &azi OKO ¢+ & Ay dNRBRddzOSR
the final Commissie Meijdam advice as an alternative to Group Risk. Social Risk is an assessment of the
FNEIjdzSyOe o6F0 oAGK SKAOK RSTFAYSR ydzYoSNBE 2F FrLdalfAdA
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al FSGe¢ ol aadzyaAy3d SgJS NBKeisk isSE wigoadated Adigdividua Sisk) SThaldi K
calculation procedure for Social Risk is fully described in the final Commissie Meijdam advice, appendix 2.
{20AFf wAal A& OFfOdz F iSR T2NJ aSOSNI s, tavd® of Yitikes) A G A Sa ¢
GKSNBE G(GKS a02YYdzyAliASaeg KIF@S 0SSy RSTAYSR o0& GKS ah:
National Coordinator Groningen.

There are two main purposes of Social Risk:

1. To assist the National Coordinator Groningen with tha grNA G A &l GA 2y 2F aQearYdzy A i A €
plan by highlighting communities with higher Social Risk (in relative terms).

2. Toassistthe assessment ofertain risks likehe risk of falling objects in a bushoppingstreet, taking into
account the reagnable investments needed to reduce the gsk
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Probabilistic Risk Assessment of Building Collapse

In this section an assessment is presented of the risk associated with the collapse of buildings. While the
Hazard Assessments issued by NAM have all hdlgrprobabilistic since the Winningsplan of November 2013,

the initial risk assessments were scenario based. In May 2015, NAM issued for the first time a fully
probabilistic hazard and risk assessment (PHRA). At that time risk results were qualitytivas these had

not yet been fully calibrated to sufficient data obtained for the sifeecific conditions of the Groningen field.

For the interim update of the hazard and risk assessment in November 2015, a large amount of additional new
data from he Groningen field area was included. This primarily comprised new data for soil and building types
within the Groningen area. As a consequence, the interim update of the hazard and risk assessment of
November 2015 provided, for the first time, a quantifiappraisal of the seismic risk.

In this hazard and risk assessment for Winningsplan 2016 again more data have become arailaters
identified in the assurance program have been correctéthese are mainly reflected in updatémst have

been madeto the consequence model. The first update in 2016 of the hazard and risk assessment was
planned for ' July 2016. With the earlier date for the Winningsplan 2016 not all planned improvements could
be implemented before the delivery of the Winningsplan 2016. These will be implemented nethepdate
expected mie2016. For instance, the results of therkshop on maximum magnitude wlle available and be
implementedand the results of the second shaking table test on asitdlle unreinforced masonry building will

be available for validation of the numerical modelling.

Inside Local Personal Risk R).P

With knowledge of the presence of people in these buildings, the number of people exceeding an Inside Local
Personal Risk (ILPR) can be estimated. The solid black line irs 8dute 8.6 shows the number of people
exposed to a certain level of locaérsonal risk. During thisyeear period, there are no buildings where the
occupants are exposed to a mean local personal risk larger thatyedr. Occupants of some 100 buildings

are exposed to a mean local personal risk exceedirty&@r in the paiod 2016 to 2021 Over the period

2021 to 2026 this increases with some 100 additional buildings.risk is in this context often plotted as a
logarithmic quantity, the mean log local personal risk is also shown. The shaded grey areas indicatenthe nor
set by the Committee Meijdam.

The distribution of buildings with a mearollapse rate(note figure is not LPR as it does not yet take into
account the likelihood of fatality if a building collapsesgr the different buildingytpologies is shown in fige

8.7. These argoredominantly terraced buildingsThese estimates of buildings and people exposed to risk are
aggregates over the total Groningen gas field area.

The spatial distribution of buildings within given rasgef ILPR is shown in figureB&or an optimized
production scenariaf 33 Bcm/year and in figure 8f@r an optimisedproduction scenario of 27 Bcm/year.
When comparing these numbers with the norms advised by the committee Meijdam, the relevant map is
upper right hand map, which sh@athat about 100 buildings do not meet this norm in the 33 Bcm/year
production scenario.

These estimates do not include nstructural elements, which have been assessed through a separate
methodology and are described in a separfthing objectgiskassessment report

To obtain a sense of the areal spread of the higher risk buildings maps of the LPR for indivildiregdwere
prepared (Fig. 8.8 to 8)9 Each of the approximately 160,000 occupied buildings within the exposure area is
represented ly a single dot. These are plotted in order of increasing risk so that the largest risks plot on top.
Grey dots denote risks smaller than"‘?ljaear. Figure 8.8showsin the top right map for the 33 Bcm/year
production levelthe objects thatdo not meetthe norm of 105/year and therefore need strengthening within

the prescribed period of five years. In November 2@i& assessment indicatethat several thousansl of
buildings did not meet this normThe latest findings indicate thalhis number might beas low asseveral
hundred buildings.As thisis the result ofa probabilistic asessmentit must bevalidated through inspections

of buildings.
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These estimates of buildings and people exposed to risk are aggregates over the total Groninged geesaf
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Figure 8.7 Numbers of buildings exceeding a given average annual coltapeséor the 20162021 assessment period,
the 33 bcm production scenarftop row)and the basecase of the logic tree. Exceedance curves are shown
accordingto (left) building material, (rightbuilding typdogy. The named building topg®s denote the
top-ten ranked according to the number of buildings witbotlapse rate of at least fﬂyear.

Second row as top row, but for 27 bcm productioensrio.

Bottom row as top row, but for 21 becm production scenario.
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