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Samenvatting

Achtergrond bij deze technische bijlage

Op 1 april 2016 heeft de NAM het Wingsplan Groningen Gasveld 2016 ingediend bij de Minister van
Econonische Zaken (EZ). Dit Winningsplan gaat vergezeld met een Technische Bijlage Ciesfaaische
verdieping en achtergronden zijn gegeven ten behoeve van het Winningsplan.

Deze bijlage pre§ Yy 1 SSNII RAGSNES aO0SyINA2Qa @22NJ RS LINBRdAzOGAS €
0S22NRStAy3 @ty RS STFSOGSy @ty St Jhduce@deisésmigitéitSy I NR 2 Q
+22NJ St1 Ad0SYINAR2 G2NREKIRO2REBIINFKA ] ARKI RyKdRaAm ASy RS

daaromtren verwachtingen gegeven.

Conclusies

Productie

A 58 LINRRdAzZOGASAOSY!Il NA2 Q& o6°quch)lperjaar, RNilfard ¥bcd)der jaaren 38 m YA f 2
miljard nt (bcm) per jaar Vervolgens wordivoor elk productieniveau een tweetal verdelingen over het
gasveld gehanteerdn aanvulling op de distributie van de winning over het gasveld zoals doorgevoerd op
basis van het instemmingsbesluit van EZ van januari 20#én geoptimatieerd scenario ontwikkeldeze
optimalisatieoptie van de winning over het veld richt zich op de beperking van de seimiciteit. In totaal leidt dit
G20 SSy 1TSaidrt 0S22NRSStRS al0OSyINxA2Qao®

A Met de mogelijke optimalisatie van de productieverdeling wordt tevesen andere clustering en
regionalisatie van winningslocatiesigoduceerd, inclusief bijpassende productieplafonds. In totaliteit blijft
de productie voldoen aan de generieke beperlkengan productie uit het gehele gasveld.

A De beschikbare statische elymhmische modellen van het Groningen gasveld zijn verder verfijnd; suggesties

gedaan door SGS Horizon (een onafhankelijk instituutaktstiet op reserves binnen de olien gasindustrie),

TNO en het Staatstoezicht op de Mijnen (SodM) zijn meegenomen imadeassingen. Hehieuwe
reservoirmodel is nuiet alleen3 S{ I ft AONSSNR 2LJ olaia @Gy RS FTSAGStA21S
van praluctievolumes, reservoirdrukken en aquifers,maar toklemdaling.

Bodemdaling

A De meting van bodemdaling hegftaats sinds het begin van de productie van aardgas in Groningen. Onder
meer de volgende meettechnieken worden daarbij toegepast: waterpasmetingen en metingen met behulp
van satellieten (INSAR en GPS).

A %2¢gSt KSG 3FSKIFEYGSSNRS Uc¢a&I9S REDY B YRREYW QA & F Bl &KKS (a 24RS
compactie geven een goede passing met de gemeten bodemdaling boven het gasveld.
A De waargenomen bodemdaling in het centrum van de bodemdalingsschotel was circa 33 centimeter in 2013.

De verwachting is dat dade daling na afloop van de productie ongeveer 50 centimeter zal zijn.

Het RTCiMnodel is verkozen als het basismodel voor de compaoctiedat deze de beste overeenkomstentijd
en ruimte geeftmet de waargenmen reactie van bodemdaling op veranderingemroductie.

Seismiciteit

Voor de periode van 2016 tot 2021 zal de gemiddelde hoeveelheid aardbevingen en de gemiddelde energie die
daarbij vrij zal komem @2 2 NJ | £ £ S LINE hade@diviadhtin® $ayl tekekde Orde zijn als in de periode
van 20120t 2015.
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Seismische dreiging

A

A

>

>

>

De effecten van de lokale, ondiepe bodemsamenstelling op de grondbeweging bij een aardbeving zijn nu
onderdeel van de analyse.
In de voorliggende analyse is een correctie doorgevoerd in de software die gebruikt worddeom
bodembeweging te voorspellen. Deze omissie is recent ontdekt tijdens een-deédylse en vergelijking van
SSy sSSilt Y2RStfSy RAS 62NRSYy 3ISOoONMzZA{1d @22N) SSy L
correctie is besproken met onder meer h€NMI, TNO, SodM en de Scientific Adisory Committee (SAC) die
namens EZ toeziet op de kwaliteit van de risicobeoordeling. De waarde voor de variatie in lokale
bodemsamenstelling, die werd gebruikt in het model dat ten grondslag lag aan de Hazard anssBR$skn&nt
(HRA) van november 2015, was abusievelijk ingesteld op de maximale waarde. Dit onafhankelijk van de
verwachte beweging van de diepere ondergrond, terwijl deze waarde variabel moet zijn aan de verwachte
sterkte van aardbevingen. De doorgevoerdereotie heeft er toe geleid, dat zowel de seismische dreiging als
het seismische risico in de onderhavige Technische Bijlage lager zijn dan in de HRA van november 2015.
Het onderzoek en de beslisstructud/2 2 Y R22NJ YARRSt & @ly 1 8c9Bekssii Sy Wt
significante onzekerheden. Het gewicht dat is toegekend aan deze onzekerheden is aangepast in
2PSNBSyaiSYYAy3a YSi RS OSN¥I OKGAy3ISYy RAS Gy 20SNKSAI
15 februari 2016).
Voor elk van de zes produgtia OSy I NA2Qa Sy @22NJ SSy RNASGFIE (GA2R&0SA&
gepresenteerd. De dreigingskaart voor een productiescenario van 33 bcm per jaar in de periode van 2016 tot
2021 geeft een maximale grondversnelling (PGA) van 0.21g, dit eretgemiddelde jaarlijkse kans op
2OSNEOKNA2RAY3I Gy now:d 55 YFIEAYFES tD! Qa @22N) RS
respectievelijk 0.20g and 0.19¢g. Beiden met dezelfde genoemde overschrijdingskans.
De dreigingskaart voor het productiestario van 33 Bcm per jaar voor de periode 2Q021 ¢ met een
maximale PGA van 0.21gs onderstaand getoond.

Incl. topografie

: : 33 bem , 33 bem
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A

Om aan te tonen welke aardbevingen de grootste bijdrage leveren aan de seismische dreiging is een
onderscheid gemaaktaar een tweetal gebieden; het gebied rond Loppersum en de Stad Groningen. Wanneer
wordt gekeken naar het Loppersugebied, blijkt dat de grootste bijdrage aan de seismische dreiging in dat
gebied komt van aardbevingen binnen hetzelfde gebied (aardbenibgeen een afstand van minder dan 5
kilometer en met een magnitude tussen de 4 en 5). Dit in tegenstelling tot de dreiging voor de Stad Groningen,
die met name wordt gevormd door aardbevingen met een epicentrum die op ongeveer 10 kilometer afstand
ligt, in de richting van Loppersum. Aardbevingen op grotere afstanden van de Stad zouden ook significante
grondbewegingen in de Stad kunnen veroorzaken, maar deze moeten dan wel van een zwaardere magnitude
zijn.

Seismische risico

A

>

>

>

Local personal risk [year ']

De risiceanalyse omvat het bezjken van gebouwen, met een focus op constructieve elementen van een
bouwwwerk. Potentieel vallende, nigbnstructieve objecten zijn beoordeeld volgens een aparte methodiek
en beschreven in een afzonderlijk rapport.

De beoordeling van het individueel dei op basis varLPR, Inside Local Personal Risk) van bewoners in de
regio toont, dat geen van de bewoners wordt blootgesteld aan een risico groter dapet@aar in de periode

van 2016 tot 2021. Gkustreerd in onderstaande grafieken zijn er enkelntlerden gebouwen waarin de
bewoners mogelijk zijn blootgesteld aan een risico dat ligt tussen deeQL0° per jaar voor de genoemde
perdiode.

LPR Assessment for the 33 Bcm/year Scenario

107 . . . 107 . . . .
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Number of buildings exceeding this risk

Number of people exceeding this risk

De norm voor veiligheid die het Ministerie van EZ op basisdeaadvieen van deCommissie Meijdam heeft
gesteld kan worden behaald door het voorziene programma van bouwkundig versterken uit te voeren.
Hierdoor kunnen alle betreffende gebouwen in een periode van 5 jaar worden verstrekbnder) het
risiconiveauvan 10°. Op basis van de huidige onzekerhedgereflecteerd inde bandbreedtg geldt voor
ongeveer duizend gebouwen, dat er een kans van meer dan 10% bestaat dat de bewoners blootgesteld zijn
aan een risico tussen de ten 10°.

De gebouwen met een i tussen de 10 en 10° per jaar bevinden zich met name op de lijn die zich
uitstrekt van Delfzijl, via Loppersum, naar Bedum. In de onderstaande figuur zijn deze door middel van een
kleuring gevisualiseerd.
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10° < LPR <10°* (B:113, P:1096)
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>

Voor een tweetal types gebouwefeen ervan inde samenvatting getoond)s tevenseen verbijzondering

gemaakt in de bijdragen die [a] de magnitude, [b] de afstand tot het epicentrum, [c] de variatie in
grondbeweging en [d] spectrale versnelling van het gebouw leveren aan het risico. In deze samenvatting is
alleen deze verbijzonderingam meerdere, getoond. Het risico gebonden aan particuliere woningen met
enkelsteensmuren en silie@l f OA dzY RNJ | 3 Y dzNBRM. 0 K S i v ( K S§ebid@adhdnlS NA dzY
hetzelfde beeld als de eerder genoemde verdeling van de dreiging; net als bij @gndrelragen de
aardbevingen in dat gebied en op een afstand minder dan 5 kilometer het meeste bij aan het risico. Terwijl
voor de Stad aardbevingen op een afstand van 10 kilometer, uit het Loppeagshied de grootste contributie

vormen.
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gering. Ook maakt het verschil in de opties om de productie te digirdruover het veld een zeer gering
verschil in de blotstelling van gebouweern bewonersaan dat risico

Local personal risk [/year]

2016-2021

104E

10}

—— 33 bem|]
— 27 bcm

Local personal risk [/year]
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10° 10*
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10° 10*

Number of buildings exceeding this risk

10}

2016-2021

= 27 bcm
21 bem

—— 33 bem |

10°

10°

10* 10°

Number of people exceeding this risk

10°

Het effect van een drietal versterkingsopties is wederom onderzdgbre opties zijn dezelfde als
die in HRA van november 2015 gebruikt en beslaan 5.000, 10.000 en 20.000 gebWowenlle

drie de opties kan binnen 5 jaar het risiconiveaunvid® worden behaald.
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A

A
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De huidige analyse toonterder aan dat het aantal gebouwen dat momenteel niet aan de norm
voldoet aanzienlijk lager is dan bleek uit de analysaawember 2015Hoewel dit een positieve
ontwikkeling is binnen de inschatting varthseismische risico, betekent het niet meteen een
navenante doorvertaling in de omvang voor het bouwkundig versterken. De genoemde (3)
versterkingsopties worden vooralsnog gehandhaafd om de volgende redenen:
91 De beoordeling betreft een probalistische arsdyen wijst niet meteen elk individueel gebouw
Fy RIFEG OSNBRISN]JAYy3I 0SK2STFied aSi SSy 3I2SR Ay
inspectieprogramma is de verwachting echter dat de individuele gebouwen die niet voldoen aan
de norm worden gevonden. éwerkbaarheid van een dergelijk inspectieprogramma moet
echter nog worden aangetoond.
T 9NJ T A2y &AIYAFAOIYGS adi lindicéérde aarGbbvihden i Grongen NRA & A C
in kaart te brengen. Er bestaan niettemin nog onzekerheden om het agebaluwen dat niet
voldoet aan de norm nauwkeurig in te schatten. Toekomstige verfijning van de beoordeling,
bijvoorbeeld op basis van de uitkomsten van aanstaande testen op de schudtafeEirzlilén
deze onzekerheden nog verder moeten verkleinen.
1 Hetbouwkundig versterken zal uiteindelijk plaats vinden op basis van de (definitieveNREN
en Bouwbesluit. Er kunnen verschillen (blijven) bestaan tussen de HRA van de NAM en de NEN
NPR. Bijvoorbeeld, de meest recente en bovengenoemde resultaten varistessdne dreiging
Zijn nog niet meegenomen in de NEEWR.

Voor de komende periode wordt aangenomen dat het versterkingsprogramma in lijn blijft met het
huidige Meerjarenplan van de National Codrdinator Groningen (NCG). Voor de middellange en
langere termipn zullen de resultaten van de beoordeling beschikbaar worden gesteld aan de NCG om
hemin staat te stellen de omvang en prioritering van het bouwkundig versterken onder zijn plan te
(her)definiéren.

Schade

> >

De relatie tussen de seismiciteit en schade bagmplex.

Voor de inschatting van het aantal toekomstige schadegevallen op basiglevamomenteel
berekende dreigingis een eenvoudige methode gehanteerd. Deze is gebaseerd op een
kalibratiestudie van TNO en KNMI uit 2009. Deze inschatting is vervolgegsleken met de
schadeclaims die in het verleden (in de periode 2R025) zijn gedaan. De genoemde studie is
gekalibreerd op basis van schadegegevens van voor 2007 en laat een goede overeenkomst zien met
de schades als gevolg van de Huizinge aardbeni212. Voor de aardbevingen sinds 2012 blijkt
deze methode echter niet geschikt om schade te relatexan aardbevingen.

10
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A De schadegegevens wijzen naar eenme@ogd, maar nog niet verklaardantal schadeclaims na de
Huizinge aardbeving.
A Nadere studie igodig naar:
1 De gebieden waar de aardbevingen een dusdanige energie kunnen genereren dat er schade
ontstaat.
91 De precieze relatie tussen de schadeclaims (en rapportage daarvan) en de actuele schade.
1 De wijze waarop schades als A, B en C (al dan niet aandsgerelateerd, of een combinatie
daarvan) wordt geclassificeerd.
A Er lijkt een opwaartse trend te zijn ontstaan binnen het aandestlades (schades die niet
toegewezen kunnen arden aan aardbevingen) sindsedio 2015.
A De génstalleerde TN&ensoren tonerdat gebouwen in de regio trillingen vertonen als gevolg van

een diversiteit aan oorzaken, vamend van aardbevingen tot verkeer en bouwwerkzaamheden.

11
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Management Summary

Background to this Report

On the T' April 2016 NAM submitted the Groningen Winrsptan 2016 to the Minister of Economic AffaifBhis
Winningsplan is accompanied with a Technical Addendum providing further background to the technical
assessments used in the Winningsplan.

This addendum presents scenarios for the gas production floenréservoir and ampdated assessment of the
consequences of the production for each scenario in termsulfsidence andnduced seismicity. For each
scenarig the hazardand risk(including damage)resulting from induced seismicigre assessed and farasts are
presented

Conclusions

Production

A The gas production scenarios cover three annual production defeel the field 21 Bcm/annum, 27
Bcm/annum and 33 Bem/annumi-urthermore,for each production levekwo different distributions of the
offtake from the field are usedThis idn addition to the distribution of the offtakever the field asimposed

by the Ministerial decision of January 2044 optimized scenario was developékhefurther optimization of

the distributions of the offtakever thefield aimsto minimize risk.This resultsn a total ofsix scenarios.

The optimized field offtake introduces an alternative grouping of the production clusters and their production
limits. The gas production scenarios adhere to the limitation of tft@i@gen production system.

Thestaticand dynamic reservoir models of the Groningen field have been further updated. Comments from
aprevious reviewof the modelfor Winningsplan 2013 by SGS Horitmuependent reserves auditqrand by
TNOAGE and @M have been incorporated. Tk new reservoir model is now history matched with
production datameasuredreservoir pressurg data ofwater rise from the aquifer and subsidence data.

>

>

Subsidence

A Subsidence monitoring in Groningen is in place sitiee start of production. Te following surveying
techniques are applied: Spirit levelling,-PRSAR (Satellite Radar Interferometry) and GPS.

A Both the Time decay and the RTCiRate Type Compaction isotach Modetmpaction models result in a
good overall fito the observed subsidence data above the Groningen field.

A The RTCiM compaction model is chosen as the base case compaction model because it results in the best fit to
the temporal and spatial observed response of the subsidence to production changes.

A Maximum observed subsidence above the center of the field was around 33 cm in 2013. The forecasted

maximum subsidence at the end of field life is approximately 50 cm.

Seismic Event Rate

A For the period 2016 to 202hoth the median annual total seismievent rate and median annual seismic
momentsare, for all of the volume case$precased to remain ina similarrange as the actual seismewent
rate andmomentobservedin the period 2012; 2015.

Seismic Hazard

A The effects of the local soil conditions on tlgepound movement response to an earthquake have been
incorporated in the hazard assessment.

A In the current hazard assessment an error in the software implementation of the model for ground motion
prediction has been corrected. This was recently detedtgd detailed comparison of hazard and risk results
obtained from two independent software implementatiomsid has been discussed with KNMI, TNO, SodM
and SAC As a result of this mistake in the interim update of the hazard and risk assessment of November
2015, the variability in the local site response was effectively set to its maximum value irrespective of the level
of shaking expected in the underlying rock, whereas this variability should increase with the strength of

12
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>

>

p>

>

shaking. Correcting this mistakas resulted in a lower assessment of the probabilistic hazard and risk in the
current Technical Addendum than in the interim update of the hazard and risk assessment of November 2015.
The logic tree capturing the main uncertainty scenarios and their weigas been updated in line with the
guidancein the expectdion letter (verwachtingenbrigfof 15 February 2016
A Hazard Map is presented for each of the six production scenarios for three time periods. The hazard map for
the production scenario of 8Bcm/annum shows for the period 2016 to 2021 a maximum PGA of 0.21g with
an average 0.2% annual chance of exceedandée maximum PGA for the production scenario of 27
Bcm/annum and 21 Bcm/annum are 0.20g and 0.19g respectively amithverage 0.2% annuahance of
exceedance
The Hazard Map for the production scenario of 33 Bcm/annum for the period 2016 to 2021 with a maximum
PGA of 0.21 g is shown belowhere PGA is equal to the PSA for T=0.01 s
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To show which earthquakes hatéghestimpact ; the hazard assessmerd disaggregation of the hazard
was performed for two areas; Loppersum and Groningen cilipe disaggregation for the Loppersum area
shows that the largest contribution to the hazard is from earthquakes within the Loppersum aséan(e

less than 5 km with a magnitude ranging from 4 to 5). In contrast the largest contribution to the hazard in the
Groningen city is from earthquakes with an epicenter approximately 10 km away from theogiyrds the
Loppersum area)The earthquékes located further awagan also caussignificant ground acceleration in the

city of Groningenbutneed to have a larger magnitude.

Seismic Risk

A

p

The scope of this risk assessment covers building collapse risk (focused on the structural elements of
buildings). Falling object risk (netructural elements) is assessed through a separate methodology and
described in a separate report.

The assessment of ILIRside Local Personal Riskpws there are no buildings where the inhabitants are

exposed to a rean ILPR in excess of 4@nnum for the period 2016 to 2021 There are some 100 buildings
where the inhabitants are exposed to a mean ILPR betweéfah@um and 10/annumfor the same period
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The safetynorm for LPR as set by the Minister based on the advice oiMiglam Committeewill be met by
executinga structural upgrading prograrto ensure thatinhabitants of all buildings are exposed to a LPR
below 1077annum within 5 years. Based on the curramcertainties, for some 1,000 buildings there is a
more than 10% chance that the inhabitants are exposed to an ILPR betwéamaom and 10/annum.

A The buildings with an ILPR betweeri*tdhnum and 10/annum are located primarily in a zone from xlfq

)

Loppersunt, Bedum. Values in the figure have been clipped for this range.

10° < LPR <10°* (B:113, P:1096)
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For two building typologies disaggregatiorwas also performed focontributions to the basease ILPR for
magnitude, distance from the epicentre, gnod motion variabiliy measure and spectral acceleration causing
building collapse.In this summaryonly the disaggregation is showrhe ILPR disaggregatiomsults for the
residential apartment buildings of unreinforced masonry with siekcium load bearing walls (tgB) in the
Loppersim area (typology RESARMB) show results similar to the disaggregation of the hazard.
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As for hazard, earthquakes in the Loppersum area (i.e. at epicentral distances less than 5 km) contribute most
to the risk for this areawhile for Groningen city, earthquakes at an epicentral distance of 10 km (i.e. in the
Loppersum area) arhie most important contribution.
The sensitivity of the number of houses with an ILPR betweéahfium and 10/annum to changes in the
production levé is small. The difference in number of buildings or people exposed to a LPR between the two
options for distribution of the productionverthe field is very small.

Local personal risk [/year]
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A The impact of three structural upgrading programs has also been investigated. dgramps are the same as
used in November 2015 and target 5,000, 10,000 and 20,000 buildings. All three programs yield a safety level
where all buildings reach an ILPR below/a@num within 5 years.
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The current risk assessment indicates that the nunidfebuildings that do not meet the norm of 'f@ear for

ILPR (~100 buildings) may be considerably lower than the estimate in the previous interim update assessment

of November 2015. While this is good news in terms of the seismic risk in Groningees iat immediately

translate into a smaller structural strengthening scope. Consequently, the three structural upgrading scenarios

used for the November 2015 interim update have been retained for this risk assessrheng. are three main

reasons for this

o0 This is a probabilistic assessment and does not directly indicate each individual building that needs to
be upgraded. In time, with a wellesigned and riskased inspection program it is expected that
individual buildings with ILPRLE® can be found \ith reasonable efficiency, however this efficiency
has not yet been proven.

o Significant progress has been made towards assessing the risk from Groningen earthquakes, however
considerable uncertainty remains in the estimate of the number of buildings dbanot meet the
norm based on mean ILPRC®. Future updates of the risk assessment could result in a different
mean value of the risk, such as when new shake table tests are taken into account.

0 Ultimately the structural upgrading scope will be based the NENNPR building code, and
differences may exist between this code and the NAM hazard and risk assessment. For example the
latest results for the seismic hazard have not yet been adopted in theNNER

In the shortterm, the structural upgrading pgram is expected to be in line with the current plan of the
National Coordinator Groningen (NCG). For the medium to-fenyg, the results of this risk assessment will
be available to help NCG define the scope and prioritisation of the structural upgrpdigram

Damage

A

> > >

>

A simple forecasting method for D1 damage state, basethe2009 Kalibratiestudie by TNO/KNMI, was used
to forecast the chance of damage based on hazard data. These forecasts were compared with historical
damage claim data (period 2@ 2015). This study is calibrated on damage data from before 2007 and also
provides good results for building damage (claims) for the Huizinge 2012 earthquake. However, for
earthquakes after 2012, this method is not able to match building damage claims
The relationship between seismic activity and damage claims appears to be complex.
Empirical evidence pointing to strong increase in the number of claimshhaiginge (eark2013).
Further research is required into:

0 The area where earthquakes couklease sufficient energy to cause damage

o the precise relationship between damage claim reports and actual damage

0 The assessment of claimed damages a840r Gdamage, or combinations thereof
There appeargo be a growing trend in the content of-@amag (damage which cannot be attributed to
earthquakes) in damage claims from R#@15 onwards.
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A The TNO sensors show that buildings in Groningen experigcealerationsdue to a wide variety of causes.
Traffic and construction work also cause buildingeération.
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1 Introduction

This report provides technical support to the Winningsplan 2016 and consist of the follsggtigns:
Introduction

Static and ginamic model update

The Groningen production system,

Reduction of seismic risk througinoductionmanagement

Forecastingvith optimizedproduction distributon

Subsidence,

Hazardassessment

Riskassessment,

© ® N o o M 0w NP

Building démage

yi 2F KITIENR YR NR&|l Ay GKS 2AyyAy3IaLikly
Y I LRFGS bedddiond & Nbzarchang dskbassessrient in this Technical

df R 6S NBFIR Ay O2y2adzy Odntéryh Updaté Koveinke6 a1 | 1T |

¢tKS FaasSaa
Assessment L y (i S
l RRSY RdzY &
HAMpEO®

To enable a critical review of this addendum it is presented in English. The conchmizeer are summarized in
the Dutch summary and in theain text of the Winningsplan 201@hichisprepared in Dutch.
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2 Static and ¢gnamic model update

2.1 Introduction

This section of the repordescribes the updates to thereservoirmodel of the Groningen field since Winningsplan
2013. Emphasis is on the latest updates.

For the Technical Addendum to the Winningsplan Groningen 208 subsurface realisations of the Groningen
field were used. Thee modelswere labelledasG1 and G2:

1 The G2 moddlbase caseyas the best historynatched dynamic model with respect the reservoir
pressure datdSPTG and RFand gaswvater contact movement (PNL logén wpdate of this G2 model
(GFR2013) has been used for business planning and reserves reporting pufipes€é? model assumed
weakaquifer support to the north and had a mismatelth subsidence datan the northrwestern part of
the model area.

1 An alternativeG1 realizatiorhad moderatdy strongaquifersupport to the north andshowedimproved
subsidence matchut with less good matcto gaswater contact movement.

In support of the WP2016 update, a new Groningen field review was started in 2015. The main reasons for
initiating the Groningen Field Review 2015 (GFR2015) and thus replacing the existing models are:

I To incorporate new datainsights and modelling approaches.

1 The need for a single dynamic model that matches pressure and water contact movement, but also
Groningen subsidence data.

1 Larger model area to allow for improved pressure and subsidence prediction to the west @lthe fi
including the city of Groningen.

9 Local reservoir pressure matches (at the cluster level) should be improved to ensure good well capacity
prediction (gas rate vs. tubidgead pressure).

1 Aquifer behaviour resulting in water rise was not adequately meliched.

1 New data have been acquired since the last model update.

In addition to the reasons above, a number of commeatsl recommendationsesulting from reviews othe
previous static and dynamic modgy TNO and SGS Horizon have now been incorporated.

The primary objectives for the updatetiatic anddynamic model are usage in:

1  Winningsplan 2016
1 the Seismic Hazard and Risk Assessment process
Seconday objectivesinclude

1 Business planningrpcess
1 Annual Reporting of Petroleum Resources (ARPR)
1 Identification and maturation of evelopmentopportunities

2.2 What is new in GFR2015

The conceptual geological concepts that form the framework for the Groningen subsurface models have not been
changed. They are described in an introduction to the geology of thai@yen Field area which is attached to this
document for reference (AppendixThe main changes to the statieservoirmodel include:

1 Themodel grid arednas been extendedpproximately 810 km to the West and 5 km to tHgouth(Figure
2.1) because
0 The previous model wasainly focused on the Groningen closure since the objectives of the
model were different. However, for geomechanical studies like prediction of subsidence, the
area outside of the Gronirm closure is also @fmportance.
19

Technical Addendum to the Winningsplan 2016 1% April 2016



0 Subsidence in the greater Groningen area, including the city of Groningen, is not only affected by
pressure depletion in the main Groningen gas field, but alsgressure depletion adjacent
aquifers and surroundingmall fields. To improvehe forecast of subsidence in théxtended
area,an expanded largesubsurfacenodel areas required.

o Historical and forecasted pressure valules the extended numerical grigprovide a better
physical basigor geomechanical calculationsn the previousmodel pressure in the aquifer
were modelled using analytical correlations.

1 The model gd has beeroptimized ;

0 Locally, fault connections have been simplified and small faults have been switched off to
improve the grid geometry

o Locally, minomodifications have been applied to faults to better honor the well data

The number of layers in the reservoir zones has been revised
o The definition of model segments has been adjusted, also because of the extension of the model
area.

o

1 The poperty modellirg has been revised
o Property trend maps have been updated
o Dat from new wells has been included, and the well stock used for property modelling extended
0 The porosity distribution has been modelled by steering the interpolation between well locations
with an acoustic impedance inversion model. This model was derived from a Promise inversion
study carried out in 2003.

The extendednodel area nowncludes the following Land asset fields:

1. AnnerveenVeendam
Bedum
Bedum South
Rodewolt
Usquert
Zuidwending East
Feerwerd
Warffum
9. KietWindeweer
All available data (pressure, production, PNL etc.) for those fields were included in the history matching process in
the same way as those from the main Groningen field. In addition to updated historical data, new vaehales
been included. This includes newly drilled Groningen wells Borgesivaad Zeeriji?2 and 3and data from the

abandoned norGroningen well Sauwertl. The 2012 and 2015 models are compareBigure2.1, with initial gas
digtribution shown in blue.

© N Ok
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AU

Kiel-Windeweer

Annerveen-Veendam

Zuidwendig-East

Figure2.1 GFR2012eft) and GFR201fight) grid boundary comparison
The main updates to the dynamic model are listed below:

1  The same dynamic modelling package is used for GFR2015 (ShelfspfloReS and Reduce++),
but all input has been revisegtuning parameters have been removed, scripts have been cleaped
and standard functionality used where possible

1 New suibsidence proxy calculaticend match quality indicator (normalised RMSE fdrssdence) in
MoReS

1 Modified assignment of analyticatjaifers, combined with different approach to tuning their
parametersfor history matching and uncertainty evaluation

1 Revised set of saturation functions including BreGksey based capillary presswerrelation and
improved relative permeability model

1 Revised fluid (PVT) properties including implicit modelling of condensed water in the gas phase based
on WeheMcKetta

1 More constrained history matching workflow, with 3 matching parameters instead of 2.

One of the mainobjectives of the new dynamic model update is to achieve hastory match to measured
subsidencedata, in addition to the more conventional matobn reservoir pressure and gagater contact. The

approach chosen is to builh approximatefast and integratedsubsidence proxy in Mes. The proxy guidethe

history matching ands used in the uncertainty management workfloW.is important to note that the history

match of subsidence is mostly used to improve our prediction of reservoidpdesl 5 > SaLISOAl ff & gKSI
have measured well data like for example in the aquifer. The final prediction of subsidence will be done using a
separate fulphysics geomechanical model, taking predicted reservoir pressure as Figute2.2 and Figure2.3

below show the theory and schematic representation of this proxy.
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Figure2.2 Subsidence modelling schematic

Model subsidence proxy
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Figure2.3 Subsidence prgximplementation and workflow

2.3 Dynamic nodel update since November 2015 HRA

In November 2015 NAM prepared an intermediate report to the Hazard and Risk Assessment where an earlier
GSNARAZ2Y 2F (GKS Y2RStf RS&AONAOGSR K S NBynanmic anodelzvedsod 2 ¢ K I G
ODCwHAMpPUYDHU £ D { A Y kate béeHnade todhs @&IelIThe utditéd ynadsldhat is used fas th
Winningsplan submission is referred to as GFR2015_v2.5.

The underlying static model of both versions is the saand wasdescribed in Section 2.Also, the reservoir

behaviour, drive mechanisms and most of the match parameters did not change. However, there are some tuning
parameters that have been changed to improve the quality of the simulation model. The differenadis@resed

in the History Matching section. Below are the main differences between the two models in descending
importance.
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1. All permeability multipliers in the aquifers have been removed while maintaining an equal or better
history match. The higher pressuin the aquifer, needed to achieve a match to subsidence, is now
obtained by changing the sealing behaviour of faults rather than from reducing aquifer permeability.
There are now only three global permeability multipliers left in the model:

a. Ten Boer redction
b. Ameland shale reduction
c. Heterolithics reduction

2. Improved match on noiGroningen wells such as Bedum, Sauweerd;\Wiabeweer, Annerveen

Veendam etc. The match was improved by the following steps:

a. Closer cross discipline collaboration with the La&sdet staff to better understand particular
reservoir features including fault sealing.
b. Volume corrections of Land fields according to the latest ARPR data.

Updated subsidence dataset resulting in improved match across the field

Update to relative permeality model where residual gas saturation is a function of porosity

Changes to PVT model, resulting in improved match of condensed water production

Well interface properties (kdh, Re) are derived from the fine scale model using the flow based upscaling.

Als, a vertical permeability reduction factor was introduced in the dynamic model in consultation with

geologists.

2.4 Dynamic Compartments and Initialization

The initial pressure in Groningen at the free water level (FWL) is assumed to thiolydrostatic gadient
However, there is not a single contact level across the Groningen field even though all parts are in pressure
communicaton. No significant changes to FWLs are introduced for this work compared tGFR2012 dynamic
models The set of FWLs are @eimined from a combination of opehole logs, RFT and SPTG measurements, and
define the set of dynamic compartments. The exact delineation between compartments follows faults and
structures and also remains largely unchanged. There is also a temperatiatovaacross the field, with a
variation from about 80 to 120° C, resulting in different gas properties. All these variations are taken into account
during the hydrostatic initialization. For the additional land fields, contact information is obtaired the
corporate database, with a single level for each fidkigure 2.44 shows the dynamic compartments with
corresponding FWLs (left). The area of the model that has an initial GWC within the Slochteren formation is also
shown(right). In the south the contact is located in the Carboniferous.

o0k~ w

Zeerijp: 2984

NW: 2984

Eemskanaal: 2996 Easliaie I

Harkstede: 3016
SE: 3006
SW: 2995

Figure2.4 Groningen field compartments with different FWL in TVNAP (left). GWC in the model (right)
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Geological fault throws and sand face juxtapositionvali as the origin of the faults define the sealing capability of
the faults,and consequentlyhe flowing paths for the fluid. lFigure2.5 two eastwest cross sections are shown.
The major faults separating the nortfast (whee the ZND cluster is located) from Zeerijp and the neovést
(where the ZRP wells are found) are clearly visible (top). Similarly there are faults separating th@exirtfom
the east (bottom).

Figure2.5 Faults with gnificant throw control the dynamic behaviour of the field

While the main input to the history matching process is agreement to pressure, PNL and subsidence data, the
modelwasalso checked to ensure that the hydrostatic initialization remains stalfienie. It is clear that all parts

of the Groningen field are in pressure communication, although many of the faults act as baffles between the
different initialization regions. To validate the stability of the initialization, the model has been simutaté@d0

years without any production. Ifrigure2.6 the gas water contact (GWC) at various locations is depicted as a
function of time.
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Figure2.6 Stability of GWC in selected regions over a sitiar period of 1000 years

FromFigure2.6 it is clear that the GWC in the different regions do show sufficient stability for the purposes of
dynamic modelling. Only in the northern part of the Harkstede block (EemskaBaaélllocation) is there some
movement of the contact due to equilibration with the Eemskanaal region. However, the process is quite slow and
the contact remains stable within the timeframe where the field is under production.

2.5 History matching workflow
GFR 2018ynamic model is constrained by the following historical data:

91 Production and injection data as controlling parameters

1 Pressure data including SP(T)Gs, CITHPs, BUs and RFTs
1 PNL data (water rise)

1 Subsidence data

Fluid composition data is not directly usedthe historymatching process, however the changing gas composition
in certain wells was evaluated during the analysis of the reservoir behaviour.

The subsidence data was matched using thiesgdence proxy calculatioend match quality indicator (normakd

wa{9 T2NJ adz aAi RSy Oifliousddinanfiasimalétor) SAn exarfiple Sffthie réixy results is shown

in Figure2.122.

'y AYAGAFE GaNBFSNBYyOSe¢ Y2RSt gl a YIlydz tf&oirlbeagvdir 0 &4 SR
and results from the previous Groningen field reviews. A preliminary understanding of the behaviour of the
surrounding Land asset fields had to be created, ensuring that no pressure communication exists with main
Groningen field. Then the refence model was used as an input to the Assisted History Matching (AHM) workflow.

This workflow serves to investigate many realisations with different variables and hence gives an insight into the
various history matching possibilitieBhe following matiing parameters were used to tune the model:

9 24 global and locabross Block Volume (GBANd permeability multipliers
91 38 fault grouping sealing factors
1 Other tuning parameters like aquifer properties, well @il properties (skin) etc.
Figure2.7 shows two examples of the assisted tuning of permeability and fault transmissibility to better match PNL

and historical pressure data. Local match quality indicators suggest tuning parameters, e.g. an exact value of fault
transmissibilityin order to minimise the mismatch in certain areas.

A map with the fault groupings are shown iRigure2.8. It demonstrates that the transmissibility d¢fie vast
majority of fault groups had to bealibrated in order to match thdynamic behaviour of the field®nly a relative
small set (marked in black) of faults were set to fully sealiings increases the confidence thhe impact of faults
on reservoir behaviour is well understood.
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Figure2.7 Examples of the tuning process using the underwater permeability and fault transmissibility.
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Figure2.8 Sealing factor multipliers of fault group that were used as matching parameters in the history match, black
faults arefully sealing. Other colours are only indicating different fault groups and no sealing factor value

The history match quality from resulting runs was assessed using 3 criteria (see 3 axes scatteFiglate2rD):

1 Pressure mimatch (simulated and measured SPTG at well locations)
1 PNL mismatch (simulated and measured water rise at selected well locations)
1 Subsidence mismatch (simulated and measured subsidence across the field)

27
Technical Addendum to the Winningsplan 2016 1% April 2016



[ ] ' I ' Subsidence Match
. ‘Pressure Matc :

48

000

6

T e | | | |
TU" 2 \-.
= e R ‘ : -
2 e
E ™ N —— Tl =
z = DIL-1 | g
o @ ! | 350
e ISR
i Y =
g
N sz g 175
‘4 e
& - N hog
& o L H
o = ,
\g 5 175
-
ol .
- H 250

e LN R
e o o

Figure2.9 AssistedHistory Matching workflow from the space filling exercise towards the manual tuniftte best
matched models are located in the red circle.

2.6 History matching results

The model that was finally chosen is very well matched on all three parameters witly araeall difference in Gas
Initially In Place (GIIP) values between GFR 2012 and 2015 models.

A few examples of the history model match quality can be seen from the figures below.
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Figure2.10  Reservoir pressure history noht quality for a few typical Groningen clusteEemskanaal 13 and some
observation wells
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Figure2.11  PNL history match quality for sorBoningernwells (left), and eservoir pressure history match quality f@and
wells ard ZRP3.
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2.7 Uncertainty analysis workflow and results

The calibrated dynamic model provides reservoir pressures for the selected pi@dwscenarios and possibly
includes the uncertainty range in reservoir pressures associated with subsurface uncertainty.

The history matched model and the resulting variable space will be used in the determination of ultimate recovery
for a simplified prduction scenario. It is very important to use UR instead of GIIP for the uncertainty analysis,
because the late field life uncertainty parameters are screened out in the selection based on GIIP, e.g. aquifers or
relative permeability parameters. For reserpurposes the uncertainty in field UR at the end of economic field
production life is important. For infill projects the uncertainty in project UR or project value is looked for and for
hazard and risk assessment of earthquakes the uncertainty in maxisalnsidence may be the parameter. This
would imply that a different set of P10/P50/P90 models is used depending on the objectives.

The goal is to have a set of models with a sufficient history match quality that captures the potential spread in the
forecastand this is schematically shown figure2.13. The top 2 graphs represent the screening criteria of the
variables:

1. Left side box less uncertain variables, because the history match quality is very sensitive to the change
of those variables

2. Right side box variables that are not so sensitive for the history match, but might be important in late
life
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Figure2.13  Schematic representation of the uncertainty for ultimate recovery (UR).

The applieduncertainty analysis workflow for the ultimate recovery is as follows:

1.
2.

Generate a set of variables with sufficiently wide ranges to capgheencertainty.

Assess which model parameters affect the uncertainty in ultimate recovery without affectingstiogyhi
match.

Simulate the history match and the forecast for a large number of magallswith a varying set of
parameters.

Quantify the sensitivity of the mismatch functions to independent variable parameters.

Discard parameters that could reduce thestoiry match.

Simulate the forecast with an ensemble of models by varying parameters that do not impact the history
match.

Determine P10, P50 and P90 members of the range based on ultimate recovery.

Test the range of ultimate recovery by investigating gdarset of variable parameters

The top left picture inFigure2.14 shows the actual results using the workflow aboVae ed line is the base case
and the grey cloud is generated from 1000 runs used for the ntaicgy analysisfrom which the P10/P50/P90
model realisations we selected(top right figure).

Also in this analysis the reservoir models which are different conceptually but still have an acceptable history
match were analysed. This was done in orderdheck the potential impact in case the current reservoir
understanding is not fully right. Bottom right picture figure2.14 shows the results of those runs in terms of UR.
They all fall within the initial gregloud, i.e. uncertainty range.
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The bottom left picture shows the correlation between the UR and Subsidence values generated from the 1000
models. It is clearly seen that no correlation exists between to parameters and 3 separate low/mid/high models
shoul be used for UR and subsidence calculations.

3000000 Data tabe:
MRN_SF_1000_C Varking
" W Marking
2800000 Marking:
i Marker by
W Marking (Row Number).
2600000 Colorby
Marker by FC_Subs_COF
(Row Number)
2400000 © ik (100)
Calorby @ Min (©.01)
2 CaseiD
wooce ; ) Mot equal to ©
2000000 2 @ Equalto G111
h
s Size by
:
1800000 a CaselD &
U\
o :
& 1600000 © Loz g
3 - 5011 o
T 1400000 o
E] N
H s
3 1200000 -..l'
i
1000000 &
i
b
300000 .
.
.
800000 .
.
400000 =
B 2760000 270000 2600000 2820000 2840000 2850000 2860000 2500000 2620000
.
200000 . FC_UR
“
PR
2000000 Data table:
1960 1970 1980 1980 2000 2010 2020 2030 2040 2050 2060 2070 2080 MRHN_SF_ 1000_CumulativeG
Year 2800000 |||I||I|II"IIII“II"II Marking:
Marking s lIIl|||||| W Marking
i W Marking I'II Marker by
. , . (Row Number)
0.9 (Row Number) - Colorby
Color by 2200000 o CaselD
i SPe RLS . @ Contains NEV
X - A ) Not equal to G1_I
Max (0,00) 2000000 b C !
@M= 0,00 - @ Equal o C111
07 *) Min (0,00) E
» 1800000
£
w 06 T 1600000
3 H
g 05 R
=1 E
3, S 1200000
o 04
e 1000000
03
02 600000
01 400000
200000
0
0 enmemme
0 01 02 03 04 05 06 07 08 09 1
FC*UR*CDF 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2080 2070

Year
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3 The Groningen System

3.1 Gas Production System

The Groningen System consists of theriihgen Field and the three Uadground Gas Storages (UGHBE hi-cal
UGS in Grijpskerkhe lo-cal UGS in Norg and thedal PGl Alkmaar operated by TAQA.

The Groningen field is currently produced at 20 production clusters and two satellite prodwetiigters.At the
production clusters, produced gas is compressed and processed. The clusters are connected via a pipeline network
(the Groningen ring), sekBigure3.1, via which gas is supplied to the national gas grid througters custody
transfer stationsd | ®{ @ & & Wi A&l tohd@ridafetisiseparated from the gas at the production clusters
and transported via separate pipeline (Waco) to the Delfzijl tankenpark.

At the custody transfer stations the gas is meteradalelivered to the Gasunie Transport Services (GTS) pipeline
system. In order to fulfill the market demandistribution of the gas over the custody transfer stations is joint
effort of GTS and NAM. This distribution is mainly impacted by the geograpb@ztion of clusters and
OverslagenGTS is responsible for redistribution of the gas in the national grid to supply the market.
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Figure3.1 Shematic overview of the Groningen ring

The Underground Gas Storage (UGS) Norg is an integral part ofdhie@zn production system. The UGS is used

to assist the Groningen field production in periods of high capacity demand (winter) and is refilled during periods
of low market demand (summer), resulting in a flattened production profile of the Groningkh fre2015, the

UGS capacity expansion projeeas completed and a dedicated pipeline (NorGroN) between the Groningen Ring
and the UGS was taken into operation.
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Figure3.2 Areal overview of the Eemskanaal Cluster

3.2 Operational constraints

The system isperated within a set of contractual and technical constraints impacting the flexibility of the system,
for instance related to distribution and gas quality constraints. Some of these technical constraints are listed
below.

1 Maintenance
In order to keep ugthe high reliability of the system, an extensive maintenance and inspection program is
being executedAvailable capacity is impacted because of maintenance, testing, and other activities which
typically take place in summer.

1 Gas quality
The gas needs tbe deliveed at the custody transfer stationsvithin a very tightgasquality specification
band. Howevergas produced from the Eemskanaal cluster has a different composition and a calorific content
above the higher limit of the quality specificatigaveaage Wobbe Index of 45. MINNT, compared to 43.7
MJ/Nm?® for most of the other Groningen clustgrsThe maximum contractual Wobbe value is AN,
Gas fromthe Eemskanaatlustertherefore needs to be mixed with gas from other clusters in the Groningen
pipeline system taneetthe export quality specification (Ref. 1).

91 Distribution
The distribution is mainly impacted by the geographical location of clusters and Overslagen.
For instance, gas delivered at the Oude Statenzijl Overslag (OSZO) is supplying the German market whilst gas
delivered at the Eemskanaal Overslakl(B) and the Sappemeer Overslag (SAPO) is primarily used to
accommodate gas demand in the West of the Netherlands.

1  Seismic risk minimization
Based on hazard and risk assessment, a production distribution over theviilele proposedand the effect
of the distributionwill be controlled by means of Measurement and Control Protocol (in Dutdha S-& (i
Regelprotocof; MRP)
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1 Other factors
Other constraints impacting available capacity and/or system flexibility include ambient temperature, GTS
system prasure and local demand, unforeseen unavailability of clusters

3.2.1 UGS injection requirements

The UGS expansion project has led to a working volume increase from 3 to 7 bcm. In order to be able to inject the
full 7bcm, the injection compressors require a highiel of availability and a minimum level of suction pressure
which can only be supplied via the NorGroN pipeline combined with a specific pressure segregation of the
Groningen Ring. This segregation impacts the operational flexibility in terms of distnbu

3.2.2 Minimum flow
Minimum flow rates at the overslagen

Every single custody transfer system (overslagen, OV) reqaimesimum of 1 min an'/day to keep it in
2LISNI GAZ2Y D lfaz GKS O2Yo0AYylF A2y 2F hz+ QAaTus and BAPfFahd2 6 &
East (OSZ) requires a minimum flow of 3 mlnsmay per direction (East, South, East) for direct delivery to GTS.

Oudestatenzijl (OSZ) has a different character compared to other custody transfer stations, because of operational
limitations in the GTS system, pressure and flow is required from the Groningen Ring (so called open pipe).

Minimum flow rates at clusters

Quick response to increase demand can only be facilitated from clusters in operation or in standby mode. The
standby mode equires a minimum flow which is related to ambient temperature.

Minimum flow at high ambient temperatures 1 min n/d (above 0 degrees Celsius)
Minimum flow at low ambient temperatures 3 min ni/d (between-10 and 0 degrees Celsius)

If the ambient temperture is below-10 degrees Celsius, the required minimum flow is higher.
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4 Reduction of seismic risthrough production management

4.1 Introduction

This chapter investigates the possibility of reducing seismic risk by optimizing the offtake distributidheofietd

at a given annual total offtake level. islcomes down to reducinipe offtake from higherisk areas balanced by
increasingofftake in lowerrisk areasbased on the current knowledge of the fieldThe approach andhe
optimizationcanbe updded when new data become available aredjularly reviewed as part of theeasurement

and control protocal The seismic response to the changes in the distribution of the field offtake and resulting
impact on riskcan thenguide future cycles in this optimizati process.

Gasproduction leadsto pressuredepletion, which in turn leadsto reservoir compaction.Compactionand the
consequentialfault slip is the driving force for seismicactivity. Therefore, pressuredepletion is a preamblefor
seismicactivity. Different productionscenariogesultin different pressuredepletiontrendsin the field, andhence
potentially in a different distribution of seismicrisk. Theoperationalconstraintsdiscussedn the previouschapter
haveto be incorporatedin the desgn of productionallocationscenarios.

The optimisation approachand choicesmade therein is subject of a review processand are to be evaluated
amongstothersthrough stepsdescribedin the Measurementand Gontrol Protocol. Theeffects of gasproduction
from the Groningenfield are monitored usingdifferent parameterssuchas pressure,subsidenceground motion
and seismicactivity rate. A Measurementand Control Protocol has been written up in which a number of
measued signalparametershave been identified which have an impact on the Hazardand Risklevel. Basedon
these signal parameters values and observed trends, production distribution can or may be confirmed or
redistributed over the field, taking into account the overall volume limitations. Regula reporting of
measurementstrends, redistribution of production,and when requiredrecalibrationof the HRAmModelsis part of
the protocol.

¢CKS a1l FT FNR | y&Arywh3INA Y adzlSR &y SNavi 20055HR A58 9¢d as mtariing pointfor

the optimization as described in this chaptein subsequent chaptersf this technical addenduphazard and risk
assessments will bpresentedfor both production allocation scenario§ his enablgevaluaion of the impactof

production managemenbn seismic isk. Further investigations to achieve a more robust and mathematically

more rigorous optimizatiomn the futurer N8 RSaONA O SR Ay (G(KS a{GdzRé& IyR 5 {1

4.2 Hazard and Risk Assessmaqinterim update November 2015

4.2.1 January 2015 regions

Thefirst initiative to influence, or rather reduce, seismic activitythe near termwas taken bysodM who advised
to subdivide the Groningen field inttour production regiongFigure 4.1)and assign production caps for each
region. This advice wasloptedand set as permit conditiortsy the Minister of Economic Affaiesd implemented
by NAM as follows:

1 LOPPZlusters: 3.0N.Bcm per yedr
1 Eemskanaatluster: 2.0N.Bcm per year
1 SouthWest clusters: 9.9N.Bcmper year
I Eastclusters: 24.5N.Bcm peyear

leading to a fieldotal of 39.4 N.Bcm.

1 LOPPZ -Leermens,Overschild, DePaauwen, TenPo s t Zandt eet
2 N.Bcm refers to a volume of a billion normal cubic meterdlormal means the volume is measured at a
standard temperature (@degreeC) and pressure (1 bar).
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These caps have been revised2015 TheCouncil of StateRaad van Stajeuled that the LOPPZ clusters could
only be produced to ensure security of supply, effectively reducing production to the volurngeedo keep
these clusters omvarm stand-by (see Chapter 3)Later in tlat year, the total field productioncapwasfurther
reducedto 33 Bcmand 27 Bcm

Groningen

= SouthWest
= Eemskanaal
= LOPPZ (Loppersum region)
= East

@ Satellite of production cluster
Figure4.1 Production regions as per January 2015

4.2.2 Pressure response driven by January 2@&dgans

The production profiles as uddan the Nov 2015 HRA werziven by the regions as they were enforced by the
(revised) decision on the Winningsplan 20ERjure 42 presents the forecastedeservoirpressure distribution for

2021 assuming a continuaicap on LOPPZhowinga strong NorthSouth trend in theassociatedpressure
depletion A consequencef the almost completeclosein of thefive LOPPZlustersis thatthe northern-most area

of the field islessdrainedand only reaches aeservoirpresaire of around 80bar in 2021 The reservoir pressure

in the southeastern area of the field is expected to decline to some 50 bar, resulting in a pressure difference
between these areas of 2530 bar by 2021. The small depleted @larea to the west bthe Groningen field is

the Bedum field.
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Figure4.2 Groningen reservoir pressure prediction at 1/1/2021, from the 27Bcm production profile as per the Nov 2015
HRA. Note that in order to enhance detail within the field contour, the color scafgpisdcht 100 bar; pressures
outside the reservoir contour are in fact higher.

The Groningen reservoir consists of high quality reservoir rock with highorgross, thick column, andood
permeability. The field is heavily faultedith more than 1,500 rajor and minor faults identified on seismiécross
most faults there is a good saitd-sand juxtaposition Therefore many of the faultdo not present major baffles

to gas flow. Consequently, in most areas there is a gmwedsure communicatioacross thdield. However, due to

the size of the field educing theofftake in one region will cause a pressure imbalance. Inititlly pressure
decline in a low offtake area willow down But over time when the pressure imbalancat the field scale
becomes leger, this becomes a driving force causing the gas in the higher pressured region to flow towards the
lower pressure regionslhis effect will be seen over distances of many kilometeesause othe goodpressure
communicationacross the fieldThe paceat which the pressure equilibration process takes place is slow because
of the high compressibility of gas at reservoir diions. Pressure equilibration can takeeveral years.
Furthermore,a few large faults without gaso-gas juxtaposition will regiaily act as baffles.Examples arehie
NW:SE trending major faults to the north of the Loppersum area.

The process of long range pressure equilibration is illustrateBigare 43 for the LOPPZ clusters. Thnitial
response to the productiortonstrains is a stabilization ofeservoir pressures (from January 2014 to January
2016). However, from January 2016 onwards, the pressure corgtoudgecline.The productionreducesto 10% of

the volumes produced before January 2Q1dut the pressure depletion ate reduce by 50% only. This
demonstrates that gas from the LOPPZ region is also drained lmgltee Groningerclusters.
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LOPPZ annual gas production by cluster (N.Bcm)
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production pofile for 27Bcm annual offtake.

4.2.3 Observations from Nov 2015 HRA

The optimization of the distribution of the production over the field, will use as a starting point the interim update
of the hazard and risk assessment of November 20b5%he current asssment the hazard and risk consequences
for two production distribution cases will be compared: (a) the production distribution imposed early 2015 as used
in the November assessment and (b) an optimized production distribution.

01/01/2017

Impact of the production restriction on the pressure decline in the Loppersum area,
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using November 2015 HRA

TheNov 2015HRAhas presated earthquake location maps and seismic hazard and risk ymapsh will be briefly
described here Earthquake locations are shown kigure 44. The top left-hand map showsll monitored

earthquakes with a magnitude larger than M4Be mapat the top right-hand side showasll earthquakes with a
magnitude lager than M=1.5hat have occurred ithe last ten years. Hsefiguresshow.

9 a higter densityof earthquakes around Loppersum,
1 few earthquakes have occurred in the north east; abamémaginary e from Uithuizen to Leerans three

earthquake larger than M=2 has been recorded.
1 Inthe south of the fieldfrom Ten Boer to Hoogezand, a secaasteringof earthquakes has been recorded.

The seismic hazard is expressed in terms of maximum pealndracceleration (PGAnd presented in hazard
maps Figure 45 is taken fromthe Nov2015HRA It isbased orproduction scenarisof 33 27 and 2BBcm/annum
and a distribution of production over the fieldvhich isin line with the 2015 regions and cagsshowsthat the
highestPGAs areoncentratedaroundthe Loppersum area

Risk mags as in Figure @.are based on the same hazard maps, but also incorporate the location of buildings in the
area and their occupancyThe relatively thinly populated northern padf the area and thedenserpopulated
municipalitiesare clearly reflected in the riskaps The buildings with Inside Local Personal RidRRpetween
10° and10* (10'5<|LPR<1'0 aremainlylocated in a band from Delfzijl to Bedum.
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Period: Up to January 2016
Historical earthquakes in Groningefiop row @ the left all earthquakes with a magnitude larger than M = 2 are
shown, while at the right a#arthquakes with a magnituderger than M=1.5 for the last ten years are shown.
Bottom rowgivesall historicearthquakes with a magnitude larger than or equal to M=3.0

Figure 4.4
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Figure 4.6 Mean inside local personal risk, ILPR for every individual building within two equal risk(iuandao5 to
10'4/year, and from 1d to 10"°’lyear) for the 5Syear assessment period 2016 to 2021 under theB8M
production scenario without structural upgradini@rom Nov 2015 HRA)

Figures 4.5 and 4.6 have been taken from the Interim Update of the Hazard and Risk Assessment of November
2015, which served as the starting point for the optimisation of the production distribution over the field.
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4.3 Optimisationof the production distribution

4.3.1 Considerations

The January 2015roduction regions weréntroducedto steer production distribution over the figl In order to
influenceseismic riskhese regionshould bedefined in linewith the gas flowbehaviorof the field. The following
factors need to be takemto account

1 Gas flow and gessure behavior in theeservoir
1 The distribution otlusters in thefield
1 Operational constraintsn the production and pipeline systean

Figure 4.7 combinesall these elements. Igivesa saturation map of the reservoir with a schematic of the
production systemthe net hydrocarlon column map for the fieldand two streamlinegraphs One graphshows
the streamlines colored by arriving producendicating the direction of flow. The othegraphis colored by
drainage timei.e.the timeit takes fora gasparticle to travel along atreamline from a position in the reservoir to
a producer wellStreamlines seem to be preferentially oriented along a-8®/trend. The same trend is also seen
in the orientation of structural elements. This suggests tthaise elements are affecting gafow through the
reservoir.Hence, from agas flow andeservoirpressureperspective it makes more sense to define production
regions in line with these NVBE trends.

The net hydrocarbon column map of Figuré dan be considered as a proxy for the hthpatical compaction that

may occur in response to pressure depletidhwas mentioned earlier in this chapter that compaction is thought

to be the driving force for induced seismicity. Particularly those locations where differential compaction occurs on
either side of a fault may be prone to slippage. Therefore, the net hydrocarbon column map also prosiglets

for the definition of production regions.
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Figure4.7 Drainage of the Groningen field
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4.3.2 Newareas

Based on the above observations oeservoir pressureébehavior, gasflow patterns and structurageological
aspects, an updatas proposed fothe subdivision of the Groningen field into productiofitake areas The newly
defined areasare described below andre used to evaluate the effecof production optimization to reduce
seismic risk.

4.3.2.1 North area

Themost northern area of the Groningen fielsl characterized by a low fault density and a relatively high net gas
column. The column height decreases gradually to the nes#st. This regiohas seen very limited seismic activity
to date.

4.3.2.2 Northwestarea

Thisareais characterized by a high fault density and a high but laterally vanghgascolumn The areawas
historicallymost prone to seismic activity and production from clustersaled in this areahas been set ta
minimum levelin January 2015The area is bowted in the north by a fault

4.3.2.3 Southwestarea

Thisareahas a slightlyhigher pressure thanother areas of theGroningen field. This can be attributed to the
presence of faus and a limited juxtaposition window witbther areas ofthe field. Fault density is high in this
region and the gas column is modest on average but laterally variable.

4.3.2.4 Southarea

The southern part of the Groningen field has the highest density of pridocclusters, and consequently has a
uniform pressure distribution. Fault density is also high but the net column height is limited. Therefore, the
expected total compaction is limited and seismic activity levels are expected to be limited as well.

4.3.2.5 Cental area

The Centralareais characterized by a high fault density and a high net gas column, but with limited lateral
variability. Seismic awity has slightly increased over the past yearBhe area iggeographically close to the
industrialized zone aund Delfzijl.

The newareasare schematicallyshownin figure 48 asellipses Thesubdivision in production regiores used in
2015isindicatedby thecoloursof the clusters

These areakave been defined based on the latest insights into reservelravior and seismicity. They form the
basic building blocks for the optimization of the distribution of production over the field. Méasurement and
Control Protocodescribes the procedures for monitoring both production in the regions and the semttivity,
which should allow for further optimization of production in the future.
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Glonmgﬁn

Figurel.8 New productiorareas(dotted ellipses Theregional division of the field as used in 2015 is given by the colours of
the clusters
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5 Forecasting with theoptimised production distribution

5.1 Introduction

For the production forecasting, a combination of the subsurface model (MoRes) and sodteerk model
(GenRem) has been used. The operational constraints as mentiorsetttion 3.2 and in addition, the forecast
constraints as mentionedhapter 4.3are taken into account.

5.2 Annual Demand profile

SodM adwie (of December 2015) artthe expectation letter fom the Minister February 2016yequest NAM to
avoid rapid production fluctuationsas this may reduc¢he seismic riskThe production strategywas therefore
changed taargeting aconstantaverage production volume level per monghith an operational margin

Thisflat productiontarget has been applied both on a field level, andamareallevel. Alsq the latest long term
shutdown planning (LTSP) including schedualester shutdowrs istaken into account.

5.3 Capacity

Theinstalled capacity in the Groningen field depends on the resep@issure and theperationalstatus ofthe
production clusters. Based on the applied maintenance strategy, the recorded performance and risk failure
probability,an availability curvés establishedor the production facilities in the Groningen systenis availability

curve indicates the expectationdha certain capacity is available for production.

In order to be able to produce thannual volume targeat a flat annual demand profilea minimum capacityis

required andgiven the capacity per clustazonsequently a certain number of production cleist However,
additional capacityis necessary becaus# the availabilities, thephysical limitations of GroningeRingandthe GTS
network, filling theUGSNorg andPGIlAlkmaar,andany market restrictions.

5.4 Production logic

In order to manageseismic rik, optimized offtake is such thaproduction will be redistributedfrom areas of
higher risk to areas of loer risk. The following logic was established to define the production policies:
1 Increase offtake in th&lorth region
From streamlines, HC thickness meapd pressure maps, it is clear that the Northusder-utilized, and
does not seem to interfere much with thdorthwestregion
1 Reduceproduction fromSouthwestregion

1 Production from NortAWest utilization is limited.

5.5 Production Scenarios

Threeoptimized production scenarios were simulated, which all hamahe constraints as per sectiod.2. Each
production scenario assumes a constant offtake which has not been convoluted with market demand and does not
cover for security of supply.

1 21Bcm; Regional productions ardorth 4 Bcm,Northwest1.5 Becm,Southwest0.5 Becm,South10 Bem, and
Central5 Bcm. Within theSouthregion highest priority is oAPD/EKR/TUS/SZW/SAP, while the clusters closest
to the high riskNorth-Westarea (KPD/ZVN/SLO/SPI) will only produce gas wérgired.

In the Centralregion a low priority is given to SDB, since it is closeddnh-Westarea (will only produce
when required).

1 27 Bcm Regional productions ardorth 5.5 BcmNorthwest1.5 BcmSouthwest0.5 BcmSouth14 Bem, and
Central5.5 Bcm.

1 33 Bcm In order to maximisethe production plateau the load factors per region were kept simildhe
production from theSouthregion was increased with 1 Bcm to an annual total of 15 Bcm, andCémgral
region to 10.5 Bcm.
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All forecasts were stted at 1/1/2016, at the end of the history matchrigure5.1 gives their respective offtake
profiles in annual volumes and monthly ratdsgure 52 gives the reservoir pressure depletion over the next 5
years (between 1/1/2016 and 1/1/2021) for thtéree scenarios. It can be seen that for all scenarios, pressure
depletion is minimized in the Centr#estern part of the field. However, for the high offtake scenario £88),

this effect becomes less pronounced, and especially the South is further depleted

Figure533 A @Sa | RANBOG O2YLI NR&azy 2F (GKS ySEG p &SI NDa
optimized new regional offtake pattern, for 21/27/33 Bcm annual offtake, together with their respective
corresponding pressure differencesidtclear that with the new regions, the relatively benign Negdstern area

of the field is further utilized, at the benefit of the Southwestern (Eemskanaal) area, and extending the spared
North-Westarea further South/East.

Note that the monthly productin volumes are flat, taken into account maintenance, i.e. field loadfactor is the
same every month.
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Figure5.1 Annualand monthlyproduction volumes by region, for 21/27/33 Bcm annual production
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